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MASP-2, A COMPLEMENT-FIXING ENZYME, AND USES FOR [T

Field of the fnvention

The invention is in the general fisld of innate’ pathways for complement

fixation involving mannan-binding lectin (MBL}, alse termed mannan binding pratein,
Backaround of fhe Invention

The complement systsm comprises a complex array of enzymes and non-
snzymalic proleing of imperfance to the function of the Innate as well as the adaptive
immune defense’. Until recently two modes of activation were known, ihe classical
paihway initiated by antibody-antigen complexes and the alternative pathway initiated
by certain stuctures on microbial sudaces. A third, novel antibody-independent
pathway of complement activation has been described®. This pathway is initiated
when mannan-kinding lectin (MBL, first described as mannarrbinding pretein, MBP,
see Ezekowitz, U.S. Patant 5,270,199) binds to carbohydrates,

MBL is structurally related to the G1q subcomponent of component GT of
complement, and it appears that MBL aclivates the complement system via an
associated serine protease tormsd MASP! or p100°, which is similar to the C1r and
C1s components of the classical pathway. The new complement activation pathway is
called the MBlectin paiway.  According to the mechanism postulated for this
pathway, MBL binds 1o specific carbohydrate structures found on the surface of
range af microorganisms including bacteria, yeast, parashtic protozoa and viruses®, ang
its antimicrobial activity results jrom activation of the terminal, ytic complamant
pathway components” of promoting phagocwosw'sﬂ.

Reportediy, the level of MBL in plasma may be genetically datermined™ ',
MBL. deficiency is associated with suscaptibility to frequent infections with a variety of
microorganisms in childhood™", and, possibly, in adults™™.  Recent information
associates MBL deficiancy with HIV infection and with more rapid death following
devalopment of AIDS ™. MBL binds to the & galactosyl form of IgG (G0), which is
found at elevated concentrations In rheumatoi¢ arhritis patients, and then activates
complement’”.  MBL deficiency is also associated with a predisposition 1o recurrent
spontaneous abartions™, and also to development of systemic lpus erythrematosus ™.

In the first dlinical reconstitution frial, an infant MBL-deficient girl suffering
from recurrent infections was apparently cured by injsctions with purifisd MBLY. For a
recant review an MBL, see ref 5.

Relatively high frequencies of MBL mufations associated with MBL-
deficiency have besn reported in all populations studied. This observation has ied to

CCNFIRMATION COPY
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the hypothesis that MBL may, in certain cases, render fhe individual more susceptible
fe certain intracellular infectious agenis exploiting MBL to gain access to the target
tissues?'. Since MBL is @ vary powerful activator of the complemant system, i may
also be that inexpedient acfivation through microbial carbohydrates or endotoxins can
lead to damaging inlammatory responses™. Thus, the overall survival of a population
ray benefit from the wide individual range of MBL concentrations.

MASP-1 {MBP-associated serine protease, MASP} is a serine protease
similar in sbucture to Clr ang Cls of the complement pathway although it has &
histiding loop structure of the type faund in trypsin and trypsin-like serine proteases.
MASP-1 has been fourd fo be involved in complement activalion by MEL. A cDNA
dlane encoding MASP-1 has been reported thal encodes a putative leader peptide of
19 amino acids followed by 888 amino acid residues predicted to form the mature
pegtide.

An abstract reports the existence of a second MASP, termed MASP-2 2.

Sumimary of the Invention
The present invention relales fo uses of a substantially pure palypeptide comprising
amino acid sequences derived from mannan-binding lecfin associsted serine profease-
2 {(MASP2){SEQ ID. 2} or e funciional homologue thergof for the produciion of a
pharmaceutical compesitian.

The invention relates to the isofation and characierization of a mannan-binding lectin
(MBL) asscciated serine proteass (MASP-2). MASP-2 shows some homology with
the previously reported MASF (MASP-1) and the two Cilg-associated serine
protessas, C1r and Cts. MBL slone does net provide a functional MBLectin pathway
of complement activation.

We have cloned and sequenced the cDNA encading MASP-2. In addition,
we have produced anti-MASP-2 antibedy and constructed an assay for the estimation
of MASP-2 in body fluids or tissue extracts. Furthermore, we have constructed
quantitative assays far the determination of MASP-2 aclivity in sarum or piasma, either
wihen present &s part of the MBL/MASP complex or as froe MASP not associated with
MEL.

Thus, one aspact of the invention features subsfaniielly pure mannin-
binding lectin associated serine protease-2 (MASP-2) polypeptides and nucleic acids
ancoding such polypeptides.  Praferably, the MASP-2 polypeptida retains one or more

JP 2004-504027 A 2004.2.12
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MASBP-2 funciions, such as being capable of associating with mannan-binding lectin
{MBL}, ssiine proteass activity, or the MASP-2 aclivity in an i vitro assay for MBLectin
complement pathway function, e.g., in ona of the assay systems described bslow.
Soime MASP-2 polypeplides according to the invenfion, e.g., those used in binding
asgsays, may be conjugated 1o a label so as to permit detection and/or quantification of
their presence in the assay. Suitable labels inciude enzymes which generate a signal
(e.0., visible absorpticn), fluorophores, radionuclides, etc. Other MASP-2 polypepfides
are capable of compsiitively inhibiting one of the MASP-2 activities described above,
and thereby are useful in evaluating MASP-2 funetion. Cther MASP-2 polypeptides ara
useful antigens ar haptens for producing antibadies as described below. Compounds
which competitively inhibit a MASP-2 aclivity are also featured. Preferably, such
compounds act by inhibifing the serine protease activity of MASP-2 or of a fragment of
MASP-Z.  Such compounds may include fragments of MBL or of MASP-2 which
competitively inhibit the MBL-MASP-2 interactions critical to complament activation by
the MBLectin pathway, as well as compounds, e.g., peplide fragments, whish inhibit
the catalytic eleavage of compiement factors C4 and C2 by MASP-2.

Specific polypeplides according to this aspect of the invention include: a) a
polypaptide with & malecular mass of 20K and containing the sequence identified! as
SEQIDNOATPLECPKWPEPVFGRILASBSPGFPGEYAN
DQERRWTLTAPRPGY R]b)a polypaptide with a molecular mass of
52K and containing the sequence dentified as SEQ ID NO:1; c) a palypeptide having
the compleie amino acid sequence of Fig. 6 (SEQ ID NO:2).

Another aspect of the mvantion includes an isalated nucleic acid meleculs
coraprising a nucleotide sequence encoding a polypeptide having sequence that is at
least 85% identical to the sequence of SEQ 1D NO:2.

The Invention also faatures isofated nucleic acid sequences encoding the
above mennan-binding leclin associated serine protease-2 (MASP-2) polypeptides.
Such nuclsic acid sequances may be Included I nucleis acid vectors (e.g., expression
vettors inchiding those with regulatory nucleic acid elements permitiing expression of
recombinant nuclaic acid in an expression system).

The invention also features antibodies that selectively bind to MASP-2.
Such antbadies may bs made by any of the well known techniques including
polyclonal and monoclonal antibody technigues. The antibody may be coupled fo 2
eompound comprising a detectable marker, so that it can be used, e.g. v an assay to
detact MASP-2.

JP 2004-504027 A 2004.2.12
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The polypeptides or anttbodies may be formulaied o pharmaceutical
composltions and administerad as therapeutics as describad bslow.

The invention also features methods for detecting mannan-binding lectin
associated sering protease-2 (MASP-2). Thea msthod comprises; obiaining a biological
sample, contacting the biclogical sample with 8 MASP-2 polypeptide specific
binding pariner, and detecting the bound complexes, if any, as an Indication of the
presence of MASP-2 In the bioiogical sample. The binding partner used in the assay
may be an antibody, or the assay for MASP-2 may test for complemant fixing activity.
These assays for MASP-2 may also bo used for guantitative assays of MASP-2 ar
MASP-2 activity in biological samples. Ore of the binding pamers may be specific for
MEK thus allowing for the detection of MBL/IMASP-2 complexes.

Methods for detecting MASP-2 nucleic acid expression are included in the
invention. These methods comprise detecting RNA having a sequence enhcoding &
[AASP-2 polypeptide by mixing the sample with a nucleic acid prabe that specifically
hybridizes under stringent conditions fo a nucleic acid sequence encoding all or a
fragment of MASP-2.

The invention also features methads for treating patients deficient in MASP-
2 or MABP-2 activily. This is accomplished by adrrinistering to the patient MASP-2
polypeplide or nucleic acid encoding MASP-2. Bscause it is sometimes desirabla to
inhibit MASP-2 activity, the invention includes a2 methad for inhibiting the activity of
MASP-2 by administering to the patient & compound that inhibits expreasion or activity
of MASP-2. Inhibition of MASP-2 activity may alse be achieved by adminisiering a
MASP-2 antisense nucleie acid sequance.

The invention features an assay for polymarphisms in the rucleic acid
sequence enceding MASP-2. A method of detecting the presence of MASP-2-
encoding nucleic acid in a sample is claimed. As an example, the method may include
mixing the sample with at least one nuclelc acid probe capable of forning & complax
with MASP-Z-encoding nucleic acid under siringent conditions, and dstermining
whether the probe ia bound [0 sample nucleic acid. Tha invention thus includes
nuclele acid prebe capable of forming a complex with MASP-2-encoding nucleic acid
under sringent conditions.

The invention features an assay for polymorphisms in the polypeptide
sequence comprising MASP-2 or its precursor.

MASP-2 assays are useful for the determination of MASP-2 [evels and
MASP-2 activity in paiients suffering from wvarious diseases such as infections,

JP 2004-504027 A 2004.2.12
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inflammatory diseazes and spontaneous recurment abortion. MASP-2 is useful far the
treatment of infections when MASP-2 function is subopfimal, and inhibition of MASP-2
activity is useful for regulafion of inflammation and adverse effects caused by activity of
the MELectin pathway.

By “mannan-binding leciin associated serine proisase-2" or "MASP-2" is
meant the poiypeptide or activity cafled “mannan-binding prolein associated sarine
protease-2" or "mannase-binding protein associated serina protease” or any other
polypeptide having subsiantial sequence Identity with SEQ 1D NO:2.

The terms “"protein” and "polypeptide” are used nherain to describe any
chain of amino acids, regardless of length or post-translational medification (for
exafple, glycosylation or phosphorylation). Thus, the term "MASP-2 polypeptide”
includes full-length, naturally occurring MASP-2 protein, as well as recombinantly or
synthetically produced polypeptide that corresponds to a ful-length naturally cccurring
MASP-2 polypeptids, or to paricular domains or portions of a nalurally ocourring
protein.  The term also encompassses mature MASP-2 which has an added amino-
terminal methlonine {which is uselul for expression in prokaryotic cells}.

The term "purified” as used herain refers to a nucleic acid or pepfide that is
substantially free of cellular material, viral matenal, or culfure medium when procucad
by recombinant DNA techniques, or chetnical precursors or other chemicals whean
chemically synthesized. By “isalated nucieic acid molecule” is meant @ nucleic acid
moigcule that is separated in any way from seguences in the naturally occuring
genome of an organism.  Thus, the ferm isolated nucieic acid molecule” Includes
nucleie acid maolecules which are not naturally oceuming, e.g.. nucielic acld molecules
created by recombinant DNA techniques.

The term "nucleic ackd molecule” encompasses both RNA and DNA,
including cONA, genomic DNA, and synthetic feg., chemically synthesized) DNA.
Whara single-stranded, the nucleic acid may be & sense strand or an antisense strand.

The invention also encompasses nuckeic acld molacules that hybridize,
preferably under stingent conditions, to & nucleic acid molecule sncoding an MASP-2
polypeptide (e, 8 nudiefc acid molecute having the sequence encoding SEQ I
ND:2, 2.9, the protein encoding portion of the ¢DNA sequence shawn in Fig. 6). In
addition, the invention encompasses nucleic acid molecules that hvbridize, preferably
under stringent condfions, 1o & nucleic acid malecule having the sequence of the
MASP-2 encoding cDNA contained in a clone. Preferably the hybridizing nudleic acid
molecule consists of 400, mare preferably 200 nucleotides.

