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METHODS AND PHARMACEUTICAL COMPOSITIONS FOR REDUCING

AIRWAY HYPERRESPONSE

FIELD OF THE INVENTION:

The present invention relates to methods and pharmaceutical composition for reducing

airway hyperresponse in a subject in need thereof.

BACKGROUND OF THE INVENTION:

Airway hyperresponse ("AHR") is a characteristic feature of many airway diseases and

consists of an abnormality of the airways that allows them to narrow too easily and/or too

much in response to a stimulus. Respiratory diseases, associated with a variety of conditions,

are extremely common in the general population. Airway hyperresponse is observed in

particular in asthma and chronic obstructive pulmonary disease (COPD).

Asthma is one of the most common diseases in industrialized countries. Asthma is a

condition characterized by variable, in many instances reversible obstruction of the airways.

This process is associated with lung inflammation and in some cases lung allergies. Many

subjects have acute episodes referred to as "asthma attacks," while others are afflicted with a

chronic condition. All asthmatics have a group of symptoms, which are characteristic of this

condition: episodic bronchoconstriction, lung inflammation and decreased lung surfactant.

Existing bronchodilators and antiinflammatories are currently commercially available and are

prescribed for the treatment of asthma. Most of the drugs available for the treatment of asthma

are, more importantly, barely effective in a small number of subjects.

COPD is characterized by airflow obstruction that is generally caused by chronic

bronchitis, emphysema, or both. Commonly, the airway obstruction is incompletely reversible

but 10-20% of subjects do show some improvement in airway obstruction with treatment. In

chronic bronchitis, airway obstruction results from chronic and excessive secretion of

abnormal airway mucus, inflammation, bronchospasm, and infection. There is very little

currently available treatment to alleviate symptoms of COPD, prevent exacerbations, preserve

optimal lung function, and improve daily living activities and quality of life. Many subjects

will use medication chronically for the rest of their lives, with the need for increased doses

and additional drugs during exacerbations. Medications that are currently prescribed for

COPD subjects include: fast-acting -beta2-agonists, anticholinergic bronchodilators, long-

acting bronchodilators, antibiotics, and expectorants. Amongst the currently available



treatments for COPD, short term benefits, but not long term effects, were found on its

progression, from administration of anti-cholinergic drugs, beta2 adrenergic agonists, and oral

steroids. Short and long acting inhaled beta2 adrenergic agonists achieve short-term

bronchodilation and provide some symptomatic relief in COPD subjects, but show no

meaningful maintenance effect on the progression of the disease.

Thus, there is a need for additional treatment options in managing airway hyper-

responsiveness in airway diseases such as asthma or COPD.

S100B is a member of the SI00 protein family. SI00 protein is a low molecular

weight protein found in vertebrates characterized by two calcium binding sites of the helix-

loophelix ("EF-hand type") conformation. There are at least 2 1 different types of SI00

proteins. The name is derived from the fact that the protein is 100% soluble in ammonium

sulfate at neutral pH. S100B is an acidic protein with a molecular weight of 12 kDa existing

as a homodimer consisting of two beta subunits. The two monomers are configured in a

twofold axis of rotation and are held together by disulfide bonds.S100B has been identified as

a calcium binding protein playing a role in contraction of striated and skeletal muscle but its

role in the airways hyper response has not yet been investigated.

SUMMARY OF THE INVENTION:

The present invention relates to agent selected from the group consisting of an anti-

Si 00B antibody, an anti-SlOOB aptamer or an inhibitor of S100B gene expression for use in a

method for reducing airway hyperresponse in a subject in need thereof. The present invention

also relates to a method for determining whether a subject is at risk of having or developing

an airway hyperresonse comprising determining the level of S100B protein in a biological

sample obtained from said subject.

DETAILED DESCRIPTION OF THE INVENTION:

Bronchial hyperactivity is a sign of smooth cell muscle contraction, leading to

constricted airways and difficulties to breath. The reactivity is induced by bacterial or allergic

derivatives in mouse models of acute lung injury and of allergic asthma. The inventors have

addressed the contribution of SI00b, a ligand of the RAGE/AGER pathway, in the airway

responses in two models of respiratory challenges. SI00b was expressed in the lungs

following airway stimulation with a dynamic profile similar to pro-inflammatory cytokines.

Mouse lacking SI00b displayed reduced LPS-induced airway response with no impact on the



cellular recruitment or on the secretion of TNF-a and IL-6 pro-inflammatory cytokines.

Similarly, neutralizing antibodies treatment abrogated bronchial reactivity in the LPS

challenge and in the OVA-sensitized model of allergic asthma. After LPS challenge, SI00b

expressing cells accumulated near the upper airway epithelial and muscular cells in the

bronchiole, suggesting a potential role of SI 00b in controlling the dynamic of cellular

remodeling during the airway hyperresponsiveness. These observations highlighted SI00b

upstream of the cascade regulating bronchial hyperreactivity and showed that SI00b blockade

as a potential therapeutic strategy for respiratory diseases including acute lung injury and

asthma.

Accordingly the present invention relates to an agent selected from the group

consisting of an anti-SlOOB antibody, an anti-SlOOB aptamer or an inhibitor of S100B gene

expression for use in a method for reducing airway hyperresponse (AHR) in a subject in need

thereof.

It is worth mentioning that the agents of the invention are able to reduce AHR without

modifying the inflammatory response (see Example 1).

As used herein, the term "S100B" has its general meaning in the art and refers to SI00

calcium binding protein B described in Donato R. SI00: a multigenic family of calcium-

modulated proteins of the EF-hand type with intracellular and extracellular functional roles.

Int J Biochem Cell Biol. 2001 Jul;33(7):637-68.

As used herein, "antibody" includes both naturally occurring and non-naturally

occurring antibodies. Specifically, "antibody" includes polyclonal and monoclonal antibodies,

and monovalent and divalent fragments thereof. Furthermore, "antibody" includes chimeric

antibodies, wholly synthetic antibodies, single chain antibodies, and fragments thereof. The

antibody may be a human or non human antibody. A non human antibody may be humanized

by recombinant methods to reduce its immunogenicity in man.

As used herein the term "anti-SlOOB antibody" refers to any antibody directed against

S100B.



Antibodies may be prepared according to conventional methodology. Monoclonal

antibodies may be generated using the method of Kohler and Milstein (Nature, 256:495,

1975). To prepare monoclonal antibodies useful in the invention, a mouse or other appropriate

host animal is immunized at suitable intervals (e.g., twice-weekly, weekly, twice-monthly or

monthly) with antigenic forms of S100B. The animal may be administered a final "boost" of

antigen within one week of sacrifice. It is often desirable to use an immunologic adjuvant

during immunization. Suitable immunologic adjuvants include Freund's complete adjuvant,

Freund's incomplete adjuvant, alum, Ribi adjuvant, Hunter's Titermax, saponin adjuvants such

as QS21 or Quil A, or CpG-containing immunostimulatory oligonucleotides. Other suitable

adjuvants are well-known in the field. The animals may be immunized by subcutaneous,

intraperitoneal, intramuscular, intravenous, intranasal or other routes. A given animal may be

immunized with multiple forms of the antigen by multiple routes.

Briefly, recombinant forms of S100B may be provided using any previously described

method. Following the immunization regimen, lymphocytes are isolated from the spleen,

lymph node or other organ of the animal and fused with a suitable myeloma cell line using an

agent such as polyethylene glycol to form a hydridoma. Following fusion, cells are placed in

media permissive for growth of hybridomas but not the fusion partners using standard

methods. Following culture of the hybridomas, cell supernatants are analyzed for the presence

of antibodies of the desired specificity, i.e., that selectively bind the antigen. Suitable

analytical techniques include ELISA, flow cytometry, immunoprecipitation, and western

blotting. Other screening techniques are well-known in the field. Preferred techniques are

those that confirm binding of antibodies to conformationally intact, natively folded antigen,

such as non-denaturing ELISA, flow cytometry, and immunoprecipitation.

Significantly, as is well-known in the art, only a small portion of an antibody

molecule, the paratope, is involved in the binding of the antibody to its epitope. The Fc' and

Fc regions, for example, are effectors of the complement cascade but are not involved in

antigen binding. An antibody from which the pFc' region has been enzymatically cleaved, or

which has been produced without the pFc' region, designated an F(ab')2 fragment, retains both

of the antigen binding sites of an intact antibody. Similarly, an antibody from which the Fc

region has been enzymatically cleaved, or which has been produced without the Fc region,

designated a Fab fragment, retains one of the antigen binding sites of an intact antibody

molecule. Proceeding further, Fab fragments consist of a covalently bound antibody light

chain and a portion of the antibody heavy chain denoted Fd. The Fd fragments are the major

determinant of antibody specificity (a single Fd fragment may be associated with up to ten



different light chains without altering antibody specificity) and Fd fragments retain epitope-

binding ability in isolation.

Within the antigen-binding portion of an antibody, as is well-known in the art, there

are complementarity determining regions (CDRs), which directly interact with the epitope of

the antigen, and framework regions (FRs), which maintain the tertiary structure of the

paratope (see, in general, Clark, 1986; Roitt, 1991). In both the heavy chain Fd fragment and

the light chain of IgG immunoglobulins, there are four framework regions (FR1 through FR4)

separated respectively by three complementarity determining regions (CDR1 through CDRS).

The CDRs, and in particular the CDRS regions, and more particularly the heavy chain CDRS,

are largely responsible for antibody specificity.

It is now well-established in the art that the non CDR regions of a mammalian

antibody may be replaced with similar regions of conspecific or heterospecific antibodies

while retaining the epitopic specificity of the original antibody. This is most clearly

manifested in the development and use of "humanized" antibodies in which non-human CDRs

are covalently joined to human FR and/or Fc/pFc' regions to produce a functional antibody.

This invention provides in certain embodiments compositions and methods that

include humanized forms of antibodies. As used herein, "humanized" describes antibodies

wherein some, most or all of the amino acids outside the CDR regions are replaced with

corresponding amino acids derived from human immunoglobulin molecules. Methods of

humanization include, but are not limited to, those described in U.S. Pat. Nos.