JP 2004-504027 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

20

25

30

(55)

WO 0206460 PCT/DKA100499

[

Praferred hybridizing nucleic acid malecules encode an activity possessed
by MASP-2, eg, thay bind MBL and have activity In the MBLectin complament
pathway, and can act as serine proleases.

Throughowt the description and claims either tha thres letter ¢ode or
{the one-lefter code for natural amino acids are used. Where the L or D form has not
been specified it is to be undarstood that the amino ecid in question has the natural
L form, ¢f. Pure & Appl. Chem. Vel. (56(5) pp 595-624 {1884} or the D form, sa that
the peptides formed may be constituted of amino acids of L form, D form, or a se-
quence of mixed L forms and [ forms. Whera nothing is specifiec ii is to be undet-
stood that the C-terminal amino acid of a palypeptide of the invention exists as the
free carboxylic acid and the N-terminal amine acid of a polypeptide comprise z free
amino-group. Whare nothing efse is specified amine acid can be selected fromany
amino acid, whether naturally ceeurming or hol, such as alpha amine acids, beta
amine aclds, and/or gamma amino acids. Accordingly, the group comgrises but are
not fimited to: Ala, Val, Leu, ile, Pro, Phe, Trp, Met, Gly, Ser, Thr, Gys, Tyr, Asn,
Gln, Asp, Glu, Lys, Arg, His, Alb, Nal, Sar, O, Lysine analogues DAP and DAPA.

The invention also features substantially pure or isolated MASP-2
polypeptides, preferably those that correspond to various funclional domains of MASP-
2, or fragments thereof. The polypeptides of the invention encompass amine acid
sequences that are substantially identical fo the amine acid sequence shown in Fig.6.

The polypentides of the invention can also be chemically synthesized,
synthesized by recombinant tachnolegy, or thay can be purified from tissuss in which
they are naturally expressed, actording fo standard biochemical methods of
purification.

Also included in the invenfion are “functional polypeplidas® which poessess
ane or more of the biological functions or activities of MASP-2. These funciions or
activites ara described in defail in the specification. A functional polypentids is also
considered within the seepe of the invention if it serves as an antigen for production of
anilbodies that specifically bind fo MASP-2 or fragments (particularly determinant
containing fragments) thereof.

The funclional polypeptides may contain a primary amino acid sequence
that has been modified from those disclosed herein. Preferably these modifications
consist of conservative amino acid substitutions, as described herein.  The

JP 2004-504027 A 2004.2.12
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polypeptides may be substituted in any manner designed to premots or delay their
catabolism {increase their half-life).

The terms “functional homolegues™ and “functional equivalent” are ussd
interchangeably hersint and should be undsrstood as synonymous with one another
withinn the scope of the present invention. Functional homelogues of polypeptides
according o the present invention is meant to comprise any polypeplide sequence
which is capable of exerting MASP-2 activity or activity of a MASP-2 fragment, such
as for example activity as a competitive inhibitor of MASP-2.

Functional homelogues according to the oresent invention comprise polypepfides
with an amino acid sequence, which are sharing at least some homology with the
predetermined polypeptide sequences as outlined herein above. For example such
polypeptides are at least about 40 percent, such as at least about 50 percant ho-
mologous, for example at least about 60 percent homolegous, such as at least
about 70 percent homaolagous, far example at least about 75 percent hamologous,
such as at least about 80 percent homologous, for example at least ebout 85 per-
cent homologous, such as at laast abaut $0 percent homologous, for example at
least 92 percent homologous, such as at least 84 percent homalogous, far example
at least 95 percent homologous, such as at least 96 percent homologous, for exarm-
ple af least 97 percent hamalogous, such as at least 88 percent homologous, for
axample at least 89 percent hemologous with the predetermined polypeptide se-
quences as outlined herein above.

The homology betwean amino acid sequences may be calculated using well known
algorithms such as for example any one of BLOSUM 30, BLOSUM 40, BLOSUM 45,
ELOSUM 50, BLOSUM 55, BLOSUM 60, BLOSUM 62, BLOSUM B85, BLOSUM 70,
BLOSUM 75, BLOSUM 80, BLOSUM 85, and BLOSUM 80.

Functional homologues may comprise an amino acid sequence that comprises at least
one substilution of one amine acid for any other amino acid. For example such a
substituion may be a conservative amino acid substitution or it may be a non-
conservative substitution.
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A consenvative amino acid substitution is a substiiution of ene amino acid within a
predetarmined group of amino acids for ancther amino acid within the same group,
whierein the amino acids within a predstermined groups exhibit simiar or substantialty
similar charactaristics. Within fhe msaning of the temm “conservative amine acid
substiution™ as applied herein, one amino acid may be substitited for another within
graups of amino aclds characterised by having

i) polar sids chains fAsp, GlU, Lys, Arg, His, Asn, Gin, Ser, Thr, Tyr, and Cys.)
] non-polar side chains {Gly. Ala, Val, Lau, llg, Phe, Trp, Fro, and Met)

i) aliphatic side chains {Gly, Ala Val, Leu, fie)

iv) cychic sids chains {Phe, Tyr, Trp, His, Pro}

v) aromatic side chains (Phe, Tyr, Trp}

i) acidic side chains (Asp, Glu)

vii) hasic side chains (Lys, Arg, His)

viil}  amide side chaina (Asn, Gin)

ix} hycdroxy side chalins {Ser, Thr)

X} sulphor-containing side chains (Cys, Mst), and

i} amino acide being monoamino-dicarboxylic acids or  monoamino-
manocarbosylic-menoamidocarboxylic acids {Asp, Blu, Asn, Sln).

Mon-conservative substitutions are any other substitutions. A non-conservative sub-
slifution leading to the formation of a functional homologus would for example i) dif-
fer substantially in hydrophobicity, for example a hydrophabic residus (Val, lle, Lau,
Phe or Met) substituted far a hydrophilic residus such as Arg, Lys, Trp or Asn, or a

hydrophilic residue such as Thr, Ser, His, Gin, Asn, Lys, Asp, Glu or Trp substituted
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for a hydropheble residue; and/or i) differ substantially in its effect on polypeptide
kackbone crientation such as substitutian of or for Pra or Gly by another residue;
andlor i) differ substantially in electric charge, for example substitution of & nega-
tively charged residue such as Glu ar Asp for a positively charged residue such as
Lys, His or Arg (and vice versa); and/or iv) differ substantially in steric bulk, for ex-
ample substitution of a bulky residue such as His, Trp, Phe or Tyr for one having a
minor side chain, e.g. Ala, Gly or Ser {and vice versa).

Functional homolegues acrorging fo the present inventicn may comprise more than
one such substitution, such as e.g. iwo amino acid substitutions, for example three
or four aminc acid substituiions, such as five or six amine acid substitutions, for sx-
ample seven or eight amine acid substitutions, such as from 10 to 15 amino acid
substitufions, far example from 15 to 25 aming acid subsiliution, such as from 25 fo
30 amino acfd substitutions, for example from 30 to 40 amine acid substitution, such
as from 40 to 50 amino acid substitutions, for example from 50 to 75 amino acid
substitution, such as from 75 to 100 amine acid substitutions, far example more than
100 amino acid substitutions.

Tha addition or deletion of an amino acid may be an additicn or delefion of from 2 ta
§ amine acids, such as from 5 to 10 amino acids, for example from 10 fo 20 amina
ackls, such as from 20 to 50 amino acids. However, additions or deletions of mare
than 50 amins acids, such as additions from 50 to 200 amino ecids, are alsa com-
prised within the present invention.

The polypeptides accarding to the present invention, including any varianis and
functional homologues thereof, may i one embodiment comptise more than 5
aming acid residues, such as more thar 10 amino acld residues, for example more
than 20 amino acid residues, such as mare than 25 amino acid residues, for exam-
ple more than 80 amino asid residues, such as more than 75 amino acid residues,
for example mere than 100 amine acid residues, such as mora than 150 amino acid
residues, for example more than 200 amino acid residues.

Additienal factors may be taken into cansideration when determining functional
homotogues according to the meaning used herein. For example functional hamo-
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logues may be capable of associating with antisera which are apecific for the poly-

peptides according to tha present invention.

In a further embodiment the present invention relates to functionai equivalents which
comprise substituted amino acids having hydrophific or hydropathic indices that are
within +/-2.5, for example within +/- 2.3, such as within +/- 2.1, for sxarmple within +/-
2.0, such as within +/- 1.8, for example within +~ 1.6, such as within +- 1.5, for ex-
ample within +/- 1.4, such as within +/- 1.3 for example within -+ 1.2, such as within
+i- 1.1, for example within +/~ 1.0, such as within +/- 0.8, for example within +~ 0.8,
siich as within +/- 0.7, for exampie within +~ 0.8, such as within +/- 0.5, for example
within +/- 0.4, such as within +/~ 0.3, for exatnple within +/- 0.25, such as withir +-
0.2 of the value of the amino acid it has subsfituted.

The impertance of the hydrophitic and hydropathic amino acid indices In conferring
interactive hislogic function on a protein is well understood in the art (Kyte & Doolit-
tle, 1982 and Hopp, U.S. Pat. No. 4,554,101, sach incorporated herein by refar-
ence).

‘The amino acid hydropathic index values as used herein are: isoleucine {+4.5); va-
line (+4.2); leucine (+3.8); phenylalanine (+2.8), systeinefcysting (+2.5); methionine
(+1.9); alanine (+1.8); glycine (-0.4 ); threonine (-0.7 }; serine (-0.8 }; tryptophan (-
0.9); tyrosine (-1.2) proline (-1.6); histidine (-3.2); giwlamate (-3.5); glutamins (-2.5);
aspartate (-3.5); asparagine {-3.5); lysine {-3.9); and arginine {-4.5) (Kyte & Daolite,
1982).

The amina acid hydrophilisity values are: arginine (+3.0%; lysine (+3.0%; aspartate
(+3.0.+-1); glutamate (+3.0.+-.1); serine (+0.3); asparagine (+0.2); glutamine {+0.2);
glycine (0); threonine (-0.4): protine {-0.5.+-.1}; alanine (-0.5); histidine (~0.5}; cys-
isine {-1.0); mathionire (-1.3}; valine (-1.5); leucine (-1.8); iscleucine {-1.8); tyrosine
{-2.3), phenylalanine {-2.5); fryptophan (-3.4) (U.5. 4,554,101).

Substitution of amino acids can therefore in one smbodiment be made basad upon
their hydrophobicity and hydrophilicity values and the relative similarity of the amina
acid side-chain substituents, including charge, size, and the like. Exemplary amina
acid subsfitutions which take various of the foregoing characteristics into considera-
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tion are well known ta thase of skill in the arf and inchude: arginine and lysine; glu-
tamate and aspartate; serine and threonine; glutamine and asparagine; and valine,

leucine and isoletcine.

In addition to the polypeptide compounds described herein, sterically similar com-
pounds may ke formulated fo mimic the key portions of the peptide structure and
that such compounds may aleo be used in the same manner as the poplides of the
inveniion. This may be achieved by technlgues of modeling and chemical dasigning
known to those of skill in the art. For example, esterification and ather alkylations
may be employed to madify the amino terminus of, .., a di-arginineg peptide back-
bona, to mimic & tetra peptide structure. It will be understoed that ail such sterically
simllar constructs fall within the scope of the present invention.

Paptides with N-terminal alkylations and C-terminal esterifications are also encom-
passed within the present invention. Functional equivalents alse comprise glycosyl-
ated and covalent or aggregative conjugates, including dimers or uprelated chemical
moleties. Such functional equivalents are prepared by inkage of funciionalities to
groups which are found in fragment including at any cne or both of the N- and G-
termini, by means known in the art.