4,816,567,5,225,539,5,585,089, 5,693,761, 5,693,762 and 5,859,205, which are hereby

incorporated by reference. The above U.S. Pat. Nos. 5,585,089 and 5,693,761, and WO

90/07861 also propose four possible criteria which may used in designing the humanized

antibodies. The first proposal was that for an acceptor, use a framework from a particular

human immunoglobulin that is unusually homologous to the donor immunoglobulin to be

humanized, or use a consensus framework from many human antibodies. The second proposal

was that if an amino acid in the framework of the human immunoglobulin is unusual and the

donor amino acid at that position is typical for human sequences, then the donor amino acid

rather than the acceptor may be selected. The third proposal was that in the positions

immediately adjacent to the 3 CDRs in the humanized immunoglobulin chain, the donor

amino acid rather than the acceptor amino acid may be selected. The fourth proposal was to

use the donor amino acid reside at the framework positions at which the amino acid is

predicted to have a side chain atom within 3A of the CDRs in a three dimensional model of

the antibody and is predicted to be capable of interacting with the CDRs. The above methods



are merely illustrative of some of the methods that one skilled in the art could employ to make

humanized antibodies. One of ordinary skill in the art will be familiar with other methods for

antibody humanization.

In one embodiment of the humanized forms of the antibodies, some, most or all of the

amino acids outside the CDR regions have been replaced with amino acids from human

immunoglobulin molecules but where some, most or all amino acids within one or more CDR

regions are unchanged. Small additions, deletions, insertions, substitutions or modifications of

amino acids are permissible as long as they would not abrogate the ability of the antibody to

bind a given antigen. Suitable human immunoglobulin molecules would include IgGl, IgG2,

IgG3, IgG4, IgA and IgM molecules. A "humanized" antibody retains a similar antigenic

specificity as the original antibody. However, using certain methods of humanization, the

affinity and/or specificity of binding of the antibody may be increased using methods of

"directed evolution", as described by Wu et al, I . Mol. Biol. 294:151, 1999, the contents of

which are incorporated herein by reference.

Fully human monoclonal antibodies also can be prepared by immunizing mice

transgenic for large portions of human immunoglobulin heavy and light chain loci. See, e.g.,

U.S. Pat. Nos. 5,591,669, 5,598,369, 5,545,806, 5,545,807, 6,150,584, and references cited

therein, the contents of which are incorporated herein by reference. These animals have been

genetically modified such that there is a functional deletion in the production of endogenous

(e.g., murine) antibodies. The animals are further modified to contain all or a portion of the

human germ-line immunoglobulin gene locus such that immunization of these animals will

result in the production of fully human antibodies to the antigen of interest. Following

immunization of these mice (e.g., XenoMouse (Abgenix), HuMAb mice

(Medarex/GenPharm)), monoclonal antibodies can be prepared according to standard

hybridoma technology. These monoclonal antibodies will have human immunoglobulin

amino acid sequences and therefore will not provoke human anti-mouse antibody (KAMA)

responses when administered to humans.

In vitro methods also exist for producing human antibodies. These include phage

display technology (U.S. Pat. Nos. 5,565,332 and 5,573,905) and in vitro stimulation of

human B cells (U.S. Pat. Nos. 5,229,275 and 5,567,610). The contents of these patents are

incorporated herein by reference.

Thus, as will be apparent to one of ordinary skill in the art, the present invention also

provides for F(ab') 2 Fab, Fv and Fd fragments; chimeric antibodies in which the Fc and/or

FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced by



homologous human or non-human sequences; chimeric F(ab')2 fragment antibodies in which

the FR and/or CDRl and/or CDR2 and/or light chain CDR3 regions have been replaced by

homologous human or non-human sequences; chimeric Fab fragment antibodies in which the

FR and/or CDRl and/or CDR2 and/or light chain CDR3 regions have been replaced by

homologous human or non-human sequences; and chimeric Fd fragment antibodies in which

the FR and/or CDRl and/or CDR2 regions have been replaced by homologous human or non-

human sequences. The present invention also includes so-called single chain antibodies.

The various antibody molecules and fragments may derive from any of the commonly

known immunoglobulin classes, including but not limited to IgA, secretory IgA, IgE, IgG and

IgM. IgG subclasses are also well known to those in the art and include but are not limited to

human IgGl, IgG2, IgG3 and IgG4.

In another embodiment, the antibody according to the invention is a single domain

antibody. The term "single domain antibody" (sdAb) or "VHH" refers to the single heavy

chain variable domain of antibodies of the type that can be found in Camelid mammals which

are naturally devoid of light chains. Such VHH are also called "nanobody®". According to

the invention, sdAb can particularly be llama sdAb.

As used herein the term "aptamer" refers to a a class of molecule that represents an

alternative to antibodies in term of molecular recognition. Aptamers are oligonucleotide or

oligopeptide sequences with the capacity to recognize virtually any class of target molecules

with high affinity and specificity. Accordingly the term "anti-SlOOB aptamer" refers to an

apatamer directed against S100B.

Aptamers may be isolated through Systematic Evolution of Ligands by Exponential

enrichment (SELEX) of a random sequence library. The random sequence library is

obtainable by combinatorial chemical synthesis of DNA.

An "inhibitor of S100B gene expression" refers to a natural or synthetic compound

that has a biological effect to inhibit or significantly reduce the expression of S100B gene.

Inhibitors of expression for use in the present invention may be based on anti-sense

oligonucleotide constructs. Anti-sense oligonucleotides, including anti-sense RNA molecules

and anti-sense DNA molecules, would act to directly block the translation of S100B mRNA

by binding thereto and thus preventing protein translation or increasing mRNA degradation,



thus decreasing the level of S100B, and thus activity, in a cell. For example, antisense

oligonucleotides of at least about 15 bases and complementary to unique regions of the

mR A transcript sequence encoding S100B can be synthesized, e.g., by conventional

phosphodiester techniques and administered by e.g., intravenous injection or infusion.

Methods for using antisense techniques for specifically inhibiting gene expression of genes

whose sequence is known are well known in the art (e.g. see U.S. Pat. Nos. 6,566,135;

6,566,131; 6,365,354; 6,410,323; 6,107,091; 6,046,321; and 5,981,732).

Small inhibitory R As (siRNAs) can also function as inhibitors of expression for use

in the present invention. S100B gene expression can be reduced by contacting a subject or cell

with a small double stranded RNA (dsRNA), or a vector or construct causing the production

of a small double stranded RNA, such that S100B gene expression is specifically inhibited

(i.e. RNA interference or RNAi). Methods for selecting an appropriate dsRNA or dsRNA-

encoding vector are well known in the art for genes whose sequence is known (e.g. see

Tuschl, T. et al. (1999); Elbashir, S. M. et al. (2001); Hannon, GJ. (2002); McManus, MT. et

al. (2002); Brummelkamp, TR. et al. (2002); U.S. Pat. Nos. 6,573,099 and 6,506,559; and

International Patent Publication Nos. WO 01/36646, WO 99/32619, and WO 01/68836). All

or part of the phosphodiester bonds of the siRNAs of the invention are advantageously

protected. This protection is generally implemented via the chemical route using methods that

are known by art. The phosphodiester bonds can be protected, for example, by a thiol or

amine functional group or by a phenyl group. The 5'- and/or 3'- ends of the siRNAs of the

invention are also advantageously protected, for example, using the technique described

above for protecting the phosphodiester bonds. The siRNAs sequences advantageously

comprise at least twelve contiguous dinucleotides or their derivatives.

As used herein, the term "siRNA derivatives" with respect to the present nucleic acid

sequences refers to a nucleic acid having a percentage of identity of at least 90% with

erythropoietin or fragment thereof, preferably of at least 95%, as an example of at least 98%,

and more preferably of at least 98%.

As used herein, "percentage of identity" between two nucleic acid sequences, means

the percentage of identical nucleic acid, between the two sequences to be compared, obtained

with the best alignment of said sequences, this percentage being purely statistical and the

differences between these two sequences being randomly spread over the nucleic acid acids

sequences. As used herein, "best alignment" or "optimal alignment", means the alignment for

which the determined percentage of identity (see below) is the highest. Sequences comparison

between two nucleic acids sequences are usually realized by comparing these sequences that



have been previously align according to the best alignment; this comparison is realized on

segments of comparison in order to identify and compared the local regions of similarity. The

best sequences alignment to perform comparison can be realized, beside by a manual way, by

using the global homology algorithm developed by SMITH and WATERMAN (Ad. App.

Math., vol.2, p:482, 198 1), by using the local homology algorithm developped by

NEDDLEMAN and WUNSCH (J. Mol. Biol, vol.48, p:443, 1970), by using the method of

similarities developed by PEARSON and LIPMAN (Proc. Natl. Acd. Sci. USA, vol.85,

p:2444, 1988), by using computer softwares using such algorithms (GAP, BESTFIT, BLAST

P, BLAST N, FASTA, TFASTA in the Wisconsin Genetics software Package, Genetics

Computer Group, 575 Science Dr., Madison, WI USA), by using the MUSCLE multiple

alignment algorithms (Edgar, Robert C , Nucleic Acids Research, vol. 32, p:1792, 2004 ) . To

get the best local alignment, one can preferably used BLAST software. The identity

percentage between two sequences of nucleic acids is determined by comparing these two

sequences optimally aligned, the nucleic acids sequences being able to comprise additions or

deletions in respect to the reference sequence in order to get the optimal alignment between

these two sequences. The percentage of identity is calculated by determining the number of

identical position between these two sequences, and dividing this number by the total number

of compared positions, and by multiplying the result obtained by 100 to get the percentage of

identity between these two sequences.

shRNAs (short hairpin RNA) can also function as inhibitors of expression for use in

the present invention.

Ribozymes can also function as inhibitors of expression for use in the present

invention. Ribozymes are enzymatic RNA molecules capable of catalyzing the specific

cleavage of RNA. The mechanism of ribozyme action involves sequence specific

hybridization of the ribozyme molecule to complementary target RNA, followed by

endonucleo lytic cleavage. Engineered hairpin or hammerhead motif ribozyme molecules that

specifically and efficiently catalyze endonucleo lytic cleavage of S100B mRNA sequences are

thereby useful within the scope of the present invention. Specific ribozyme cleavage sites

within any potential RNA target are initially identified by scanning the target molecule for

ribozyme cleavage sites, which typically include the following sequences, GUA, GUU, and

GUC. Once identified, short RNA sequences of between about 15 and 20 ribonucleotides

corresponding to the region of the target gene containing the cleavage site can be evaluated

for predicted structural features, such as secondary structure, that can render the

oligonucleotide sequence unsuitable.



Both antisense oligonucleotides and ribozymes useful as inhibitors of expression can

be prepared by known methods. These include techniques for chemical synthesis such as, e.g.,

by solid phase phosphoramadite chemical synthesis. Alternatively, anti-sense R A molecules

can be generated by in vitro or in vivo transcription of DNA sequences encoding the RNA

molecule. Such DNA sequences can be incorporated into a wide variety of vectors that

incorporate suitable RNA polymerase promoters such as the T7 or SP6 polymerase

promoters. Various modifications to the oligonucleotides of the invention can be introduced

as a means of increasing intracellular stability and half-life. Possible modifications include

but are not limited to the addition of flanking sequences of ribonucleotides or

desoxyribonucleotides to the 5' and/or 3' ends of the molecule, or the use of phosphorothioate

or 2'-0-methyl rather than phosphodiesterase linkages within the oligonucleotide backbone.

Antisense oligonucleotides, siRNAs, shRNAs and ribozymes of the invention may be

delivered in vivo alone or in association with a vector. In its broadest sense, a "vector" is any

vehicle capable of facilitating the transfer of the antisense oligonucleotide, siRNA, shRNA or

ribozyme nucleic acid to the cells and preferably cells expressing S100B. Preferably, the

vector transports the nucleic acid to cells with reduced degradation relative to the extent of

degradation that would result in the absence of the vector. In general, the vectors useful in the

invention include, but are not limited to, plasmids, phagemids, viruses, other vehicles derived

from viral or bacterial sources that have been manipulated by the insertion or incorporation of

the antisense oligonucleotide, siRNA, shRNA or ribozyme nucleic acid sequences. Viral

vectors are a preferred type of vector and include, but are not limited to nucleic acid

sequences from the following viruses: retrovirus, such as moloney murine leukemia virus,

harvey murine sarcoma virus, murine mammary tumor virus, and rous sarcoma virus;

adenovirus, adeno-associated virus; SV40-type viruses; polyoma viruses; Epstein-Barr

viruses; papilloma viruses; herpes virus; vaccinia virus; polio virus; and RNA virus such as a

retrovirus. One can readily employ other vectors not named but known to the art.

Preferred viral vectors are based on non-cytopathic eukaryotic viruses in which non

essential genes have been replaced with the gene of interest. Non-cytopathic viruses include

retroviruses (e.g., lentivirus), the life cycle of which involves reverse transcription of genomic

viral RNA into DNA with subsequent proviral integration into host cellular DNA.

Retroviruses have been approved for human gene therapy trials. Most useful are those

retroviruses that are replication-deficient (i.e., capable of directing synthesis of the desired

proteins, but incapable of manufacturing an infectious particle). Such genetically altered

retroviral expression vectors have general utility for the high-efficiency transduction of genes



in vivo. Standard protocols for producing replication-deficient retroviruses (including the

steps of incorporation of exogenous genetic material into a plasmid, transfection of a

packaging cell lined with plasmid, production of recombinant retroviruses by the packaging

cell line, collection of viral particles from tissue culture media, and infection of the target cells

with viral particles) are provided in Kriegler, 1990 and in Murry, 1991).

Preferred viruses for certain applications are the adenoviruses and adeno-associated

(AAV) viruses, which are double-stranded DNA viruses that have already been approved for

human use in gene therapy. Actually 1 different AAV serotypes (AAVl to 12) are known,

each with different tissue tropisms (Wu, Z Mol Ther 2006; 14:316-27). Recombinants AAV

are derived from the dependent parvovirus AAV2 (Choi, VW J Virol 2005; 79:6801-07). The

adeno-associated virus type 1 to 12 can be engineered to be replication deficient and is

capable of infecting a wide range of cell types and species (Wu, Z Mol Ther 2006; 14:316-

27). It further has advantages such as, heat and lipid solvent stability; high transduction

frequencies in cells of diverse lineages, including hemopoietic cells; and lack of

superinfection inhibition thus allowing multiple series of transductions. Reportedly, the

adeno-associated virus can integrate into human cellular DNA in a site-specific manner,

thereby minimizing the possibility of insertional mutagenesis and variability of inserted gene

expression characteristic of retroviral infection. In addition, wild-type adeno-associated virus

infections have been followed in tissue culture for greater than 100 passages in the absence of

selective pressure, implying that the adeno-associated virus genomic integration is a relatively

stable event. The adeno-associated virus can also function in an extrachromosomal fashion.

Other vectors include plasmid vectors. Plasmid vectors have been extensively

described in the art and are well known to those of skill in the art. See e.g. Sambrook et al,

1989. In the last few years, plasmid vectors have been used as DNA vaccines for delivering

antigen-encoding genes to cells in vivo. They are particularly advantageous for this because

they do not have the same safety concerns as with many of the viral vectors. These plasmids,

however, having a promoter compatible with the host cell, can express a peptide from a gene

operatively encoded within the plasmid. Some commonly used plasmids include pBR322,

pUC18, pUC19, pRC/CMV, SV40, and pBlueScript. Other plasmids are well known to those

of ordinary skill in the art. Additionally, plasmids may be custom designed using restriction

enzymes and ligation reactions to remove and add specific fragments of DNA. Plasmids may

be delivered by a variety of parenteral, mucosal and topical routes. For example, the DNA

plasmid can be injected by intramuscular, intradermal, subcutaneous, or other routes. It may

also be administered by intranasal sprays or drops, rectal suppository and orally. It may also



be administered into the epidermis or a mucosal surface using a gene-gun. The plasmids may

be given in an aqueous solution, dried onto gold particles or in association with another DNA

delivery system including but not limited to liposomes, dendrimers, cochleate and

microencapsulation.

In a preferred embodiment, the antisense oligonucleotide, siRNA, shRNA or ribozyme

nucleic acid sequence is under the control of a heterologous regulatory region, e.g., a

heterologous promoter. The promoter may be specific for Muller glial cells, microglia cells,

endothelial cells, pericyte cells and astrocytes For example, a specific expression in Muller

glial cells may be obtained through the promoter of the glutamine synthetase gene is suitable.

The promoter can also be, e.g., a viral promoter, such as CMV promoter or any synthetic

promoters.

According to the present invention, "airway hyperresponse" or "AHR" refers to an

abnormality of the airways that consists in an exaggerated airway-narrowing response to

many environmental triggers, such as allergen and exercise. AHR can be a functional

alteration of the respiratory system caused by inflammation or airway remodeling. Airway

hyperresponse can be caused by collagen deposition, bronchospasm, airway smooth muscle

hypertrophy, airway smooth muscle contraction, mucous secretion, cellular deposits,

epithelial destruction, alteration to epithelial permeability, alterations to smooth muscle

function or sensitivity, abnormalities of the lung parenchyma and/or infiltrative diseases in

and around the airways. Many of these causative factors can be associated with inflammation.

The present invention is directed to any airway hyperresponse, including airway

hyperresponse that is associated with inflammation of the airway (e.g. eosinophilia and

inflammatory cytokine production).

As used herein, "reducing airway hyperresponse" refers to any measurable reduction

in airway hyperresponse and/or any reduction of the occurrence or frequency with which

airway hyperresponse occurs in a subject. Preferably, airway hyperresponse is reduced,

optimally, to an extent that the subject no longer suffers discomfort and/or altered function

resulting from or associated with airway hyperresponse. A reduction in AHR can be measured

using any suitable method known in the art. Respiratory function can be measured by, for

example, spirometry, plethysmography, peak flows, symptom scores, physical signs (i.e.,

respiratory rate), wheezing, exercise tolerance, use of rescue medication (i.e.,

bronchodialators) and blood gases.



In a particular embodiment airway hyperresponse is associated with allergic

inflammation.

In a particular embodiment, the subject suffers from a airway disease selected from the

group consisting of asthma, chronic obstructive pulmonary disease, allergic

bronchopulmonary aspergillosis, hypersensitivity pneumonia, eosinophilic pneumonia,

emphysema, bronchitis, allergic bronchitis bronchiectasis, cystic fibrosis, tuberculosis,

hypersensitivity pneumonitis, occupational asthma, sarcoid, reactive airway disease

syndrome, interstitial lung disease, hyper-eosinophilic syndrome, rhinitis, sinusitis, exercise-

induced asthma, pollution induced asthma and parasitic lung disease. Preferably the subject

suffers from asthma, chronic obstructive disease of the airways, occupational asthma,

exercise-induced asthma, pollution-induced asthma and reactive airway disease syndrome,

with chronic obstructive disease of the airways. The subject may also suffer from an airway

hyperresponse associated with viral infection such as infections caused by respiratory

syncytial virus (RSV), parainfluenza virus (PIV), rhinovirus (RV) or adenovirus.

The agent of the invention may be administered in the form of a pharmaceutical

composition, as defined below. Preferably, said agent in a therapeutically effective amount.

By a "therapeutically effective amount" is meant a sufficient amount of the agent to treat

AHR at a reasonable benefit/risk ratio applicable to any medical treatment.

It will be understood that the total daily usage of the agent or pharmaceutical

composition comprising thereof will be decided by the attending physician within the scope

of sound medical judgment. The specific therapeutically effective dose level for any particular

subject will depend upon a variety of factors including the disorder being treated and the

severity of the disorder; activity of the specific compound employed; the specific composition

employed, the age, body weight, general health, sex and diet of the subject; the time of

administration, route of administration, and rate of excretion of the specific agent employed;

the duration of the treatment; drugs used in combination or coincidental with the specific

agent employed; and like factors well known in the medical arts. For example, it is well

within the skill of the art to start doses of the agent at levels lower than those required to

achieve the desired therapeutic effect and to gradually increase the dosage until the desired

effect is achieved. However, the daily dosage of the agent may be varied over a wide range



from 0.01 to 1,000 mg per adult per day. Preferably, the compositions contain 0.01, 0.05, 0.1,

0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 250 and 500 mg of the agent for the symptomatic

adjustment of the dosage to the subject to be treated. A medicament typically contains from

about 0.01 mg to about 500 mg of the active ingredient, preferably from 1 mg to about 100

mg of the active ingredient. An effective amount of the drug is ordinarily supplied at a dosage

level from 0.0002 mg/kg to about 20 mg/kg of body weight per day, especially from about

0.001 mg/kg to 7 mg/kg of body weight per day.