Functional equivalents may thus comprise fragments conjugated to aliphatic ar acyl
esters ar amides of the carboxyi terminus, alkylamines of residues containing car-
boxyl side chains, 2.g., ponjugates to alkylamines at aspariic acid residues; O-acyl
derivatives of hydroxyl group-containing residues and N-acyl derivatives of the
amina terminal amine acid or amine-group containing residuss, e.g. conjugates with
Met-Leu-Phe. Derivatives of the acyl groups are selacted from the group of alkyl-
moieties {including C3 to C10 normal alkyl), thereby forming alkanoyt species, and
carhocyclic or heterocyclic compaunds, thereby forming aroyl species. The reactive
groups preferably are difunctional compounds known per se for use in cross-finking
prateins to Insaluble matrices through reactive side groups.

Homolagues of nuclefc acid sequances within the scope of the prasent invention are
nucleic acig sequences, wiich encodas an RNA andfor a protein with similar bic-
logical function, and which is either
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a) at least 50% identical, such s at least B0% identical, for example at least 70%
idantical, such es et least 75% identical, for example at least 80% [denfical, such
as at least 85% identical, for example at least 90% identical, such as at least
95% identical

b) or able to hybridise o the complementary strand of said nucleic acid sequence

under sitingent conditions.

Stringent conditions as used herein shall denoie stringency as normally applied in
connection with Southarn blotting and hybridisation as described e.4. by Southern E.
M., 1975, J. Mol. Biol, $8:503-517. For such purposes it is routine practise to include
steps of prehybridization and hybridization. Such steps are normally performed us-
ing solutions containing 6x SSPE. 5% Denhardf's, 0 5% 3DS, 50% formamide, 100

gim! denaturated salman testis DNA (incubation for 16 hrs at 42°C}, followad by
washings with 2% 35C and 0.5% SDS {at room lemperalure and at 37°C), and a
washing with 0.1x $5¢ and 0.5% S0S (incubation at 68°C for 30 min), as described
by Sambrook &t al., 1989, In "Molscular Cloning/A Laboratory Manual”, Cold Spring
Harber), which is incorporated hersin by reference.

Homalogous of nucieic acid sequences alsc encompass nucleic acid sequences
which comprise additions andfor dsletions. Such additions and/or deletions may be
internal or at the end. Additions and/or deletions may be of 1-5 nucieotides, such as
4 to 10 puclectlde, for example 10 fo 50 nuclaotides, such as 50 1o 100 nuclectides,
for example at least 100 nuslectides.

Polypeptides or ofer compounds of interest are said to be "substantially
pure” when they are distinct from any naturally occuring cormposition, and stitable for
at Inast one of the uses proposad herein. While preparations that are only siightiy
altered with respect to naturally occuring substances may be somawhat useful, maore
typically, the preparations are at least 10% hy weight {dry weight} the compound of
interest. Preferably, the preparation is at least 60%, more preferably at least 75%, and
most preferably at least 90%, by weight the compound of interest.  Purity can be
meastted by any appropriate standard method, for example, by column
chramatagraphy, polyacrylamide gel eleciraphoresis, or HRLE analysis.

A polypeptide or nusleic acid moleeule is "substantially identical® 1o a
reference polypeptide or nucleic acid molecule if it has a seguence that is at least §5%,
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preferably af least 90%, and more preferably at least 95%, 98%, or 89% kientical te the
sequence of the reference polypeptide or nucieic acid molecule.

Where a particular polypeplide is said fo have a specific percent identity to
a reference polypeptige of a defined length, the percent identity is relative to the
reference peptide. Thus, a peptide that is 50% idenfical to a reference polypeptide that
is 100 amino acids long can be a 50 amino acid palypeptide that is completely fdentical
fo a 50 amino acld long porion of the reference polypeptide. X might alsc be a 100
amino acld leng polypeptide: which is 50% identical to the reference polypspfide over
its entire length. Of course, many other palypeptides will meet the same criteria.

In the case of polypeptide sequences which ate less than 100% idendcal to
a reference sequence, the nan-identical positions are preferably, but not necessarily,
conservative substitutions for the reference sequence. Conservative subsfitufions
typically include substiiutions within the following groups: glycine and afanine; valine,
isoleusine, and leucine; aspartic acid and giutamic aoid; asparagine and glutamlne;
serine and threonine; lysine and arglnine; and phenylalanine and tyrosine.

For polypeptides, the length of the reference polypeptide sequence wilt
generally be at least 16amino acids, preferably at least 20amino acids, more
preferably at least 20 amino acids, and most preferably 35 aming acids, 50 amino
acids, or 100 amino acids. For nudeic acids, the langth of the referenice nudlaiz acid
sequence will generally be at least 50 nuclectides, preferably at least 60 nucleatides,
more preferably at least 78 nucleotides, and most preferably 100 nudlentides or 300
nuclectides.

Sequence identily can ba measured using seguence analysis software (for
example, the Sequence Analysis Suftware Package of the Genetics Computer Group,
University of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, Wi
53709), with the default parametsrs as specified therein.

The nuekgic acid molecules of the invention can be inserted it a vetter,
a5 described below, which will faciitale expression of the insert, The nuchkic acid
molecules and the polypeplides thay encode can be used directly as diagnostic or
therapeulic agents, or can be tsed {direclly in the case of the polypepiide or indirecily
in the case of a nucleic acid molecule) te generate antibodies that, in tum, are dinically
usefut as a therapeutic or diagnostic agent. Accordingly, vasiors containing the nucleic
acld of the invention, gelis transfectad with these vectors, the polypeptides expressed,
and antibedles generated, against either the entire polypeptide or an antigenic
tragment thersaf, re among the preferred embodiments.
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Tha invention alsa features antibodies, e.g., manoclonal, polyclonal,
and engineered antibodies, which specificaily bind MASP-2. By "spedifically binds" is
meant an antibody that recognizes and binds {o a particular antigen, £.g., the MASP-2
polypeptide of the invention, but which does not substanttally recognize or bind to ather
molecules in a sample, e.q., a biological sample, which includes MASP-2. References
to constructs of antivedy (or fragment thereof} cougled to a compound comptisirg &
deteciable marker includes consiructs made by any technigue, including chemical
means or by recombinant fechniques.The invention also features compounds capable
of inhibiting aetivity of MASP-2 ar a functional hemologue thereof. One activity of
MASP-2 is 1o aid complement activation. Another aciivity of MASP-2 is the sereine
protease activity of MASP-2. Preferably, compounds capable of inhibiting activity of
MASP-2 are capable of inhibiting complement activation by MASP-2_ it is important to
redlise that only a minor proportion of MASP's are asscciated with MBL in serum.
Accordingly, a compound capable of inhibiting MASP-2 activity may exert an inhibi-
tory sffect on the complement agtivation by assoshating with MBL without activating
MBL, and sa depleting setum of active MASP-MBL somplexes. The compound may
be a fragment of MASP-Z or it may be a mutant of MASP-2 ar a fragment of a mu-
tant of MASP-2. Furthermore, the compound may be an antibody.

The invention also features aritagonists and agonists of MASP-2 fhat can
inhibit or enhance one or more of the funclions or activities of MASP-2, respectively.
Suffatle antagenists can include small molscuies (2., molecutes with & moiecular
weight below about 500), large melecules {i.e, molecules with a malecular weight
above about 500), antibodies that bind and "neutralize” MASP-2 (a3 described below),
polypeplides which compste with a native form of MASP-2 for binding ta a protein, e.g.,
MBL, and nudlsic acld molecules that interfere with transcripion of MASP-2 (for
example, antisense nucleic acid molecules and ribozymes). Agonists of MASP-2 also
includa small and large molecdles, and antibogies other than "neutrelizing” antibodies.

Tha invention also features malecules which can increase or decrease the
expression of MASP-2 (eg., by influencing transcription or translation). Smail
moiaGtiles {l.e., moleculas with a molecular weight below about 560), large molecutss
{i.e., molecules with a molecular weight above about 500), and nudleic acid molecuies
that can be used to inhibit the expression of MASP-2 {for example, antisense and
ribozyme molacules) or to enhance thair expression (for example, expression
constructs that place nucleic acid sequences encoding MASP-2 under the control of a
strong promoter system), and transgenic animals that express a MASP-2 transgene.
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The invention encompasses methods for treating disorders assoctated with
aberrant expression or activity of MASP-2. Thus, the invention includes methods for
treating disorders associated with excessive expression or activity of MASP-2. Such
methods entail administering a compound which decreases the expression or activity
of MASP-2. The invention alsa includes methads for treating disorders assaciated with
insufficient expression of MASP-2. These metheds entall administering a compound
which increases the expression or activity of MASP-2.

By "compstitively inhibiting” serine protease aclivity is meent thai, for
axample, tha acfion af an altered MBL. or fragment thereof that can bind to a MASP-2
peptide, reversibly or ireversibly without activating serine protease activity.
Conversely, a Tragment of MASP-2, e.gs., a polypeptide encompassing the N-tetminal
part of MASP-2, may competitively inhibit the birding of the intact MASP-2 and thus
sffectively inhibit the activation of MASP-2.

The invention also features methods for delecting @ MASP-2 polypeplide.
Such methods inctyde: pbtaining a biological sample; contacting the sampls with an
antibody that specifically binds MASP-2 under conditions which permit specific binding;
and detecting any antlbody-MASP-2 complexes formed.

In addition, the presant invention encompassss msthods and compositions
for the diagnostic evaluation, fyping, and prognosis of discrders associaled with
inappropriate expression or activity of MASP-2.  For example, the nucleic acid
malecules of the invention can be used as diagnostic hybridizafion probes te detect, for
exampls, inappropriate expressian of MASP-2 or mutations in the MASP-2 gene.
Such methods may be used (o classify cells by the level of MASP-2 expression.

Ahernatively, the nucleic acid melecules can be used as primers for
diagnastic PGR analyais for the identification of gene mutations, allelic varations and
ragulatery defects in the MASP-2 gene, The present invention further provides for
diagnostic Kits for the practics of such methods.

The invention features methods of ldentifying compounds that modulate the
expression or activity of MASP-2 by assessing the expression or activity of MASP-Z in
the presence and absence of a selected compound. A difference in the level of
expression or actvity of MASP-2 in the preserce and absence of the sslected
compourd indicates that the selected compound is capable of madulating expression
or activity or MASP-2.  Expressicn 'can be assessed either a1 the level of gene
expression {e.g., by measuring mRNA) or pretein expresston by techniques that are
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well known to skilled ariisans. The acfiviy of MASP-2 can be assessed functionally,
Le., by essaying the ability of the compound to activate complement.

The prefemed methods and materials are described below in axamples
which are meant fo ustrate, not limit, the invention. Skiled ardisens will recognize
methods and materials that are simifar or aguivalent to those described herein, and
that can be used in the practice or testing of the present invention.

Unlegs otherwise defined, all technical and scientific terms used herein
have the same meaning as commenly understood by one of ordinary skill in the ari to
which this invention belongs. Although metiods and materials similar or equivalent to
those: described herein can be used in the praciice or testing of the present invention,
the prefemed metheds and materials are described herain.  All publications, patent
applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In the case of conflict, the present spacification, including
definitions, will coantrol.  In addition, the materialz, methods, and examples are
illustrative only and are not intended fo ba limiting.

Other feetures and advantages of the invention will ba apparent from the
detailed description, and irom the claims,

Brief Desgription of the Drawings

Figures 1a-16 depict a Westem blot of human plasma proteins purified by
sugar affinity ehromatography.

Figure 2 shows the sequence alignment™ of the amine acid sequences of
MASP-2 (clone phha), MASP-117%, C1r3# and €157,

Figures 3a-3b are representations of the resuits demonstrating malecular
complexes formed between MBL, MASP-T and MASP-2.