The agent of the invention can thus be formulated into pharmaceutical compositions

that further comprise a pharmaceutically acceptable carrier, diluent, adjuvant or vehicle. In

one embodiment, the present invention relates to a pharmaceutical composition comprising an

agent of the invention described above, and a pharmaceutically acceptable carrier, diluent,

adjuvant or vehicle. In one embodiment, the present invention is a pharmaceutical

composition comprising an effective amount of an agent of the present invention or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier, diluent,

adjuvant or vehicle. Pharmaceutically acceptable carriers include, for example,

pharmaceutical diluents, excipients or carriers suitably selected with respect to the intended

form of administration, and consistent with conventional pharmaceutical practices.

A pharmaceutically acceptable carrier may contain inert ingredients which do not

unduly inhibit the biological activity of the agent. The pharmaceutically acceptable carriers

should be biocompatible, e.g., non-toxic, non-inflammatory, non-immunogenic or devoid of

other undesired reactions or side-effects upon the administration to a subject. Standard

pharmaceutical formulation techniques can be employed.

The pharmaceutically acceptable carrier, adjuvant, or vehicle, as used herein, includes

any and all solvents, diluents, or other liquid vehicle, dispersion or suspension aids, surface

active agents, isotonic agents, thickening or emulsifying agents, preservatives, solid binders,

lubricants and the like, as suited to the particular dosage form desired. Remington's

Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa.,

1980) discloses various carriers used in formulating pharmaceutically acceptable

compositions and known techniques for the preparation thereof. Except insofar as any

conventional carrier medium is incompatible with the compounds described herein, such as

by producing any undesirable biological effect or otherwise interacting in a deleterious

manner with any other component(s) of the pharmaceutically acceptable composition, its use

is contemplated to be within the scope of this invention.



Some examples of materials which can serve as pharmaceutically acceptable carriers

include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum

proteins (such as human serum albumin), buffer substances (such as twin 80, phosphates,

glycine, sorbic acid, or potassium sorbate), partial glyceride mixtures of saturated vegetable

fatty acids, water, salts or electrolytes (such as protamine sulfate, disodium hydrogen

phosphate, potassium hydrogen phosphate, sodium chloride, or zinc salts), colloidal silica,

magnesium trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-

polyoxypropylene-block polymers, methylcellulose, hydroxypropyl methylcellulose, wool fat,

sugars such as lactose, glucose and sucrose; starches such as corn starch and potato starch;

cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and

cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and

suppository waxes; oils such as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil;

corn oil and soybean oil; glycols; such a propylene glycol or polyethylene glycol; esters such

as ethyl oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide and

aluminum hydroxide; alginic acid; pyrogen- free water; isotonic saline; Ringer's solution; ethyl

alcohol, and phosphate buffer solutions, as well as other non-toxic compatible lubricants such

as sodium lauryl sulfate and magnesium stearate, as well as coloring agents, releasing agents,

coating agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants

can also be present in the composition, according to the judgment of the formulator.

The compositions described herein may be administered orally, parenterally, by

inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir

depending on the severity of the airway hyperresponse being treated.. The term "parenteral"

as used herein includes, but is not limited to, subcutaneous, intravenous, intramuscular, intra-

articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial

injection or infusion techniques.

Sterile injectable forms of the compositions described herein may be aqueous or

oleaginous suspension. These suspensions may be formulated according to techniques known

in the art using suitable dispersing or wetting agents and suspending agents. The sterile

injectable preparation may also be a sterile injectable solution or suspension in a nontoxic

parenterally-acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among

the acceptable vehicles and solvents that may be employed are water, Ringer's solution and

isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed

as a solvent or suspending medium. For this purpose, any bland fixed oil may be employed



including synthetic mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride

derivatives are useful in the preparation of injectables, as are natural pharmaceutically-

acceptable oils, such as olive oil or castor oil, especially in their polyoxyethylated versions.

These oil solutions or suspensions may also contain a long-chain alcohol diluent or dispersant,

such as carboxymethyl cellulose or similar dispersing agents which are commonly used in the

formulation of pharmaceutically acceptable dosage forms including emulsions and

suspensions. Other commonly used surfactants, such as Tweens, Spans and other emulsifying

agents or bioavailability enhancers which are commonly used in the manufacture of

pharmaceutically acceptable solid, liquid, or other dosage forms may also be used for the

purposes of formulation.

The pharmaceutical compositions described herein may be orally administered in any

orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous

suspensions or solutions. In the case of tablets for oral use, carriers commonly used include,

but are not limited to, lactose and corn starch. Lubricating agents, such as magnesium

stearate, are also typically added. For oral administration in a capsule form, useful diluents

include lactose and dried cornstarch. When aqueous suspensions are required for oral use, the

agent is combined with emulsifying and suspending agents. If desired, certain sweetening,

flavoring or coloring agents may also be added.

Alternatively, the pharmaceutical compositions described herein may be administered

in the form of suppositories for rectal administration. These can be prepared by mixing the

agent with a suitable non-irritating excipient which is solid at room temperature but liquid at

rectal temperature and therefore will melt in the rectum to release the drug. Such materials

include, but are not limited to, cocoa butter, beeswax and polyethylene glycols.

The pharmaceutical compositions may also be administered to the respiratory tract.

Pulmonary delivery compositions can be delivered by inhalation by the subject of a dispersion

so that the agent within the dispersion can reach the lung where it can, for example, be readily

absorbed through the alveolar region directly into blood circulation. Pulmonary delivery can

be achieved by different approaches, including the use of nebulized, aerosolized, micellular

and dry powder-based formulations; administration by inhalation may be oral and/or nasal.

Delivery can be achieved with liquid nebulizers, aerosol-based inhalers, and dry powder

dispersion devices. Metered-dose devices are preferred. One of the benefits of using an

atomizer or inhaler is that the potential for contamination is minimized because the devices

are self contained. Dry powder dispersion devices, for example, deliver drugs that may be

readily formulated as dry powders. A pharmaceutical composition of the invention may be



stably stored as lyophilized or spray-dried powders by itself or in combination with suitable

powder carriers. The delivery of a pharmaceutical composition of the invention for inhalation

can be mediated by a dosing timing element which can include a timer, a dose counter, time

measuring device, or a time indicator which when incorporated into the device enables dose

tracking, compliance monitoring, and/or dose triggering to a subject during administration of

the aerosol medicament. Examples of pharmaceutical devices for aerosol delivery include

metered dose inhalers (MDIs), dry powder inhalers (DPIs), and air-jet nebulizers.

A further object of the invention relates to a method for determining whether a subject

is at risk of having or developing an airway hyperresponse comprising determining the level

of S100B protein in a biological sample obtained from said subject.

As used herein the term biological sample encompasses any sample obtained from the

patient for the purpose of determining whether a subject is at risk of having or developing an

airway hyperresonse. Typically, said biological may be a blood sample or bronchoalveolar

lavage fluid sample.

Determining the level of S100B in the biological sample may be performed by a

variety of techniques. Typically, determining the level comprises contacting the sample with a

binding partner directed against S100B, and thereby detecting the presence, or measuring the

amount, of S100B in the seminal sample. As used herein, the term "binding partner" refers to

any molecule (natural or not) that is able to bind the biomarker with high affinity. Said

binding partners include but are not limited to antibodies or aptamers.

The binding partners of the invention such as antibodies or aptamers may be labelled

with a detectable molecule or substance, such as preferentially a fluorescent molecule, or a

radioactive molecule or any others labels known in the art. Labels are known in the art that

generally provide (either directly or indirectly) a signal. As used herein, the term "labelled",

with regard to the antibody or aptamer, is intended to encompass direct labelling of the

antibody or aptamer by coupling (i.e., physically linking) a detectable substance, such as a

fluorophore [e.g. fluorescein isothiocyanate (FITC) or phycoerythrin (PE) or Indocyanine

(Cy5)]) or a radioactive agent to the antibody or aptamer, as well as indirect labelling of the

probe or antibody by reactivity with a detectable substance. An antibody or aptamer of the

invention may be labelled with a radioactive molecule by any method known in the art. For



example radioactive molecules include but are not limited radioactive atom for scintigraphic

studies such as 1123, 1124, Inl 11, Re186, Re188.

Contacting may be performed in any suitable device, such as a plate, microtiter dish,

test tube, well, glass, column, and so forth. In specific embodiments, the contacting is

performed on a substrate coated with the binding partner. The substrate may be a solid or

semi-solid substrate such as any suitable support comprising glass, plastic, nylon, paper,

metal, polymers and the like. The substrate may be of various forms and sizes, such as a slide,

a membrane, a bead, a column, a gel, etc. The contacting may be made under any condition

suitable for a detectable complex, such as an antibody-antigen complex, to be formed between

the binding partner and the biomarker of the sample.

The presence of S100B can be detected using standard electrophoretic and

immuno diagnostic techniques, including immunoassays such as competition, direct reaction,

or sandwich type assays. Such assays include, but are not limited to, Western blots;

agglutination tests; enzyme-labeled and mediated immunoassays, such as ELISAs;

biotin/avidin type assays; radioimmunoassays; Immunoelectrophoresis; immunoprecipitation,

etc. The reactions generally include revealing labels such as fluorescent, chemiluminescent,

radioactive, enzymatic labels or dye molecules, or other methods for detecting the formation

of a complex between the antigen and the antibody or antibodies reacted therewith.

The aforementioned assays generally involve separation of unbound protein in a liquid

phase from a solid phase support to which antigen-antibody complexes are bound. Solid

supports which can be used in the practice of the invention include substrates such as

nitrocellulose (e. g., in membrane or microtiter well form); polyvinylchloride (e. g., sheets or

microtiter wells); polystyrene latex (e.g., beads or microtiter plates); polyvinylidine fluoride;

diazotized paper; nylon membranes; activated beads, magnetically responsive beads, and the

like.

More particularly, an ELISA method can be used, wherein the wells of a microtiter

plate are coated with an antibody against the protein to be tested. A biological sample

containing or suspected of containing the marker protein is then added to the coated wells.

After a period of incubation sufficient to allow the formation of antibody-antigen complexes,

the plate (s) can be washed to remove unbound moieties and a detectably labeled secondary

binding molecule added. The secondary binding molecule is allowed to react with any

captured sample marker protein, the plate washed and the presence of the secondary binding

molecule detected using methods well known in the art.



The methods of the invention may further comprise a step consisting of comparing the

expression level of S100B with a reference value, wherein detecting differential in the

expression of the level determined in the sample and the reference value is indicative whether

the subject is at risk for having or developing airway hyperresponse.

In one embodiment, the reference value may be index values or may be derived from

one or more risk prediction algorithms or computed indices for airway hyperresponse event.

A reference value can be relative to a number or value derived from population studies,

including without limitation, such subjects having similar body mass index, subjects of the

same or similar age range, subjects in the same or similar ethnic group, subjects having family

histories of airway diseases, or relative to the starting sample of a subject undergoing

treatment for airway disease that can give rise to airway hyperresponse. In one embodiment of

the present invention, the reference value is derived from the level of S100B in a control

sample derived from one or more subjects who are substantially healthy (i.e. subject with no

airway hyper response). Such subjects who are substantially healthy lack traditional risk

factors for airway hyperresponse: for example, non-current smoker, no history of diagnosed

airway disease. In another embodiment, such subjects are monitored and/or periodically

retested for a diagnostically relevant period of time ("longitudinal studies") following such

test to verify continued absence of airway hyper response events. Such period of time may be

one year, two years, two to five years, five years, five to ten years, ten years, or ten or more

years from the initial testing date for determination of the reference value. Furthermore,

retrospective measurement of S100B levels in properly banked historical subject samples may

be used in establishing these reference values, thus shortening the study time required,

presuming the subjects have been appropriately followed during the intervening period

through the intended horizon of the product claim. Typically, the level of S100B in a subject

who is at risk for airway hyperresponse is deemed to be higher than the reference value

obtained from the general population or from healthy subjects.

The invention will be further illustrated by the following figures and examples.

However, these examples and figures should not be interpreted in any way as limiting the

scope of the present invention.

FIGURES:



Figure 1 : kinetics of apparition of S100B protein in lung and sera after LPS

instillation in wt mice. Groups of 5 mice were instillated with LPS (10µ ) and euthanatized

at different time points (0, 30min, 2h, 4h and 6h). Apparition of inflammation was controlled

by measuring the neutrophils recruitment (A), IL6, TNF-a and SI00b concentration ^g/ml)

in lung (B) and sera (C). LPS induced a production of S100B in lung until 30min (C) and in

sera until 4h. All the results were expressed by mean+sem.

Figure 2 : Evaluation of the airway hyper response in S100b+ ~ and S100b mice.

Intranasal administration of the control saline (NaCl) solution did not affect the PenH in wt

neither in S100b + (A) and SlOOb (B). The experiment was done twice with 5 mice for each

condition. The loss of one copy of S100B gene tended to decrease PenH values (A) whereas

these values were significantly decreased in SI 00b mice (B). The lung inflammation was

measured by the recruitment of neutrophils (C), IL6 and TNF-a cytokines (D) and the

myeloperoxidase activity (MPO) in BALFs. NaCl did not affect any of the parameters. LPS

cellular and inflammatory responses did not showed any modifications for the measured

parameters in heterozygote or homozygote mutants compared to wt.

Figure 3 : Treatment with SlOOB-antibody reduced LPS dependent airway hyper

response. Groups of 5 mice treated with control isotonic NaCl solution, LPS or LPS plus 1 or

2mg of S100B antibody. The experiment was done twice on C57BL/6J mice lmg of S100B

antibody was sufficient to decrease PenH values (A) but the response was more homogenous

with 2mg. The presence of the S100B antibody did not modify the neutrophils recruitment

(B), MPO activity (C) or TNF-a (D) and IL-6 (E) concentration in BALFs 24H after LPS

stimulation.

Figure 4 : Characterization of the S100B antibody effect on Prmt2+ ~ mice, a model

of exaggerated LPS response. (A) Prmt2 +/ mice instillated with LPS showed an exacerbated

AHR, compared with control mice treated with an isotonic saline solution (NaCl). The

response was significantly decreased with administration of 2mg of S100B antibody. The

Prmt2 +/ mice had an increased inflammation after LPS instillation characterized by an

increase in neutrophils recruitment (B), in MPO activity (C) as well as in TNF-a (D) and IL-6

(E) concentration in BALFs, compared to wt mice. The administration of S100B antibody did

not modify the increased lung inflammatory response suggesting an independent role of



Prmt2 and S100B in the regulation of lung inflammation. All the results were expressed by

mean+sem. Student's t-test: *P<0.05.

Figure 5: Expression of SlOOb in the MslYah mouse model. (A) The concentration

of SI00b was found lower in the BALF 90m min after systemic injection of LPS in control

and MslYah mutant mice compared to control mice. No change was observed after saline

control solution (NaCl) injection (A) or in plasma serum (B). The expression of SlOOb was

increased in the lung of Prmt2 mutant mice 2h after LPS stimulation compared to MslYah

(C). Student's t-test: **P<0.01.

Figure 6: SlOOb neutralizing antibody reduced lung response in the OVA model.

(A) The recruitment of eosinophils was observed after OVA sensitized BALB/cJ mice

compared to control mice (groups of n=6 individuals; repeated twice). (B) SlOOb

concentration increased in the serum of BALB/cJ after the last OVA sensitization and

Methacholine (Mch) enhanced the production of S100B 24 hours after the last ovalbumin

injection. No respiratory effect was found if the mice are not sensitized to OVA and treated

16h before Mch with the neutralizing antibody. On the contrary the neutralizing antibody

injected 16h before the last OVA sensitization decreased significantly the Penh values in

treated mice compared to non-treated. Student's t-test: *P<0.05.

Figure 7 : immunohistostaining of SlOOb protein on hematoxylin stained lung

sections from wt mice 4h after NaCl (A, B, D) or LPS treatment (C,E) (original

magnification: A : x40; B-E: x20). (A) Rare cells, probably resident alveolar macrophages

(A), were SlOOb positive in non-stimulated lung. (B-E) Number of cells expressing S100B

was clearly increased after LPS instillation in the alveoli (B-C) and around the bronchioles

(D,E).

EXAMPLE 1: THE S100 CALCIUM BINDING PROTEIN B REGULATES

AIRWAY RESPONSES IN LPS-INDUCED ACUTE LUNG INJURY AND

O ALBUMIN-INDUCED ASTHMA MODELS

Introduction:



The prevalence of respiratory diseases (RD), such as asthma, has increased over the

last decades (Umetsu et al, 2002). To better understand the pathophysiology, identify key

markers and test therapeutic strategies, models of RD have been developed in mice (Matute-

Bello et al, 2008; Nials and Uddin, 2008). As such, the instillation of lipopolysaccharides

(LPS) induced pulmonary response in mice, similar to acute lung injury, and the sensitization

to ovalbumine (OVA) followed by metacholine stimulation is currently used to model asthma.

Those RD models trigger the inflammatory and the immune responses, with specific actions

on the lung epithelial cells.

After LPS stimulation, the airway displayed a hyperresponse that can be monitored by

non-invasive plethymography. Macrophages and neutrophils are recruited and activated in the

airways and pro-inflammatory cytokines, such as TNF-a and IL-6, are produced locally.

Briefly, LPS, associated or not with additional molecules, binds to its receptor, TLR4, that

leads to the activation of the NF-κΒ transcription factor which translocates to the nucleus

where it stimulates the transcription of genes (Dalloneau et al., 201 la; Karin and Ben-Neriah,

2000; Takeda and Akira, 2007). Beside the classical pathway, LPS induces an increase of the

expression of AGER, the "Advanced Glycosylation End product-specific Receptor" (also

called RAGE), in the broncho-alveolar space (Uchida, 2006) and of its ligand the SI 00

calcium binding protein B, SI00b (Morbini et al., 2006). AGER belongs to the superfamily of

immunoglobulins of cell surface receptor. AGER interacts with the TLR signaling pathways

through TIRAP and MyD88 to regulate inflammatory responses and other functions

(Sakaguchi et al, 201 1b). AGER is expressed in a constitutive way during the development,

and then its expression is restricted in certain tissues at the adulthood (Brett et al, 1993;

Sasaki et al, 2001). However, its expression is more important in the lung where it is found in

the type I and II alveolar pneumocytes, in macrophages and in the bronchoepithelial cells

(Cheng et al, 2005; Dahlin, 2004; Morbini et al, 2006).

SI00b is one of the AGER ligands and belongs to a family of 25 proteins with Ca +-

binding properties (Donato, 2001; Donato et al, 2009). Like other members of the family,

SI00b encompasses two Ca +-binding sites of the EF-hand type, interconnected by a hinge

region, and a C-terminal region (Donato, 1999). SI00b exists either as a homodimer

(Rustandi et al, 2000) or as an SlOOb/SlOOal heterodimer (Donato, 2001). SlOOb is

expressed in a restricted number of cell types with different outcomes depending on the cell

type and the microenvironment. Intracellular SI 00b can alter cell proliferation and

differentiation (Arcuri, 2004), modulates the microtubule assembly (Donato, 1988), regulates

the p53 dependent transcription (Wilder et al, 2006) or inhibits apoptosis and differentiation



(Donato et al, 2009). In addition SlOOb is released by astrocytes into the extracellular space

(Eldik and Zimmer, 1987) and it is also found in the serum (Donato et al, 2009). As an

extracellular factor, SlOOb interacts with AGER and leads to beneficial or detrimental

outcomes depending on the concentration of the protein, the cell type and the

micro environment (Donato et al, 2009). In the human lungs, SlOOb is expressed, at the level

of the peri-bronchial nerves and interstitial dendritic cells (Morbini et al, 2006). The binding

of SlOOb to AGER activates the endothelial cells and muscular lung cells, the monocytes as

well as the lymphocytes T, which involves the production of the cytokines and the molecules

of pro-inflammatory adhesion (Donato et al, 2009; Hofmann et al, 1999; Yan et al, 2003).