Figures da-4b are representations of Western blots demonstraiing the
activation of C4 by C1s and MASP-2.

Figure 5 illustrates the three pathways of complament activation.

Figure & shows the cDNA sequence and deduced amino acid sequence of
MASP-2.

Brief descripfion of seguence Jisting

SEQ D 3: Amina acid sequence of 20 KD MASP-2 fragment
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SEQ ID Z: Amino acid sequence of full length MASP-2 insluding the signal peplide

SEQ ID 3 Amino acid sequence of full length MASP-2 without the signal peptide

Description of the Praferred Emborimants

MASP-2 nucieic acid molecules

The MASP-2 nucleic acid molecules of the inventiocn czn be ¢DNA,
genormic DNA, synthetic DNA, or RNA, and can be double-stranded ar single-stranded
(Le., elther & sense or an anfisense strand). Fragments of thase molecules ars also
cansidered within the scope of the invention, and can be produced, for axampls, by the
polymerase chain reaction {PCR) or generaled by freatment with one or more
restricion endonucleases. A rbonudeic acid (RNA} molecule can be produced by
in vifro transcription.  Preferably, the nucleic acid meiecules encode polypeptides tha,
regardless of length, are soluble under normal physiclogical conditions.

The nugleic acid molecules of the invention can contain naturally occuring
sequences, or sequences that differ from those that occur naturally, but, due ta the
degeneracy of the ganetic code, encods the sama polypeptide for example, the
polypeptide of SEQ ID NQ:2). (n addition, these nucleic acid molecules are not fimitsd
to sequences that only encode polypeptides, and thus, can include some or all of the
non-coding sequencas that lie upstream or downstream from a coding sequence.

The nucleic acid melecules of the invenfion can be synthesized (for
examgle, by phosphoramidite-based synthesis) or obtained from a blclogical call, such
as the call of a mammal. Thus, the nucleic acids ¢an be those of a hurnan, mouse, rat,
guinea pig, cow, shesp, horse, pig, rabbit, monkey, dog, or cat. Combinations or
medifications of the nucisolides within these types of nucleic acids are also
ancompassed.

It addition, the isolated nucleic acid molecules of the invention encompass
fraoments that are not found as such in the natural state. Thus, the invention
Bncompasses recombinant molecules, such as those in which & nusleic acid molecule
(for example, an isolated nucleic acid molecule encoding MASP-2) is incorporeted into
a vector {for exampla, a plasmid or vira! vector) or into the genomie of & heterologous
celi (or the genome of a homolegous call, at a position other than the natural

JP 2004-504027 A 2004.2.12



10

20

25

30

35

(67)

WO 0206460 PCT/DKA100499

18

chromosomal location). Recombinant nucleic acid molecules and uses therefore are
discussed further below.

in the svent the nucleic acid molecules of the invention encode or act as
antisgnse moleculas, they can be used for axample, o regulate translation of MASP-2.
Techniques associated with detection or regulation of nuclete acid expression are wefl
known fo skilled arfisans and can be used to diagnose andfor treat disorders
assoclated with MASP-2 activity. These nucleic acid molecules are discussed further
below in the cantext of their clinical utifify.

The invention also encompasses nucleic acid molecules that hybridize
under stringent conditions to a nudsic acid molecula encading a MASP-2 polypeptida.
The cDNA sequence described herein (SEQ 1D NO:3) can be used 1o identify these
nucleic acids, which include, for example, nudsic acids that encode homologous
nolypeptides in other species, and splice variants of the MASP-2 gane in humans of
othier mammals. Accordingly, the invention feaiures metheds of detecting and isclating
thase nuclsic acid molacules. Using these methods, a sample {for example, a hucleic
gcid library, such as a cDNA or genomic library} is contacted (or “screened™ with a
MASP-2-spacific probe (for example, a fragment of the cDNA sequence depicted in
figure 6 encoding the polypeptide sequence SEQ (D NG. 2, that is at least 72
nucleotides long). The probe will selectively hybridize to nucleis acids encoding related
polypeptides (or to complemeniary sequences thereof). Because the polypeplide
sncaded by WMASP-2 is related to other serine proteases, the term "selectively
hybridize" is usad to refer to an event in which a probe binds to nucleic acids encoding
MASP-2 {or to complententary seguences thereof) to a deteclably greater exient than
io nuglelc aclds encoding other serine proteases (or to complementary seguences
thareof}. The probe, which can contain af least 12 (for example, 15, 25, 80, 100, or
200 nucleotides) can be produced using any of several standard meihods (see, for
example, Ausubel et al,"Gumert Protocols In Molecular Biology, Vol 1* Green
Publishing Associates, Inc., and John Wiley & Sens, Inc., NY, 1989). For example, the
probe sap be generated using PCR amplification methods in which cligenuclectide
primers are used to amplify 2 MASP-2-specific nucieic acid sequencs (for exampls, a
nucleic acld encoding the N-terminus of mature MASP-2) that can be used as a probe
te screen a nueleio acld library, as described in Example 4 below, and thereby detect
nucleic acid molecules (within the fibrary) that hybrigize to the probe.

One single-stranded nucleic acid is said to hybridize to anather if & duplex
forms between them. This ocours when one nucleic acid contains & sequence that is
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the reverse and complement of the other (this same arangement gives rise to the
natural inieraction between the sense ang antisense strands of DNA in the genome
and underlies the configuration of the “double belix"). Complete complementarity
hetween the hybridizing regions is not required in order for & duplex to form; it is only
necessary that the number of paired bases is sufficient to maintain the duplex under
the hybridization conditions used.

Typically, nhybridization condilions are of low 10 moderale stringency.
These condifons favor specific interactions between completely campiementary
sequences, bul allow some non-speciic interaction between less than perfectly
matched sequences to occur as well.  After hybridization, the nucleic acids can he
“washed" under moderate or high conditions of sfringency to dissociate duplexes that
are bound togettier by some non-specific inieraction {the nudeic acids that form these
duplexes are thus not completely complementary).

As is known in the art, the optimal conditions for washing are determined
empirically, often by gradually increasing the stringency. Tha parametars that can be
changed to affect stringency include, primarily, temperature and salt concentration. In
general, the lower the salt coneentration and the higher the temperatiire, the higher the
stringency, \Washing can be initiated at 2 low temperature (for examplfe, room
temperature) using a solution containing a sall concentration that fs equivalent io or
lower than that of ine hybridization selution. Subseguent washing can be carried out
using progressively warmer solutions having the same salt concentration. As
slternatives, the 2alt concentration can be lowered and the femperature maintained in
the washing step, or the salt concentration can be lowered and the temperalure
increased. Additional parameters can alko be altered. For example, use of a
destabilizing agent, such as formamide, alters the stringency conditions.

In reactions where nucleic acids are hybridized, the condiions used fo
achieve a given Isvel of stringency will vary. There is not one set of conditions, for
example, that will aliow duplexes fo form between ali nucleic acids that are 85%
identical to one another; hyhridization also deperds on unique features of each
nuckic acid. The length of the sequence, the composition of the sequence (for
example, the content of puring-iike nuclectides versus the content of pwimnidine-like
nucleotides) and the fype of nuclelc acid (for example, DNA or RNA) affect
hybridization. An additionzl consideration ls whether one of the nucleic acids is
Immobilized {for example, on a fitar).
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An axampte of a progression from lowsr to higher sfringency conditions s
the following, where the salt content is given as the relative abundance of S8C (z salt
solution contaiming sodium chlordde and sodium clrate; ZX 5SC is 10-old more
concenrated  than 0.2X SSC). Nucleic acids are hybridized at 42°C in
24 SECI01% SDS (sodibm  dodecyisulfate; a detergent) and then washed in
0.2X 88Ci0.1% S0DS ai room temperature (for cenditions of low skingency):
0.2X 55CA0.1% SDS at 42°C {for conditions of moderate stingency); and 0.1X 38C at
88°C (for conditions of high stringancy). Washing can be carried out using only ane af
the canditions given, or each of the conditions can ba used (for example, washing for
10-15 minutes each in fhe order listed above). Any or all of the washes can be
repeated. As mentioned above, optimal conditions will vary and can be determined
empirically.

A second set of condliions that are considered "stringent condiions” are
those in which hybridization is carded out at 50°C in Church buffer (7% SDS,
0.5% NaHPOs. 1 M EDTA. 1% bovine sarum albumin} and washing is carried out at
50°C in 2X 88C.

Once defectad, the nuclsic acid malecules can be isolated by any of a
number of standard techniques {see, for example, Sambrock et al, "Molecular
Cloning, A Labaratory Manual," 2nd Ed. Cold Spring Harbor Laboratory Fress, Cold
Spring Harbor, NY, 1989).

The invention alst sncompasses: {a) expression vesfors that contain any
of the foregoing MASP-2-related coding sequences andior their complements (thal is,
“anfisense” sequencey; (b) expression vectors that contain any of the foregoing MASP-
2-related coding sequences operatively associated with a regulalery element
(examplas of which are given below) that directs the expression of the coding
sequences, {¢)}exprossion vectors containing, in addition to sequences encading a
MASP-2 polypeptide, nucleic acid sequences that are unrelated to nucleic acid
sequences encoding MASP-2, such as matecules encoding a reporter or marker; and
(d) genotically engineared host cells that contain any of ihe foregoing expression
vectors and thereby express the nucleic acid molecules of the invention in the hiost cell.

Recombinant nucleic acid molecule can contaih & sequence encoding a
soluble MASP-2, mature MASP-2, MASP-2 having a signal seguence, or funclional
domains of MASF-2 such as the serine protease domain, EGF domain, or the MBL-
binding domain. The full length MASP-2 pelypeptide, a domain of MASP-2, or &
fragment thereof may be fused to addiional polypeptides, as descriped below.
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Simitarly, the nuclels acid molecules of the: invention can encode the mature form of
MASP-2 or & form that encodes a polypepiide which facilitates secretion. In the latter
instance, the palypeptide is fypically referred to ss a2 proprotein, which can ba
converted info an active form by removal of the signal sequence, far example, within
tha host cell.  Proproteins can be converted into the active form of the profein by
remaval of the inactivating sequence.

The regulatory elements referred o above include, but are not limited o,
inducible and non-inducible promoters, enhancers, opemtors and ofher elements,
which ars knowr to these skilled in the art, and which drive or otherwise regulate gena
exprassion.  Such regulatory elemants include but are not fmiied 1o the
cytomegalavirus hCMY immediate early gene, the early or fate promcters of SV40Q
adenovirus, the lac system, the ip system, the TAC system, the TRC sysism, the
major operator and promoter regions of phage A, the contrel ragions of fd coat profein,
the promoter for 3-phosphogiyvoerate kinase, the promoters of acid phesphatase, and
the pramoters of the yeast a-maling factors.

Similardy, the nucleic acid can form part of a hybrid gene encoding
additional pelypeplide sequences, for example, sequences that function as a marker or
reporter. Exarmples of marker or reporter genes include G-Hactamase, chioramphenicol
acelyitransferase  (CAT), adenosine deaminase {ADA),  aminoglycoside
phosphotransferase (nec’, G418, dihydrofolate reductase (DHFR), hygromycin-B-
phosphatransferese (HPH}, thymidine kinase (TK), lacZ (encoding B-galactosicase),
green flucrescent protein {(3FP), and xanthing guanine phosphoribosyltransferase
(XGPRT}. As with many of the standard procedures associated with tha practice of the
inventlion, skilled artisans will ba aware of additional useful reagsnts, for example, of
additional sequences that can serve the function of a marker or reporter.  Generally,
the hybrid palypeptide will Include a first partion and a second pertion; the first partion
baing a MASP-2 polypeptide and the second partion being, for example, the reperter
describer above ar an immunoeglobulin consiant region.

The exprassion systems that may be usad for pumposes of the invention
include, but are not limited to, microorganisms such as bactera (for example, E. cof
and B. subtilis) transformed with recombinant bacienophage DNA, plasmid ONA, or
cosmid DNA expreasion vectors containing the nuclaic acid molecules of the invention;
yeast (for example, Saccharomyces and Pichia) transformed with recombinant yeast
expression vectors containing the nuclsic asid molecules of the invention (praferably
containing the nudeic acid sequence of MASP-2 (SEQ 1D NO;3)); insect cell systems
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infected with recombinant virus expression veciors (for example, baculovirus)
containing the nucleic acid molecules of the invention; plant cell systems infected with
recombinant virus expression vectors (for example, cauliflowsr mosaic virus (CaMV}
and fobacen mosaic virus {TMV)) or transformed with recombinant plasmid axpression
vectors (for example, Ti plasmid} containing MASP-2 nuelectide sequences; or
mammalian cell systems {for example, CCS, CHO, BHK, 283, VER(, Hel.a, MDCK,
WI38, and MNIH 3T3 cells) harboring recombinant expression constructs containing
promoters derived from tha genome of mammalian cells (for example, the
metallothionein promoter) or from mammalian viruses (for example, the adenavirus late
promater and the vaccinia virus 7.5K prometer).

In bacterial systemms, & number of expression veclors may be
advantageously selected depending upon the use intended for the gene product being
exprassed. For example, when a large quantity of such a profein is to be preduced, for
the generation of pharmacsutical compositions containing MASP-2 polypeptides or far
raising antibodles te those polypeplides, vectors that are capable of directing the
expression of high levels of fuslor pratein products that are readily purlfed may be
desirable. Such vectors include, but are not limited fo, the E. coff expression vecior
pURZ7S (Ruther etal., EMBO J. 2:1791, 1983), in which the coding sequence of the
insert may be ligated Individually into the vector in frame with the lacZ ¢oding region sa
that a fusion protein is produced; plM veclors {Inouye and Inouye, Nuckeic Acids Res.
13:3101-3108, 1985; Van Heeke and Schuster, J. Bigd. Ghem. 264:5503-6509, 1989}
and the like. pGEX vectors may also be used to express foreign polypeptides as
fusion proteing with glutathione S-iransferase (3ST). in general, such fusion proteins
are soluble and can easlly be purified from iysed cells by adsorption to glutathione-
agarose beads followed by eluifon in the presence of free giutathione. The pGEX
veclors are designed (o include thrombin or factar Xa protease cleavage sitas 5o that
the cloned terget gene product can be released from the GST malety.

In an insect system, Aviograpfia cefifornica nuclear polyhidrosis virus
{AcNPV) can be used as a vecior to express foreign genes. The virus grows in
Spodaptera Fugiperds cefls.  The coding sequence of the Insest may be cloned
individually into non-essential regians (for axample the polyhedrin gans) of the virus
and placed under control of an AGNPY promoter {for example the polyhediin
promoter). Successful insertion of the coding sequance will result in inactivation of the
pelyhedrin gene and production of nen-occluded recombinant virug (e, vius jacking
the proteinacecus coat coded for by the palyhediin gane). These recombinant viruses
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are then ysed 1o infect Spodoptera fugipenda cells in which the inserted gene is
exprosssd. (for example, see Smith etal., J, Virpl 46;584, 1983; Smith, U.S. Palent
No. 4,215,051).

In mammalian host cells, a numbrer of viral-based expression systems may
be uflizad. (n cases where an adenovirus is used as an expression vector, the nucleic
acid malecule of the invention may be ligated to an adencvirus transcription/translation
contrel complex, for example, tha late promoter and fripariite leader sequence. This
chirneric gene may then be insetted in the adenovirus genome by in vire or in vivo
recombination. Insertien in & non-essential reglon of the viral genome (for exampia,
region E1 or EZ) will result in a recombinant virus that is viable and capable of
expressing a MASP-2 gene product in infected hosts (for example, see Logan and
Shenk, Proc. Nefl. Acad. Sol. USA 81:3655-3659, 1984). Specific nitiation signals
may also be required for efficient translation of Inserted nucleic acid malecules. These
signals include the ATG initiation coden and adjacent sequences. In cases where an
entire gene of cDNA, including its own initiation codon and adjacent sequencas, is
inserted into the appropriale expression vector, no additional translational confrol
signals may be needed. However, in cases where only a portion of the coding
seguance is ingerted, exogencus branslational confrol signals, including, perhaps, the
ATG initiation codon, must be provided. Furthermore, the initiation codon must be in
phase with the reading frame of the desired coding saguence to ensure translation of
the entire insert. These exogencus translational conirol signals and initiation codons
can be of a variely of origins, both natural and synthatic. The efficiency of expression
may he enhanced by the inclusion of appropriate tramscription enhancer elements,
transcription ferminatars, eic. (see Bittner &{al., Methods in Enzymol 153:516-544,
1687). .

In additon, a host cell sirain may be chosen which modulates the
expression of the inserted sequences, or madifies and processes the gene product in
ihe specific fashion desired. Such modifications (far example, glycosylation) and
processing {for exampile, cleavage) of protein products may be impartant for the
function of the protain.  Different host cells have characteristic ang specific
mechanisme for the post-transiational processing and madification of proteins and
gene products. Appropriate cell lines or host systems can be chosen to ensure fhe
sorract medification and processing of the foreign protein expressed. To this end,
sukaryotlc host cells which possess the cellufar machinery for proper processing of the
primary transcript, glycosylation, and phosphorylation of the gene product may ba
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used, The mammalian cefl types lisfed above are among those that could serve as
suitable host sells.

For long-term, high-yield preduction of recombinant proteins, stable
expreasion is preferred.  For examale, coll lines which stably express the MASP-2
sequences described above may be engineered. Rather than using expression
vectors which contain viral origing of replication, host cells can be transformed with
DNA controlled by appropriate exprassion control slements (for example, promoter,
gnhancer sequencas, transcription tenminators, polyadenylation sites, elc.), and a
selectable marker, Following the introduction of the foreign DNA, engineered cells
may be aliowed to grow for 1-2 days in an enriched media, and then switched to a
selective media. The selectable marker in the recombinant glasmid confers resistanca
to the selection and allows cells to stably integrate the plasmid inte their chromosomes
and grow to form foci which in fum can be clored and expanded inte cell lines. This
methed can advantagecusly be used to engineer cell lines which exprass MASP-2.
Such engineered cell lines may be particulady usaful in screening and avaluation of
compounds that affect the endogenous activity of the gene product and for production
of MASP-2 for theraputic uses. Thase methods may also be used to modify calls that
are infroduced into a host organism either for experimental ar theraputic purposes.
The intreducad cells may be fransient or permanent within the host arganism.

A number of selection sysiems can be used. For example, the herpes
simplex virus thymidine kinase {Wigler, etal., Cefl 11:223, 1877), hypoxanthine-
guanine phosphoribosyltransferase (Szybalska and Szybalski, Proc. Nat! Acad. Sci.
USA 48:2026, 1062), and adenine phosphoribosyltransferase {Lowy, etal, Celf
22:817, 1980} genes can ba employed In #¢, hgptt' or aprt’ colls, respectively. Also,
anti-metzbolite resistance can be used as the baslke of selection for the following
genes: dhir, which confers resistance o methotrexate (wWigler et al., Proc. Naii. Acad.
Sel. USA 773567, 1980; O'Hare et al., Proc. Natl Acad. Sci. US4 T8:1527, 1981); gpt,
which confers resistance to mysophenolic acld (Mulligan and Berg, Proc. Natl. Acad.
Sei. USA 76:2072, 1881); nec, which confers resistance 1o the aminoylycoside S-418
(Colberre-Garapin etal, J. #ol Biol 150:1, 1981); and hygro, which confars
resistance ta hygromycin (Santerre et al., Gene 30:147. 1984).

Alternatively, any fusion protein may be readily purified by ufifizing an
aniibody specific for the fusion protein being expressed. Far example, a system
described by Janknecht et al. allows for the ready purification of non-denatured fusion
prefeing expressed in human ceall lines (Proc. Nafl Acad. Sci. USA 88: BO972-8876,
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1891). In this system, the gene of interest is subeloned into a vacdinia recombination
plasmid such that the gene's open reading frame is translaticnally fused to an aminp-
terminal tag consisting of six histidine residuss. Exiracts from colls infected with
recombinant vaccinla virus are loaded onto Ni*"nitrilogcetic acid-agarase columns and

histidine-tagged proteins are selectively eluted with imidazole-containing buffers.

MASP-2 polypsplides

The MASP-2 polypeptides according to the present invention are
polypepiides comprising amino acid segquences derived from SEQ ID NO. 2.
Furthermore, MASP-2 paolypeptides described herein are those encoded by any of the
nucleic acid molecules described above and include MASP-2 fragments, mufants,
truncated forms, and fusion profeins. These polypeptides can be prepared for & variety
of uses, including but noi limited o the generation of antibodies, as reagenis in
diagnostic assays, for the identification of other cellular gene preducts or compounds
that can modutate the MBLectin response, and as pharmaceutical reagents useful for
the treatment of inffammation and ceriain disorders (described below} that are
agsociated with activity of of the MBLectin pathway, Preferred polvpeptides are
substantially pure MASP.2 polypeptides, including those that comespond to the
polypeptide with an intact signal sequence {extending from amine acids 1-15 of SEQ
D NO:2), the mature form of the palypeptide {extending from amino acids 16-686 of
SEQ D NO:2} of the human MASP-2 polypeptide as well as polypeptides representing
a part of the MASP-2 polypeptide. Espacially preferred are polypeptides that ane
soluble under normal physiological conditions.

In ene embodiment the invention also encompasses polypeptides that ars
funclionally equivalent to MASP-2. Functionsl equivalents may comprise only a
fragment of the MASP-2 aminc acid sequance as outlinad in SEQ 1D. 2. In prefered
embodiments the MASP-2 polypeptides are selected from the group consisting of:

i} Polypeptides comprising the sequence identified as SEGQ ID NO 1 or a
Tunctional equivalent thereof; and

ii) Polypeptides comprising the sequence identified as SEQ D NO 1 having
a molecular mass of 20 kD or a functional equivalent thereof; and

iii} Polypeptide comprises amino acid 30 to 444 of SEQ ID NOQ. 2 ar a
junciional equivalent thereof; and
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v}  Polypeptide comprises amine acid 30 to 444 of SEQ 10 NC. having a
molecular mass of 52 kD or a functional equivalent thersof; end

v} Pafypeptide comprising amino acid 138 to 286 of SEQ 1D NO. 2 ar a
functional equivalent thereof; and

vi}  Polypaptides comprising an amine acid sequence derved from SEQ
ID NG 2 having serine protease activity or a functional equivalent
thereof; and

vii) Polypeptides comprising an amina acid sequence darivad from SEQ
iD NO 2 capable of MASP-2 activity in an in vitro assay for MBL
complement pathway function; and

viii} Polypeplides comprising amino acid 1510 671 of SEQIDNQ 3or a
functional equivalsnt thereof; and

ix)  Polypeplidas comprising amino acid 16 to 296 of SEQ IDNO. 2ore
functional equivalent thersof; and

%}  Polypsptides compristng aming acid 30 t6 296 of SEQ ID NG. 2 or 2
functional equivalent theraof.

These polypeptides are equivalent to MASP-2 In that thay are capable of carrying out
one or more of the functions of MASP-2 in a biolcgical system. Prefered MASP-2
polypeplides have 20%, 40%, 56%, 75%, 80%, or even 90% of the activity of the full
length, mature human form of MASP-2 described herein.  Such comparisens are
generally based on an assay of biological activity in which egual concentrations of the
polypeptides are used and compered. The comperisen can also be based on the
amaunt of the polypepfide required to reach 50% of the maximal activity obtainable.