In this study, we continued further the analysis of the Ms 1Yah mice that carries a

deletion of the Col6al-Prmt2 genetic interval and displays a stronger inflammatory response

and an inhibited airway hyperresponse (AHR) after LPS stimulation (Besson et al, 2007). We

demonstrated, the role of Prmt2 in the exaggerated inflammatory response and AHR which is

a response stronger and opposite to the MslYah LPS-induced phenotype (Dalloneau et al,

201 1a). We found a new candidate with SlOOb produced in lung and sera after LPS

instillation in mice. Thus we investigated the consequences of altering the SlOOb function,

either by using knock-out approach or with neutralizing antibodies, and we found that SlOOb

was a key player in controlling the LPS-induced AHR. In addition we demonstrated that the

neutralizing antibody treatment reduced metacho line-induced airway reactivity in the OVA

sensitization model of asthma. These observations put SlOOb as a main contributor of the

cascade regulating bronchial hyperreactivity and highlighted SlOOb blockade as a potential

therapeutic strategy for treating RD including acute lung injury and asthma.

Material and methods:

Mouse strains

The S100B + mice were described by Xiong et al. (44) carrying a deletion of the Exon

2 of SlOOb (which includes the ATG translation initiation codon) and its flanking 5 ' and 3'

intron sequences which were replaced with a neomycin resistance (neo) selection cassette.

The presence of the wild type and mutant SlOOb allele were identified by PCR in standard

conditions with two pairs of primers. The Prmt2 and MslYah mutant mice have been

described previously (Besson et al, 2007; Dalloneau et al, 201 lb; Yoshimoto et al, 2006).

Endotoxic shock induced by administration of LPS



Animals (n=10) were treated by intranasal instillation with either isotonic saline

solution or 10 µg of LPS (Escherichia coli, serotype 055B5, 10 mg, Sigma-Aldrich, St Louis,

USA) in deep anaesthesia lmg or 2mg of polyclonal anti-SlOOB antibody (Santa cruz) were

administrated by i.p. 16h before the LPS instillation.

Airways resistance and broncho-alveolar lavagefluids

Animals (n=10) were treated by intranasal instillation with either isotonic saline

solution (NaCl 0.9%) or 10 µg of LPS (Escherichia coli, serotype 055B5, 10 mg, Sigma-

Aldrich, St Louis, USA) in deep anaesthesia. Airway response was investigated over a period

of 6 h after treatment using whole-body plethysmography and measurements of the PenH, a

dimensionless parameter that accounts for the respiratory profile, taken in consideration the

period of expiration and the variations of pressure measured in a closed chamber during the

respiratory cycle (EMKA Technologies, Paris, France). PenH can be conceptualized as the

phase shift of the thoracic flow and the nasal flow curves. Increased phase shift correlates

with increased respiratory system resistance. PenH is calculated by the formula PenH

=(Te/RT- 1) X PEF/PIF, where Te is expiratory time, RT is relaxation time, PEF is peak

expiratory flow, and PIF is peak inspiratory flow (Togbe et al, 2007). Data are analyzed

using Datanalyst software (EMKA Technologies) and expressed as mean ± sem (standard

error of the mean). Twenty-four hours after stimulation, mice were euthanized and BALFs

were analyzed for cell composition and cytokines quantification as described previously

(Besson et al, 2007). An aliquot was stained with Trypan Blue solution and analyzed to

determine cellular content. After centrifugation on microscopic slides, air-dried preparations

were fixed and stained with Diff-Quick (Merz & Dade) using a May-Grunwald-Giemsa

coloration. Two hundred cells were counted twice for the determination of the differential

counts of each cell type in the BALF. Part of the lung was stored at -80C° for the

myeloperoxidase (MPO) assay (Besson et al, 2007; Dalloneau et al, 201 la).

Measurement of cytokines, and myeloperoxidase assay

IL-6 and TNF-a concentration were estimated by Elisa Test, in standard condition

with the protocol of the supplier (RnD Systems). The sera were diluted at ¼ and the BALFs

were used undiluted. The 96-wells plate was read by the reader EL 800 (BIO-TEK

INSTRUMENTS). For the MPO measurement, the right heart ventricle was perfused with

saline to flush the vascular content, and lungs were frozen at -80°C until use. Lung was

homogenized by polytron and centrifuged, and the supernatant was discarded. The pellets



were resuspended in 1ml of PBS containing 0.5% hexadecyltrimethyl ammonium bromide

(HTAB) and 5mM EDTA. After centrifugation, 50µ1of supernatants were placed in test tubes

with 200 µ1of PBS-HTABEDTA, 2ml HBSS, ΙΟΟµΙ of o-dianisidine dihydrochloride (1.25

mg/ml), and ΙΟΟµΙ of H202 0.05%. After 15 min of incubation at 37°C in an agitator, the

reaction was stopped with ΙΟΟµΙ of NaN3 1%. The MPO activity was determined as

absorbance at 460 nm against medium.

Systemic Endotoxic shock induced by administration of LPS

Mice received an intra-peritoneal injection of 100µg of LPS (serotype 055B5) (n=10)

or saline control solution (n=6) to evaluate the systemic inflammatory response in vivo

(Besson et al, 2007). After 90min, mice were euthanized, the blood was collected through the

femoral vein and centrifuged at 2000rpm for 15min and serum was collected and stored at -

20°c for cytokines assays. Then, the chest is opened and the lung is washed by injecting 10 ml

of PBS into the right ventricle of the heart. The lungs fade to white. The heart-lung block is

then removed, then the lungs were isolated and stored in a tube immersed in liquid nitrogen.

The lungs were used to study the expression of target genes by QRT-PCR.

OVA sensitization and lung response

We developed an acute murine model for asthma. Male BALB/cJ mice were sensitized

on days 1 and 7 by intra-peritoneal injection of ΙΟΟµΙ of a solution composed by 0,5mg/ml of

OVA (ovalbumine, OVA, grade V- Sigma) adsorbed in 20mg/ml of aluminum hydroxide

(Sigma A8222, Sigma-Aldrich) in sterile NaCl 0,9%. Then mice were challenged to

ovalbumine at days 18 to 21. For that, mice were anesthetized with ketamine (50mg/kg) and

xylazine (3,5mg/kg) and were instillated with 25µ ΐ of a solution of 0,4 mg/ml of OVA. On

day 17, 16h before the first challenge, a group of mice received 2mg of anti-SlOOB antibody

(Santa Cruz) by i.p. The control group was sensitized and challenged with NaCl 0,9%> only.

The bronchial reactivity was assessed by whole body plethysmography on day 22, between 18

and 24h after the last challenge, as described above. The sera, BALFs and lungs samples were

collected on day 22, just after the plethysmography acquisition. Experiment was done twice

for a total number of 12 animals per groups. The protocol for the acquisition on the

plethysmograph consists to 30 min of stabilization of the mice (without recording of the

values), then 30 min of measurement of the basal values (recorded, called basal), then a

nebulisation of 30sec of NaCl 0.9%> followed by 30 min of record of the signals, then four



nebulisation of 30 seconds of increasing amount of methacholin (0.05; 0.1; 0.2 and 0.3M)

separated by 20min of record of the signal. Data are then processed with Datanalyst software.

Immunodetection of SI 00b

For immunodetection of S100B, a-actin and SV2, lungs were fixed by immersion in

ice-cold 4% (w/v) PFA in PBS during 6 hours, washed in PBS and embedded in paraffin.

Prior to immunostaining, the histological sections from paraffin-embedded tissues were

collected on glass slides, treated with Tris-EDTA Buffer (lOmM Tris Base, ImM EDTA

Solution, 0.05% Tween 20, p H 9.0) in a bath at 94°C during 4 0 minutes. For

immunostaining, the sections were incubated overnight at 4°C with the rabbit polyclonal

antibody S100B (dilution 1/10 000, HPA015768, Sigma Aldrich) alone for chromogen

immunostaining or either combined with the mouse monoclonal antibodies SV2 (dilution

1/500, SV2-c, Developmental Studies Hybridoma Bank) or actin, a smooth muscle (dilution

1/10 000, A 5228, Sigma Aldrich) for double immunofluorescence stainings. For chromogen

immunostaining of SlOOb, detection of the primary antibody was achieved using the elite

vectastain ABC technique (PK-6101, Vector), according to manufacturer's instructions.

Peroxydase was revealed using diaminobenzidine tablets (D4168, Sigma Aldrich). For

immunofluorescence, detection of primary antibody was achieved by incubating the sections

for 1 hour at room temperature using a Cy3-conjugated goat anti-rabbit IgG (Jackson

Immuno Research Laboratories) (for S100B) or Alexa-Fluor-488-conjugated mouse antibody

(Molecular Probes; for SV2 and actin) diluted at 1/500. The sections were counterstained with

DAPI.

Statistical analysis

Statistical analysis was performed using either the parametric Fischer Student's t-test

when applicable or the non-parametric Wilcoxon Mann-Whitney's U test via the Statgraphics

software (Centurion XV, Sigma plus, Levallois Perret). Values are presented as mean±SEM

and the significant threshold was P < 0.05 or otherwise indicated.

Study approval

All mouse procedures were approved by the local ethical committee of the ICS or the

TAAM. YH, as the principal investigator in this study, was granted the accreditation 45-31

and 67-369 to perform the reported experiments.



Results:

SI 00b is expressed in lung and sera after LPS stimulation

To investigate the role of SI00b in the LPS-induced respiratory and inflammatory

responses, we first checked the production of the protein after LPS challenge. Groups of

C57BL/6J (B6) mice were instillated with LPS (10µg) and euthanized at different time points

(0, 30min, 2h, 4h, and 6h). We evaluated the lung inflammation by measuring the number of

macrophages, neutrophils, and lymphocytes, plus the concentration of two pro-inflammatory

cytokines, TNF-a and IL-6, in the broncho-alveolar lavages fluids (BALFs; figure 1).

Between 0 and 2h macrophages were the main cell type found in BALFs. Neutrophils started

to be recruited after 2h and we observed a shift with a decrease of macrophages and an

increase of neutrophils between 2h and 4h (figure 1A). TNF-a was already detected at 0 and

30 min at weak concentration and was strongly produced until 2h after the LPS challenge

(figure IB). Secretion of IL-6 started at 30min with an important increase at 2h (figure IB).