Funcionally equivalent proteins can be those, for example, that contain
additional, deleted or substituted amino acid residues. Substitutions may be made on
the basis of similarity in pelarity, charge, solubility, hydrophobicity, hydrophilicity, andfer
the al'nphlpathic nature- of the residues involved. Amino acids thai are typically
considered o provide a censervative substitution for one anpther are specified in the
summary of the invention. D-amine acids may be intreduced in order to modily the
half-life of hte polypeptide.

Palypeptides that are functionally equiveleni to MASP-2 (SEQ ID NO:2)
can be made using random mutsgenesis techniques well known to thase skilled in the
art {and the resulting mutant MASP-2 proieing can be tested for activity). } is more
likely, however, that such polypeplides will be generated by site-directed mutagenesis
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{again using technigues well known to those skilled in the art). These polypeptides
may have an increased function, le., a greater ability to activate the MBLectin
pathway. Such polypeptides can be used i enhance the activity of MBLectin pathway
immune function.

To design functionally equivalent polypeptides, it is useful fo distinguish
between conserved positions and varigble positions. This can be done by aligning the
sequence of MASP-2 cDNAs that were oblained from various organisms,  Skilled
arfisans will recognize that conserved amino acid residues are more lkely o be
necassary for preservation of funciion. Thus, it is preferable that conserved rasidugs
are not altered

Mutations within the MASP-2 coding sequence can be made o generafe
IMASP-Z peptides that are better suifed for expression in a selecied host cell.
Introduction of a glycosylation sequence can alsc be used 10 generate a MASP-2
polypeptide with allered biglogical characteristics.

The Invention also features methads for assay of polymorphisms within the
polypeptide sequence comprising MASP-Z ar its precurser. This may be accomplished
by @ number of fechnigues. For example, the purified polypentide is subjected to
tryptic digestion and the resulting fragments analyzed by either one-or two dimensional
eleotropheresis. The results from analysis of a sample polypeptids are compared fo the
results using & known sequence. Also the analysis may encompass separation of &
biological sample (2.9, serum or ather body fluids) by either one- or two-dimensiona!
electrophoresis followed by transfer of the separated profeins onto a membrane
{western blot). The membrane is fhen reacted with antibodies against MASP-2,
followed by a secondary labelled antibody. The staining pattam is comparead with that
ebtained using a sample with a known sequenee or modification.

The polypepiides of the invention can be expressed fused o anather
polypeptide, for example, & marker polypeptide or fusion partner. For example, the
polypeptide can be fused fo a hexa-hisfidine tag to facilitate purification of bacterially
expressed protein or a hemagglutinin tag e facilitete purification of protein expressed
in eukaryotic celts. The MASP-2 polypeptide of the invention, or a portion thereof, can
also be sltered so that it has a longer circulating hali-ife by fusion to an
immunocglobulin Fe domain {Capon etal, MNafure 337:525-531, 1989). Similary, a
dimeric form of the MASP-2 polypeptide can be produced, which has increasad
stability in vivo.
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The polypeptides of the Inveniion can be chemically synthesized {for

exampie, see Creighton, "Proteins: Structures and Molecular Principles,” W.H.
Freeman & Co., NY, 1923), or, perhaps more advantagecusly, produced by
racombinant DNA technolagy as described hereln, For additional guidance, skifled

artisans may consult Ausubel et al. {supra), Sambrock et al. ("Molecular Cloning, A

Laboratory
particularly
Synthesis,”

Manual," Cold Spring Harbor Press, Cold Spring Harbor, NY, 1988}, and,
for examples of chemicat synthesis Gait, M.J. Ed. {"Qligonuclectice
IRL Press, Cxford, 1934).

The invention also features polypeplides that may be capable of compeditively inhib-

iting MASP

-2 activity. In one embodiment such polypaptides may be selected from

tha group consisting of:

ii)

iy

v)

vi)

Polypeptides comprising a fragment of the polypeptide of SEQ 1D NC:
2, said polypeplide being a competitive inhibitor of complexing of
MBL/MASP-2Z or a funclional equivalent thereof; and

Polypeptides comprising tha sequence identified as SEQ ID NO: 3 ar
a functional equivalent thereof, wherein one or more of the amino
acid residues at positon 8, 8, 10, 11, 12, 13, 14, 15, 16,17, 18, or 19
has been substituted with arcther amino acid residus; and
Pclypeptides comprising the sequence identifiad as SEQ ID NO: 3 or
a functionai equivalent thereof, wharein at least two of the amino acid
residues at position 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19 has
been substituted with another amino acid residue; and

Palypeptides comprising the sequence ldentified as SEQ (D NOC: 3 or
a functional equivalent therecf, wharein the arg at position 14 has
been substituted for another amino acid; and

Paolypeptides comprising the sequence identiied as SEQ ID NG: 3or
a functional equivalent thereof, wherein the arg at position 14 has
hesn substituted for an amino acid selected from the group consisting
of small uncharged amine acids; and

Polypeptides comprising the sequence ldentified as SEQ ID NO: 3 or
& functional equivalent thereof, wherein the arg at position 14 has
been substituted for an amino acid selected from the group consisting
of gly and als; and
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Vi) Polypeptides comprising fragments of mannan-binding lectin (MBL)
that can associate with MASP-2 or functional homologues thereof.
vii)  Antibodies that selectively binds MASP-2

The invention also features polypeptides that interact with MASP-2 {and the
ganes that encade them) and thereby alter the function of MASP-2 interacling
poiypeptides can be identified using methods known to those skilled in the art. One
suilable method is the “"two-lybrid system,” which detecis protein interactions in vivo
{Chien et al., Proc. Nall. Acad. Sci. USA, 85:9578, 1881). A kit for practicing this
mathod is available from Ciontech (Palo Alto, CA).

Amti-MASP-2 antibodies

Human MASP-2 polypeptides (or immunogenic fragments or analogs) can
be used fo raise antibodies useful in the invention; such polypeptides can be produced
by recombinant techrigues or synthesized (see, for example, “Solid Phase Peptide
Synihesis,” supra; Ausubel et al., supra). In general, the peptides can be couplad to a
carnar protein, such as KLH, as described in Ausubel etal, supra, mixed with an
adjuvant, and injected into a host mammal. Also the carrier could be PPD. Anfibodies
can be purified by peptide antigen affinity chromatography.

In particutar, various host animals can be immunized by injection with a
MASP-2 prolein or polypeptide. Host animals include rabbits, mice, guinea pigs, rats,
and chickens. Varous adjuvants that can be used to increase the Immunological
response depend on the host species and include Freund's adjuvant (complete and
Incomplete), mineral gels such as aluminum hydroxide, surface active substances
such as lyscledithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhaole
limpet hemeocyanin, and dinitrophencl. Potentially useful human adjuvants include
BCG {bacille Calmette-Guerin} and Conynebacterium parvumi.  Polygional antibodies
are heterogeneous populations of antibedy molecules that are contained in the sera of
the immunized animals,

Antibodies within the invention therefore Include polycional antibodles and,
it eddition, menodlonal antibadies, humanized or chimeric anfibodies, single chalh
antibodies, Fab fragments, F(ab'), fragments, and molecuies produced using a Fab
axprasaion library, and antibodies or fragments produced by phage display technigues.

Monoclonal antibodies, which are homogeneous poputations of antibodies
fo a particular antigen, can be prepared using the MASP-2 proteins described above
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and standard hybtidoma technology (see, for example, Kohler et al., Nature 256:485,
1975, Kabler et al., Eur. J. fmmunoi. 6:511, 1976; Kohlar et al., Eur. J. immunol 6:292,
1976; Hammerling et al., "Monoclenal Antibodias and T Cefl Hybridomas," Elsevier,
NY, 1981; Ausubel et ai., supra).

In pasticular, mancctonal anibodies can be cbiained by any technique that
provides for the preduction of anfibody molecules by continuous celf lines in culture
such as described in Kohler stal, Nafure 256:495, 1975, and U.S. Patent No.
4,376,110; the human B-cell hybridoma technique (Kosbor et al., knmunojogy Today
472, 1882; Cois et al,, Prac. Nal Acad. Sci. USA 80:2026, 1983), and the EBV-
hybridoma tachniqua (Cole et al, "Monoclonal Antibodies and Cancer Therapy," Alan
R. Uiss, Inc., pp. 77-96, 1983). Such antibodies can be of any immunoglobulln class
including oG, lgM, IgE, lgA, 1gD and any subclass theraof. (In the case of chekens,
the Immunoglobulin class can also be IgY.} The hybridoma produsing the mAkb of this
invantion may be cultivated i viro or imwivo. The ability to produce high fiters of
mAbs f vivo makes this the presently preferred miethod of production, but in some
cases, i vitro production will be preferred to avoid infroducing cancer cells into e
animnals, for example, in cases where the presence of nomal immunioglobulins coming
from the acitis fluids are unwanted, or in cases involving athical considarations.

Once praduced, polyclonal, maonockonal, or phage-denived antibodies are
tested for spacific MASP-2 recognition by Western blot or immuncprecipitation analysia
by standard methods, ... as described in Ausubel etal., supra. Antibodies that
spaclfically recognize and bind to MASP-2 are usefui in the Invention. For example,
such antibodies can be used in an immuncassay to monitor the level of MASP-2
produced by an animal (for example, to determine the armount or subeeliuler location of
MASP-2). Also, the antibodies may be used as MASP-2 inhibitors as discussed below.

Prefarably, antihodies of the invention are preduced using fragments of the
MASP-2 protein which lie ouiside highly conserved regions and appear likely to ba
anligenic, by criteria such as high frequency of charged residues. n one specific
axample, such fragments are generaled by standard techniques of PCR, and are then
cloned infe the pGEX expression vector fAusubel et al., supra). Fusion proteins are
expressed in £. cofl and purified using a glutathione agarose affinity matrix as
described in Ausubel, et al., supra.

In s0me cases it may be desirable to minimize the potential problems of low
affinity or specificity of anfisera. In such circumsiances, two or three fusions can be
generated for each protein, and each fusion can be infected into at least two rabbits.
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Antisera can be raized Dy injections in & serfes, preferably including at least three
booster infections,

Antisera is also checkad for its ability to immunoprecipitate recombinant
MASP-2 proteins or control proteins, such as glucocerficoid receptor, CAT, or
luciferase.

Thie anibodies can be used, for example, in the detection of the MASP-2 in
a biclogical sample as part of a diagnostic assay. Antibodies also can be used in a
screening assay to measure the effect of a candidate compound on expression or
Incatization of MASP-2. Additionally, such antibodiss can be used in conjunction with
the gene therapy techniques described to, for example, evaluate the normal andfor
engineared MASP-2-expressing cells prior 1o their introduction into the patient. Such
antibodies adgitionally can be used in & method for inhibiting abnomnal MASP-2
achivity.

In  addition, technigues developed for the production of “chimeric
antitodies* (Momison etal. Proc. Nafl Acad Sci. L/SA, B1:6851, 1964; Neuberger
et al., Nafure, 312:604, 1884; Takeda et al, Nalurs, 314:452, 1984} by splicing the
genes from a mouse antibody molecule of appropriate antigen specificky together with
genes fram a human antibady molecule of appropriate bioloaical activity can be used.
A chimetic antibody Is & moleculs in which different portions are derived from different
animal species, such as those having a variable region derived from a murine mAb
and a human immunoglobulin constant region.

Altematively, techniques described for the production of single chaln
antibodies (U.S. Patent Nos. 4,946,778, 4,946,778, and 4,704,692) can be adapted to
produce singte chain antibodies against 2 MASP-2 proteln or polypeptide. Single chain
antihodies are formed by linking the heavy and light chain fragments of the Fv region
via an amina acid bridgs, resulting in a singke chain polypeptide.

Antibody fragments that recognize and bind o specific epitopes can be
generated by known techniques. For example, such fragments include but are not
limitedt to F(ab'), fragments that can be produced by pepsin digestion of the anfibody
molecule, and Fab fragments that can be generated by raducing the disulfide hridges
of F{ab'} fragments. Alternatively, Fab expraesion libraries can be constructed (Huse
etal, Science, 246:1276, 1089) to allow rapid and easy identification of monoclonal
Fab fragments with the desired specificity.

Antthodies to MASP-2 can, In furn, be used to generste anti-diatype
antibodies that resemble a portion of MASP-2 using techniques well known to those
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skilled in the art (seB, e.g. Greenspan etal., FASERJ 7:437, 1993; Nissinoff. J
Immunal. 1472429, 1891).  Far example, anthedies that bind to MASP-2 and
competitively inhibit the binding of a kgand of MASP-2 can be used to gensrate antl-
idiotypes that resemble a ligand binding demain of MASP-2 and, therefore, bind and
nedtralize a ligand of MASP-2 such as MBL. Such neutralizing anti-idiatypic antibodies
or Fab fragments of such anti-idiotypic antibodies can be used in therapeutic regimens.

Antibodies can be humanized by methads known in the an. For example,
monoctonal antibodies with a desired binding specificity can be commaercially
humanized (Seotgene, Scotland; Oxford Molecular, Palo Alto, CA)  Fully human
anfibedies, such as those expressed in fransgenic animals are alsu features of the
inventionr {Green et al, Nalure Genetics 7:13-21, 1994; see also U.S. Patenfs
5,545,806 and 5,569,825, both of which are hereby incorporated by reference).

The methads described herein in which anti-MASP-2 antibodies are
employed may be performed, for example, by uiilizing pre-packaged diagnostic kits
comprising at least one specific MASP-Z nuclectide sequence or antibody reagent
described herein, which may be convenienily Lsed, for example, in clinical seftings, to
diagnose patients exhibiting symptoms of the disordars deseribed below.

Quanititative asaays of MASP-2

As an example only, quaniitative assays may be devised for the esfimation
of MASP-2 concentrations in body fluids or organ (biopsy) extracts. Such assays may
be fluid phase or solid phase. Examples are competitive and non-compatitive ELISAs.
As an example of the latter, microter wells are coaled with anfi-MASP-2 antibedy,
incubated with samples, and the presence of MASP-2 visuglized with enzyme-tahelled
antibogy followed by substrate that depostts a colored compound.  Allemativaly, &
label such as europium may be used and the detection made by use of time resolved
fuorometry.

Assays of the functional activity of MASP-2, either alone or as part of the
MBL/MASP complex may be performed by several methads. As an example of a test
for MBLY MASP-2 complex, the test sample is applied onlo mannan-coaled micro wells
and C4 Is added to estimate the C4-cleaving activity, or C3 is added to estimate the G2
cleaving activity of the generated C3 convertase. Assay of MASP-Z not ocourring as
part of the MBUMASP complex is camied out simllarly, but MBL is added sither to the
micra well or to the sample before adding this to the mannan-coated well. Before the
addition of MBL the sample may be depleled of MBL and MBUMASP-1 and
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MBLMASP-2 complexes by treatment with solid phase mannan, e.g. attached to
beads, or by solid phase ant-MBL antibodies, or by treatment with a suiiable
concentration of a precipitating agent, 6.9., PEG, which precipitates the complex but
lsaves MABP-2 in the supematant. The assay is cariad ouf at conditions which
mirimize or eliminate interference from the classical cemplement activation pathway
and the aliernative complement activation pathway.

Assays estimating the aclivity of MASP-2 or MASP-2 may be used for
diagnastic and treatment purposes in samples from individuals, notably those suffering

from infectious or inflammaicry diseases.

MASP-2 for therapy

Thearapeutic use of components speclfied in the claims may be applied in
situations whera a constifutional or temporary deficiency in MASP-2 renders ihe
individusl susceptible to one or mere infections, or situations where the Individual
cannot neutralize an established infection. In particular, the present Invention relates to
uses of MASP-2 for the preparation of a medicament for the treatment of infections.
Even though prefarably, MASP-2 deficient individuals may be treated with MASP-2,
also individuals with nermal MASP-2 acivity in serum may be treated.

In & further embaediment of the present invention MASP-2 may be used for preparation
of a medicament for the treatment of infections in an individual with low MBL serum
levels. In siieh an embediment the pharmacewtical composition preferably further-
more comprises at least one mannan-binding lectin {(MBL) subunit, or at least one
mannan-pinding lectin (MBL} oligomer comprizing the at least one mannan-binding
lecfin (MBL) subunit. Altarnativaly, MASP-2 and MBL may be adninistrated as a kit-
of-parts.

Preferably, MBL oligomers according to the present invention is selected from the
group af oligorers consisting of tetramers, pertamers and/or hexamers of MBL.
MBL may be recombinantly produced or purified naturally cccurning MBL. For ex-
ample MBL may be any of the MBL species disclosed in patent applications
PGT/DK00/00246 or PGT/DKO0/0G247, which are hereby incorporated by reference.

JP 2004-504027 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

16

20

25

35

(83)

WO 0206460 PCT/DKA100499

34

Low MBL serum levels according o the present invention are preferably MBL sarum
levels below 50G ng/ml, more preferably, MBL serum levels below 100 ng/ml, even
more preferably, MBL serum level below 50 ng/ml.

Also, MASP-Z2 may be adminisirated to individuals receiving MBL treatment
indepandant of the serum MBL laval in arder to sscure sufficiant amount of MASP-2
avaible for the administrated MBL.

MASP-Z or MBIL/MASP complexes can be administered, preferably by [niravenous
infusions, in order to improve the individual's immune defense.

We believe MASP-2 is required for the powsrful antimicrobial activity of the
MBUMASP complex, and deficiency in MASP-2, either genefically determined or
acquired, will therefore compromise an individual's resistance fo Infections and abiity
to combat established infections. Reconstitution with natural or recombinant MASP-2 is
a useful treatment modalily in such situations. Recombinant MASP-2 may be in the
form of the whole molecule, parts of the molecule, or the whole or part thersof attached
by any means to another structure in order to modulate the activity. The recombinant
products may ba identical in structure to the natural molecule ar slightly modified to
vietd enhanced activity or decreased activity when such is desired.

Reconstilution therapy with MBL, either natural or recombinant, requires
that the recipient has sufficient MASP-2 for the expression of MBUMASP activity.
Thus, MASP-2 must be included in the therapeutic preparation when the patient has
insufficient MASP-2 getivity.

MASP-Z is preferably administrated in a dosage, which resulls in a concartration of
MASP-2 in sarum of the Individual to be reated of between 50 ng/mi to 1000 ngfml,
preferably, between 100 ng/ml to 800 :giml, more prefarably, betwesn 500 ng/ml to
500 ug/ml, even more preferably, between 758 ng/ml to 250 pg/ml. vet more
preferably, between 1 pgiml fo 100 pgfml, even more preferably, between 2 pg/ml to
50 paimi, most preferably, between 2 pg/mi to 10 pgimi.

The infection which may be treated with the pharmaceutical compositions acoording to
the present invention may be infection by any infectious agent. For example the
infection may be caused by a microbial species.
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The micrabial species may be a fungus or the microbial species may ba a yeast or
the microbial species may be a bacteria of the microbial species may be a parasite.

Bagcisrias eccording to the present invention may for example be selected from fhe
group consisting of Achromabacter xylosoxidans, Acinetobacter calcoacaticus,
preferably A. anitratus, A. haemolyticus, A. alcaligenes, and A. lwoffii, Actinomyces
israglii, Aaramaonas hydraphilia, Alcallgenes species, preferably A. fascalls, A.
odorans and A. denftrificans, Arizona hinshawii, Bacillus anthracis, Bacillus cersus,
Bacleroides fragilis, Bacteroides melaninogenicus, Bordetslla pertussis, Borrelia
burgdorferi, Borrelia racurrentis, Brucslla spacies, prefarahly B. abortus, B. suis, B.
melitensis and B. canis, Calymmatobacterium granulomatis, Campylebacter fetus
ssp. intestinalis, Campylobacter fetus ssp. jejuni, Chtamydia species, preferably C.
psittaci and C. trachomatis, Crromobacierium violaceum, Girobacter spacies.
preferably C. freundii and C. diversus, Clostridium botulinum, Clostridium
periningens, Clostridium difficile, Clostridivm tetani, Corynebacterium diphtheriae,
Corynebacterfum, preferably C. ulcerans, €. hagmolyticum and C.
pseudatuberculosis, Coxiella burmedii, Edwardsiella tarda, Eikenella corrodens,
Entgrobacter, preferably E. cleacae, E. asragenes, E. hafhiae {also named Hafnia
alvei) and E. agglomerans, Esysipelothrix rhusiopathiae, Escherichia coli,
Favobacterium meningosepticum, Francisella tularensis, Fusobacterium nucleaturn,
Gardnerella vaginalis, Haernophilus ducreyi, Haemaophilus influenzae, Helicobacter
species, Klebsieila species, preferably K. pneumoniae, K. ozaenae og K.
rhinoscleromatis, Legionella species, Leptospira interrogans, Listeria
monoeytogenss, Moraxella species, preferably M. lacunata and M. osloensis,
Mycohactericum bovis, Mycobacferium lepras, Mycobacterium tuberculosis,
Mycoplasma spacies, preferatly M. pheumoniae, Neissaria gonarrhosae, Neisseria
meningitidis, Nocardia species, preferably N. astaroides and N. brasiliensis,
Pasterurells haemolytica, Pasteurella multosida, Peptococcus magnus,
Plesiomonas shigelaides, Preumococs, Proteus species, preferably P. mirebllis, P.
vulgarie, P. retigeri and P. morganii {also named Providencia retigeri and
Morganella morganii respectively), Providencia species, preferably P. alcalifaciens,
P. stuatil and P. rettgeri {also named Proteus retiger), Pseudomonas asruginosa,
Pseudomonas mallet, Pseudomenas pseudomallei, Rickettsia, Rochalimaia
henselas, Salmonalla species, preferably 8. enteridls, 3, yphl and S. derby, and
most preferably Salmonella species of the type Salmonelia DT404, Seratia species,
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preferabiy S. marcescens, Shigella dysenteriae, 8. flexneri, 5. boydii and S. sonnet,
Spirillum miner, Staghylococcus aureus, Staphylococeus epidermidis,
Staphylococeus saprophyticus, Streptobacillus moniliformis, Streptacoccus,
preferably S. faecalis, 8. faecium and S. durans, Streptococcus agelactiae,
Streptococcus pneumeniae, Strepiococcus pyogenes, Treponema carateum,
Treponeam pallidum, Treponema pertenue, préferably T. pallidum, Ureaplasma
urealyticum, Vibrio choleras, Vibric parahasmotyticus, Yersinia enterocolitica, and

Yarsinia pastis.

Parasites according to the present invention may for example be selectsd from the
group consisting of Malatia (Plasmadium. falciparum, P. vivax, P. malariag), Schis-
fosomes, Trypanosomes, Leishmania, Fllarial nematodes, Trichomontasis, Sarco-
sporidiasis, Taenia (T. saginata, T. solium), Leishmania, Toxeptasma gondii, Trichi-
nelasis (Trichineila spiralis} or Coccidiosls (Eimeria species).

Fungi may for exarmple be selected from the group consisting of Cryplococcus neo-
formans, Candida albicans, Apergillus furigatus and Coccldioldomycosis.

In one preferred embodiment the bacterlal specles may be resistent to at least one
antibiotic medicament. For example the bacterial species may be multiresistent. In
one axamplo the hacterial spedes is pathogonic,

In another ambodiment of the present invention the infaction Is a viral infection, that
is infection by a virus.