SI00b was strongly produced in BALFs at 30min after the LPS stimulation, showing a pick of

accumulation at 2h followed by a slow decrease after LPS treatment (figure 1). We observed

the same phenomenon in sera where TNF-a was already present at low level at Omin. The

serum concentration of TNF-a, IL-6 and SI00b increased in a sensitive way 4h after the LPS

stimulation (figure 1C). All these results showed that SI00b displayed the same kinetics as

pro-inflammatory cytokines in both lung and blood serum. Thus SI00b is a marker of the lung

response with a kinetic of accumulation quite similar to pro-inflammatory cytokines directly

controlled by LPS.

LPS instillation led to a reduced AHR in Sl Ob mice without affecting the

inflammation in lung

According to the accumulation of SI00b in the BALF, we monitored changes in the

lung following LPS challenge in SI 00b mutant mice. We used whole body plethysmography,

and we scored the parameter of pause enhanced time (PenH) that reflects the respiratory

pattern to evaluate lung response to LPS in SI 00b mutant mice. As shown previously

MslYah mice carrying a single copy of SlOOb have a reduced respiratory response after LPS

instillation (Besson et al, 2007). To investigate the precise role of SI00b in the AHR, we

used a loss-of-function allele of SlOOb (Xiong et al, 2000) and we compared control wild-

type (wt) animal, heterozygote (S100b +/~) and homozygote {SlOOb ' ) mutant individuals

instillated with LPS (10µg) or saline (NaCl) control solution. Treatment with saline solution



did not affect the respiratory function as assessed by PenH in wt mice and both SI 00b and

SlOOb (figure 2 A-B). The instillation of LPS induced an AHR characterized by an increase

in the PenH values superior to 5 in wt mice. The PenH values tended to decrease in SlOOb

(figure 2B) whereas the AHR was significantly decreased in SlOOb mice (figure 2A). The

loss of the two copies of SI 00b had a major impact on the AHR induced by LPS stimulation.

MslYah mice instillated by LPS have an enhanced recruitment of inflammatory cells

and production of TNF-a and IL-6 in the broncho-alveolar space in comparison with wild-

type mice (Besson et al., 2007) that we correlated with Prmt2 (Dalloneau et al., 201 la). We

investigated the involvement of SI00b in the local inflammatory response. 24h hours after the

instillation of LPS or saline control solution, we measured the inflammation induced by LPS

in wild-type, S100b +/ and SlOOb ' mice. We followed the neutrophils recruitment (figure 2C),

myeloperoxidase (MPO) activity (figure 2D) and the concentration of TNF-a and IL-6 (figure

2E) in BALFs. The mice instillated with the saline control solution did not present any

changes in the type of inflammatory cells recruitment. The measured inflammatory

parameters do not present any changes between wt and both S100b +/ or SlOOb ' mice. Thus

we demonstrated here that altering the SlOOb gene function strongly impaired the AHR

induced by LPS but did not interfere with the inflammatory response in lung.

Neutralizing anti-SlOOb antibody reduced AHR in C57BL/6J mice without affecting

the inflammation in lung

The inactivation of SlOOb reduced the lung response after LPS treatment without

modifying the secretion of inflammatory signals. We then asked whether a neutralizing

antibody directed against SlOOb could alter the AHR induced by the LPS. Using injection of a

polyclonal anti-SlOOb antibody we performed a passive immunization in wild-type C57BL/6J

(B6) mice. We compared three groups of B6 mice with 5 individuals: one treated with control

saline solution, another positive control instillated with LPS and two additional ones with

Intra-peritoneal injection i.p. of either lmg or 2mg of polyclonal antibody against SlOOb, 16h

before receiving LPS (Vandal et al, 2003b). The experiment was carried out twice

independently to reach n=10 individuals per group. The anti-SlOOb pre-injection lead to a

significant decrease in the PenH values compared to mice which received only the LPS. lmg

of the antibody was sufficient to reduce the AHR however the response was more

homogenous with 2mg (figure 3A). Anti-SlOOb had no effect on the inflammation observed

in BALFs since none of the measured parameters were modified in mice which received lmg

or 2mg of antibody plus LPS compared to mice stimulated with LPS alone (figure 3B-E). In



addition no abnormal behavioral changes were noticed in the treated mice. Similar results

were observed in BALB/cJ mice treated with the neutralizing antibody in similar conditions

(Data not shown). All the results obtained confirmed that SI00b is involved is the AHR

induced by LPS. The activity of SlOOb can be completely attenuated by a neutralizing

antibody without strong consequence on the inflammation during LPS challenge.

Neutralizing anti-SlOOb reduced AHR in Prmt2 + ~ mice a model of exaggerated LPS

responses.

Prmt2 +/ mutant mice present a delayed but exacerbated AHR after LPS instillation

compared to wt (Dalloneau et al, 201 1a). These mice also present an increased pro

inflammatory response in both sera and BALFs. We then tested the action of the SI00b

antibody on the exaggerated airway response observed in Prmt2 deficient mice. The

experiment was done on Prmt2 +/ mice as described in the paragraph before. The anti-SlOOB

treatment lead to a significant decrease in the PenH values compared to mice which received

only the LPS (figure 4A). The Prmt2 +/ mice treated with the S100B antibody displayed the

same exacerbated inflammatory response with higher level of TNF-a and IL-6 secreted in

BALFs similar to the Prmt2 +/ mice which received only the LPS, in comparison to wt mice

(figures 4B-E). Similar result was found for the Prmt2 homozygote mutants (data not shown).

We then followed SlOOb response after systemic injection of LPS. SlOOb was found

secreted more importantly in the lungs rather that in the serum (figure 5 A,B). Interestingly,

the expression of SlOOb was further stimulated by the loss of function of Prmt2 in mutant

mice, reinforcing the hypothesis that SlOOb is key to the lung AHR induced by LPS (figure

5C). These results confirmed on one hand the involvement of SlOOb in the AHR induced by

LPS, and on the other hand that SlOOb is not a major actor of the induction of the

inflammatory response induced by LPS. It confirms (1) that SlOOb should act through a

Prmt2 dependent pathway in the LPS-induced inflammatory response, the NF-Kb

transcription factor that is controlled by the LPS/TLR4 and the SlOOb/AGER signaling

pathway; and (2) that both inhibition of Prmt2 and SlOOb function is needed to recapitulate

the LPS-induced phenotype in the Msl Yah mutants (Besson et al, 2007).

Neutralizing anti-SlOOb reduced AHR in the OVA mouse model of asthma

The SlOOb antibody reduced AHR induced by LPS in wt and Prmt2 / mice. Thus we

explored the efficiency of SlOOb in another lung challenge, the ovalbumine (OVA) murine

model of asthma. After sensitization with ovalbumin, BALB/cJ mice displayed an AHR and a



tissues inflammation after further challenge with metacholine. Pulmonary allergic asthma

requires the installation of an inflammatory response mediated by Lymphocytes T helpers 2

(type LTh2). These cells produce IL-4, triggering the recruitment of eosinophils to the site of

the inflammation. We first checked the production of SI00b in this OVA-induced asthma.

Two groups of five mice were sensitized to ovalbumine at days 0 and 7 and challenged with

the allergen on days 18, 19, 20 and 21. On day 22 one group received increased amount of

metacholin (Mch, 0,05; 0,1; 0,2 and 0,3M). Mice were sacrificed at t=0, 2h, 6h and 24h and

BALFs and we evaluated the recruitment of eosinophils and the SI00b production (figure 6).

The eosinophils were recruited until 2h and were still present in the BALFs 24h after the last

challenge. SI00b was detected in the sera at 6h but decrease at 24h in the group without Mch.

The metacholin appeared to amplify the response: the mice having challenged with Mch

showed a concentration of SI00b higher than that found in the mice without challenge. Then

we checked the effect of the antibody against SI00b in na ve mice and sensitized mice (figure

6C-D). Two groups of 6 mice were sensitized and then challenged to ovalbumine as described

below, before measuring the respiratory function at day 22 with a Mch challenge.

One group received 2mg of the S100B antibody on day 17, 16h before the OVA

challenge. The experiment was repeated twice independently. No significant effect was

observed in control naive mice which respond normally to the Mch challenge (figure 6C).

After OVA sensitization, mouse displayed a hyperreactivity to Mch and we found that the

more important the amount of Mch is, the more the effect of the antibody is marked (figure

6D). Indeed, mice which received the antibody tend to have lower values of PenH compared

to control mice. The inhibition of the SI00b protein decreased the Mch-induced

hyperreactivity in the OVA model of asthma. These results let foresee the therapeutic impact

of a molecule able to inhibit the activity of SI00b, in particular in the lung diseases such as

asthma.

SI 00b is expressed in lung and increased after LPS stimulation.

SlOOb-directed neutralizing antibody is able to reduce the AHR without modifying the

LPS-induced inflammatory response. We then tried to decipher what are the cellular

components of the SI00b response? In order to detect SI00b in the murine lung before and

after LPS treatment, we performed immunohistochemistery on mouse lung tissue sections. In

normal conditions with NaCl treatment, SI00b was found scattered in cells of the alveolar

walls. A few expressing cells were found in the inter-alveolar spaces and were identified as

macrophages (figure 7A) based on their location and morphology. Four hours after LPS



instillation, SI00b expression was much higher in LPS-treated lungs compared to control

NaCl-treated lungs (Figure 7B-E). Hematoxylin & eosin (H&E) staining of lung sections after

four hours of instillation with LPS revealed an increase in inflammatory cells, essentially

neutrophils and macrophages expressing SlOOb, in the alveolar and peri-bronchiolar spaces of

the lung. Using immunofluorescence, we found that SlOOb expressing cells were essentially

found in interstitial spaces of the alveoli and around bronchioli similar as the inflammatory

cells that were observed on H&E sections showing that SlOOb was expressed in the

macrophages and neutrophils recruited after LPS instillation.

As LPS-mediated AHR was no more observed in anti-SlOOB treated mice, we

checked the expression of S100B in the peri-bronchiolar smooth muscle cells and nervous

plexus which are both involved in the response of the lung. Expression of SlOOb was found in

nerve bundles underlying the bronchial epithelium and in the neuro-epithelial bodies (NEB)

as shown by the double immunofluorescence stainings with the pan-neural marker, synaptic

vesicular protein 2 (SV2) known to be expressed in the NEB and airway neural networks.

SlOOb was not expressed in peri-bronchiolar smooth muscle cells as shown by the double

immunofluorescence staining with a smooth muscle a-actin antibody. Overall partial

expression of SlOOb was seen in the SV2 expressing nerves showing that SlOOb would be

restricted to particular regions of the nerves.

Discussion:

In this report we demonstrated a new role of SlOOb in the regulation of the respiratory

function in the LPS model of acute lung injury (ALI) and in the OVA model of asthma.

SlOOb had a dose dependent effect on the regulation of the AHR induced by LPS without

changes in key inflammatory parameters. The use of a neutralizing antibody against SlOOb

allowed a significant reduction of the LPS-induced AHR in C57BL/6J, BALB/cJ and Prmt2

deficient mice (Dalloneau et al, 201 lb). SlOOb was secreted in the BALF from the stimulated

resident macrophages and the recruited neutrophils near the smooth muscle cells in the alveoli

and at the bronchiole, suggesting a potential interference of SlOOb with the control of

muscular contraction during AHR.

The interaction of SlOOb with the receptor AGER induces in vivo, the activation of the

NF-KB transcription factor (Yan et al., 1994), and subsequently the production of IL-6, in

particular in the liver and the lungs (Schmidt et al., 2000) as well as the expression of TNF -a

(Hofmann et al., 1999). AGER is known to contribute to the inflammatory response either



with an indirect or a direct interaction with LPS during the septic shock (Yamamoto et al,

201 1) or in the lungs (Yamakawa et al, 201 1). AGER has been proposed as a marker of lung

injury (Su et al, 2009) and its expression was increased after LPS stimulation (Zhang et al,

2008). Crosstalks between the AGER and the TLR4 signaling cascade have been already

described but for another ligand of AGER (Park et al, 2006; Qin et al, 2009). Here, we found

a direct impact of SI00b on the AHR in two lung challenges with no difference in the LPS-

induced inflammatory response, in SI 00b mutant mice. No changes in cellular recruitments

and in pro -inflammatory cytokines secretion were observed. The expression of IL-6 and TNF-

a was not impacted suggesting that no modification of TLR 4/NF-KB pathway even in the

absence of SI00b in mutant mice or using the neutralizing antibodies. We found that SI00b

expression was regulated by the LPS and even upregulated when Prmt2 an indirect inhibitor

of NF-kb is inactivated (Dalloneau et al, 201 1a). Such LPS dependent expression of SlOOb

has been observed in astrocytes and microglia (Donato et al, 2009; Guerra et al, 201 1).

SI00b signals through the AGER that shares common intermediates with the

TLR4/TIRAP/M YD88/NF-kB pathway, contributing to the airway and inflammatory

responses in the models of acute lung challenges (Sakaguchi et al, 201 la).

Trisomic and partial monosomic 2 1 patients present an increased sensitivity to

respiratory infections which represent actually the main cause of death of the patient (Day et

al, 2005; Pandit and Fitzgerald, 2012). To decipher this phenomenon, we developed different

murine models of aneuploidy for regions of human chromosome 2 1 (Herault et al., 2012;

Raveau et al, 2012). We previously demonstrated that the MslYah model displayed an

absence of AHR induced by LPS (Besson et al, 2007). Prmt2 was a gene deleted in the

MslYah model. It belongs to the protein arginine methyltransferase family and it regulates

the nuclear accumulation of NF-kb. We showed that the expression of Prmt2 was dosage

sensitive and decreased after LPS treatment (Besson et al, 2007; Dalloneau et al, 201 1a).

The study of the respiratory pattern of mice deficient for one or two copies of Prmt2 showed

an exacerbated AHR which is also delayed and maintained in time compared to wt mice

(Dalloneau et al, 201 1a). This result pointed that at least another gene of the Prmt2-Col6al

region is involved in the control of AHR observed in MslYah mice. Then we focused our

attention on SlOOb found expressed in lung (Besson et al, 2007). The present study of the

respiratory pattern, after LPS instillation, showed a dosage effect of SlOOb on the regulation

of the AHR. The PenH values tended to decrease in SlOOb mice and were significantly

decreased in SlOOb 1 mice. We demonstrated for the first time a clear role of SlOOb in LPS-

induced AHR induced in a dose dependent manner. Similarly SlOOb was found increased in



the OVA model of asthma and neutralizing antibodies can prevent part of the metacholine-

induced constriction after sensitization and challenge. SI00b was essentially known to be a

marker of some types of cancer (Hwang et al, 2010), brain injury (Zurek and Fedora, 201 1)

and cardiac arrest (Song et al., 2010), but now SI00b should be considered as a marker of

lung response.

The loss of function SlOOb leads to an improvement of the respiratory function

without modifying the inflammatory response in lung in mutant mice. Initially, we checked

that the inhibition of SI00b, in wild mice recapitulates the phenotype observed in SlOOb

mice. We then used a blocking antibody to explore the function of SI00b in respiratory

function. The treatment with anti-SlOOB antibody reduced the HRA induced by the LPS

without to modify the inflammatory response of the B6 mice. The same experiment was

carried out in the Prmt2 +/ and Prmtl (data not shown) mice which present an exacerbated

AHR. This model allowed us to validate the action of the antibody. Injection of the antibody

in these mice, lead to a significant reduction in the PenH values, without changes in the

inflammatory answer which remains higher in mutants.

SI00b belongs to a family of 23 calcium binding protein and, contrary to other

proteins of the same family, SI00b is not a major actor of lung inflammation. In fact, S100a8

and S100a9 are secreted especially at sites of inflammation, where they induce chemotaxis

and adhesion of neutrophils (Ryckman et al, 2003; Vandal et al, 2003a). S100al2 acts via

interaction with AGER, resulting in the secretion of pro-inflammatory mediators (Hofmann et

al, 1999). The serum concentrations of these SI00 proteins correlate with inflammatory

disease activity (Foell et al, 2004; Frosch et al, 2000). After LPS instillation, we

demonstrated that the number of cells expressing SI00b is increased but the inflammatory

parameters measured in SI00b deficient mice are not modified, suggesting that SI00b is not

necessary to induce inflammation. In normal human lung SI00b is expressed in interstitial

dendritic cells and peri-bronchial nerves at high level, in airway dendritic cells in smoke

related damage and in interstitial dendritic cells in pneumonia (5). Here we found SI00b

expressed in alveolar resident macrophages, and in LPS-activated macrophages and recruited

lung neutrophils. But even if the number of cells expressing SI00b is increased during these

lung diseases or challenges, the exact role of the protein is only revealed through this series of

experiments showing that SI00b is an actor of AHR and thus of respiratory diseases.

SI00b is a calcium binding protein and as such it could participate to the control of

muscle contraction. SI00b is found in the cytoplasm of cells, and can stimulate Ca2+ fluxes,

inhibite PKC-mediated phosphorylation and microtubule assembly. In the lungs, SI00b is



expressed in alveolar resident macrophages and recruited neutrophils after LPS stimulation,

around the nerves epithelial bodies and in the nerves as previously described (5). No direct

colocalization of SI00b was observed with smooth muscle cells in lung. SI00b is known as

an intracellular and an extracellular regulator controlling the availability of calcium stock

(18). If SlOOb act as a sense Ca2+ level, the secretion of SlOOb during LPS treatment may

facilitate the muscular contraction, limiting the diffusion of calcium. Alternatively, SlOOb

could change Ca2+ dependent intracellular signaling cascade such as the one involving the

Ca2+/calmodulin-dependent protein phosphatase calcineurin, which upregulates numerous

cytokines and proinflammatory factors in immune cells (Crabtree and Olson, 2002).

Alternatively SlOOb is known to interact with several proteins from the cytoskeleton and thus

could mediate cellular remodeling and cell migration (Donato et al, 2009). Further

experiments will be needed to better understand the molecular and cellular mechanism of

SlOOb in the AHR.

Reducing SlOOb function and decreasing AHR without altering key parameters of the

inflammatory response represents an interesting path from a therapeutic point of view, in

particular for long term treatment. Indeed, if we consider asthma seizure, the more

handicapping aspect is the difficulty to breath of the patient, which results on the one hand to

the reduction from the gauge of the bronchi following their contraction and on the other hand

of the production of mucus. It is thus interesting, in this case, to facilitate the broncho-

dilatation without modifying the inflammatory response in long term treatment. Indeed,

treatment with neutralizing antibody could be used to reduce airway resistance observed in

allergic asthma or in chronic obstructive broncho-pneumopathy. Today, the main treatment of

the asthma remains of short duration. Long duration treatment with corticosteroid induces

several side-effects such as hyperglycemia, osteoporosis, depression (Donihi et al, 2006). In

the LPS model, the mice having received the antibody present relatively low values of PenH,

and this lasting all the duration of acquisition. The mice (B6 and Prmt2 +/ ) stimulated with the

LPS alone present a rise in PenH values between 60 and 90min, then after having reached a

peak, these values find a basal level identical to the mice having received the antibody,

180min after stimulation. This observation showed that the effect of the anti-SlOOb antibody

is at least for 3h in the LPS model; what is not astonishing since the half-life, in the serum,

from the antibodies used in therapy for the autoimmune diseases varies between 8 days and 8

weeks (Chan and Carter, 2010). It will of course be necessary to check the effectiveness and

duration of the action of the antibody in a murine model of asthma. All these results showed

for the first time the importance of the SlOOb protein in the broncho-constriction and the use



of the SI00b antibody in the LPS murine model revealed the potential therapeutical effect of a

molecule able to inhibit SI00b.
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CLAIMS:

1. A method for reducing airway hyperresponse in a subject in need thereof comprising

administering the subject with an agent selected from the group consisting of an anti-

Si 00B antibody, an anti-SlOOB aptamer or an inhibitor of S100B gene expression.

2 . The method according to claim 1 wherein the subject suffers from a airway disease

selected from the group consisting of asthma, chronic obstructive pulmonary disease,

allergic bronchopulmonary aspergillosis, hypersensitivity pneumonia, eosinophilic

pneumonia, emphysema, bronchitis, allergic bronchitis bronchiectasis, cystic fibrosis,

tuberculosis, hypersensitivity pneumonitis, occupational asthma, sarcoid, reactive

airway disease syndrome, interstitial lung disease, hyper-eosinophilic syndrome,

rhinitis, sinusitis, exercise-induced asthma, pollution induced asthma and parasitic

lung disease.

3 . A method for determining whether a subject is at risk of having or developing an

airway hyperresonse comprising determining the level of S100B protein in a

biological sample obtained from said subject.
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