Viruses according to the present invention may for example be selected from the:
group censlsling of: Adeno-assaciated virus, Adenavirus, Aviar infectious bronchitis
virus, Baculovirus, Chicken pax, Cerena virus, Cytomegalovirus, Distemper, Entero-
virug, Epstein Barr virus, Feline leukemia virus, Flavivirus, Foot and mouth digease
virus, Hepatitts A, Hepatitis B, Hepatitis C, Hepalitis E, Herpes species, Herpes sim-
plex, Influenza virus, HiV-1, HIV-2, HTLV 1, Influenza A and B, Kbnjin virus, Lassa
fever virus, LOMV {lymphacytic choriomeningitis virus), lentivirus, Measles, Menga
virus, Morbillivirus, Myxevirus, Papiloma virus, Parovirus, Parainfluenza virus,
Paramyxavirus, Parvevirus, Poke virus, Polio virus, Polyoma tumour virus, pseu-
dorabies, Rabies virus, Reovirus, Respiratory synoytial virus, retrovirus, rhinovirus,
Rinderpest, Rotavirus, Semiiki forest virus, Sendai virus, Simian Virus 40, Sindbis
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virug, 8V5, Tick borne encephalitis virus, Togavirus {rubella, yellow fever, dengue
fever), Vaccinia virus, Venezuelan equine encephalomyelitis and Vesicular stomatis

virus.

In one praferred embadiment the virus s a retravirus, such as for example Human
Immuncdeficiency Vins,

Assays for MASP-2

Therapy with MASP-2 (or MASP-2 irhibifors) must usually be preceded by
the estimation of MASP-2 in serum or plasma from the patient. Examples of such
assays are described below.

Assays for MASP-2 antigen.

MASP-2 protein i8 conveniently estimated as antigen using one of the
standard Immunclogical procedures.

As an example only, a quantiative TRIFMA (iime resolved
immunofluorometric assay) for MASP-2 was constructed by 1) coating microtitre wells
with 1 pg ant-G'MASP-2 antibody; 2} blocking with Tween-20; 3} applying fest
samples, e.g. diluied plasma or serum samplas: 4) applying Eu-labslled anti-N' MASR-
2 antibady; 8) applying enhancerment sotution {(Wallac Ltd): 6) reading the Eu on a time
resolved fluarometer. {Estimation by ELISA may be carried out similarly, a.9. by using
biotin-tabelied anfi-NMASP-2 in step 4; akaline phosphatase-labelled avidin in step &;
8} apply subsfrate; and 7) read the colour intensity.) Between each step, the plate was
incubatad at room temperature and washed, except between step 6 and 7. A
calibraion curve may be consfructed using dilutions of pooled nomal plasma,
arbitrarly said to contain 1 unit of MASP-2 per ml. The antibodies used in this first
version of 3 MASP-2 assay were raised against synthetic paptides and reacted paorniy
with native MASP-2. The samples are thus prefreated with SDS on a bolling water bath
for 5 min. and the SDS neutralized with non-lonic detergent (Triten X-100) before the
assay. A further development of the assay employs antibodies reacting with native
MASP-Z, thus rendering the SDS {reatment superfluous.

Assays may be similady constructed using antibodies, polyclonal or
monoclonal or recombinant antibodies, which reacts with MASP-2, natwal or
recombinant, or pans fhereof.
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Through the use of antibodies reacting selectivaly with intact MASP-2 or
with activation products, or through combination of antibodies against various parts of
the molecule, assays may he construcied for the estimation of the activation /n vivo of
the MBLectin pathway, These astays will be useful for the detemnination of
inflammation caused by the activation of this pathway.

Assays for MASP-2 activity of the MBLMASP complex.

MASP-2 may be estimated by its capacity to activate the complement
systemn. Whan C4 is cleaved by MASP-2 an active thicl ester is exposed and G4 be-
comes covalently attached fo nearby nucleophilic groups. A substantial part of the C4b
will thus become alteched to the coated plastic well and may be detected by anti-C4
antibody. Thus, assays of the funciional activity of MASP-2 either alane or as part of
the MBL/MASP complex may be performed by several methods. The activity of
MBL/MASP-2 to claave the C4 may be assayed by the following msthod for detect-
ing MASP-2, said method comprising an assay for MASP-2 activity, comprising the
steps of

- applying a sample comprising a predetermined amouni of MBL to a solid phase
abtaining bound MBL,

- applying a predetermined amount of MASP-2 to the bound MBL

- applying at least one complement factor to the complexes,

- detecting the amount of cleaved complement factors,

- correlating the amount of ¢leaved caomplement factors o the amount of MASP-2,
and

- determining the activily of MASP-2.

aor

- 2pplying a sample comprising a predetermined amount of MBL/MASP-2 cam-
plexes ta a solid phase obtaining bound complexes,
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- applying at least one complement factor fo fhe complexes,

- detecting the amount of cleaved complement factors,

- correlating the amount of cleaved camplement factors to the amount of MASP-2,
and

-~ determining the activity of MASP-2.

A guantitative TRIFMA for MASP-2 activity was constructed by 1} coating microtitre
wells with 1 tg marman in 100 ! buffer; 2) blocking with Tween-20; 3) applying test
samples, e.g. diluted plagma or serum samples: 4) applying purified complement factor
C4 at 5 pgé/ml; 5} incubate for one hour at 37°C; 6} applying Eu-labelled anti-C4 anti-
bedy; 7) applying enhancement solution, and 8} reading the Eu by lime resolved fluo-
rometry. (Estimation by ELISA may be caried out similarly, e.g. by applying biotin-
labelied anti-C4 in siep 8; 7) apply alkaline phosphatase-labelled avidin; 8) apply sub-
strale; and B) read the colour intensity). Betwsen sach stap the plate was incubated at
room temperature and washad, except between step 7 and 8. A calibration curve can
be constructed using dilufions of one selected normal plasma, arbitrarily said o contain
1 unit of MBL/MASP-2 activity par ml. The assay is carried oul at conditions which pre-
clude activation of G4 by the dassical or altemative complement activetion pathways.
The activation of C4 was complately inhibitad by the serine prateasa inhibitor benza-
midine. Activation of the classical complement pathway is preferably inhibited to re-
duca the artefacts of the assay. It is preferred that the Inhibition is conducted by car-
rying out the assay at high ionic sirength, such as wherein the salt concentration is
above 0.2 M, such as above 2.5 M, such as in the range of from 0.3 M to 10 M, such
as from 0.5 M ¢ 5 M, such as from 0.7 I to 2 M, such as from 0.9 M fo 2 I, such
as abaut 1.0 M. The salts used may be ary one or mare salts sullable for the assay,
such as salts selected from NaCl, KCl, MgClz, CaClz, Nal, KCI, Mgl,, Calz, from
NaBr, KBr, MaBry, CaBry, Naa8a0s, (NH3)304, and NH:HCO;. The inhibition of the
classical pathway does preferably not intsrfere with the MBLIMASP complex but de-
stroys the G1qgrs complex
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The inhikitien of the alternative pathway may be carried cut by diluting the sample at
least § times, such as at least 10 times, such as at least 20 times or mare, before

conducting the assay.

Assays for the asfimation of free MASP-2 activily.

The estimation of MASP-2 activity in samples from MBL-deficient
individuals is carried out on wells coated with MASP-free MEL. The estimation of free
MASP in samples from individuals with MEL is carried out by first removing
MBLAMASP-1 and MBL/MASP-2 complexes by incubaling with Sepharose-coupled
mannar {300 yl of 10 fold diluted plasma or serum is incubated with 10 pl beads), and
then analyzing the supematant.

The assay camied out in the TRIFMA formate proceeds as foflows: 1)
coating microtitre wells with 1 ug mannan in 100 pl buffer; 2} blocking with Tween-20;
3) Incubate sample at a 1000 fold dilution in buffer with 108 ng of MASP-free MBL/mI,
and applving 190 pl of the mixture per well, 4} incubate over nigint at 4°C; 4) wash and
applying purified complemeant factor G4 at 5 yg/ml; §) incubate for one hour at 37°C; 6)

'applying Eu-labelied anti-C4 antibody; 7} applying erhancement solution; and )

reading the Fu by time resolved fluoremetry. (Estimation by ELISA may be carried out
simitady, e.g. by applying biofin-labelled ant-C4 in step 6, 7) apply atkaline
phosphatase-labelled avidin; 8) apply substrate; and 9) read the colour intensity.)
Betwesn aach stap the plate was washed, except between step 7 and 8. A calibration
curve may ke constructed using dilutions of one selected MBL-deficient plasma,
arbitrarily said to contain 1 unli af MASP-2 activity per ml, The assay is cartiad out gt
cohditions which preclude activation of C4 by the classical or allermative complemnent
activation pathways (5ee above).

Inhibition of MASP-2 activily.

Inhibitors of the biological activity of MASP-2 may be employed to control
the complement aclivating activity and inflammatory activity of MASP-2. Such
inhibitors may be substrate analogues representing farget structures of G2 or C4.
Iphibitors may be of peptide nature, madified pepfides, or any arganic molecule which
inhibits the activity of MASP-2 cormpatitively or nen-compstitively, The inhibitor may be
modified to stay in circulation for shart ar longer fime, and construcied to be given by
injection or perorally. Inhibitors may be fragments of MASP-2, produced from natural or
recombinant MASP-2, by chemical ar enzymalic procedures. [nhibitors may be
naturally cecuring shorter forms of MASP-2. inhibilors may be in soluble form or
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coupled to a solid phase. A solid phase could be a compatible surface such as used in
extracorporal bioad or plasma flow devicas.

Micrabial carachydrates or endogenous oligosaccharides may provoke
urdesirable activation of the MBL/MASP camplex resulting in damaging inflammatery
responses. This pathophysiolegical activity may be reduced though the administration
of inhibitors of MASP-2 activity such as Pefabloc. Also othar enzyme inhibitors (PMSF,
benzamidine, etc.) have proved effective whan assayed in the TRIFMA for MASP-2
activity. Obviously, when designing thhibitors for in vive use toxicity is a major
consideration, and highly specific inhibitors can be assumed to be less kaxic than more
broadly reaclive inhibitors. Specific inhibitors may be generated fhrough using
peplides, peplide analogues or peptide derivatives representing the target sfructures
on enmplement factor C4 or C2 molecules. Anather type of inhibiters may be based on
antibodies (or fragments of antihodies} against the active site of MASP-2 or cther
structures on MASP-2 thus inhibiting the activity of MASP-2. The antibodies against
MASP-2Z are preferably the antibodies discussed above. Inhibitors may also be dirsciad
towards inhibitioh of the activation of MASP-2, thought to be effecied by MASP-1, ie.
the target structure for MASP-1 an MASP-2 would be a suitable inhibitor of this type.
Another type of inhibitor would prevent the binding of MASP-2 to MBL and thereby the
aclivation of MASP-2. The N-terminal 20 kDa fragment of MASP-2 may be a suitable
inhibitor of this type. More specifically one can lpcalize the precise part of the
polypepiida chain, which mediates the binding of MASP-2 to MBL and use the
synihetic peplide or analogous shuctfures as inhibitor.  inhibitors may be substituted
with D aming acids for L-aming acids

Alzg, inhibitors could be RNA or single stranded DNA isolated by SELEX
(eystemic evolution of ligands by exponential enfichiment) using MASP-2 or fragments
thereof as selecting molecwe. The leader saguence of MASP-2 is shown elsewhare in
this application.

Furthermoare, inhibitors of MASP-2 could be a serine protease inhibitor,
such as approtinin.

MASP-2 activity may be contrslled by the conversion of the pro-enzyme
form of MASP-2 into activated MASP-2 through the action of MASP-1 or any ather
subsiance simulating the activity of MASP-1.
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EXAMPLES

Example 1: ldentification of MASP-2

Human plasma proteins and pratsin complexes, that bind to carbohydrates
in a galclum-dependent manner {l.e. lecing and lestin-assoclated proteins), were
purified by affinity chromatograghy on mannan- and N-acetylglucosamine-derivatized
Sepharose beads, Pooled CPD-plasma {25 1), diluted with buffer conlaining EDTA
and enzyme inhibitors were passed through Sepharose 2B CL and mannan-
Sepharose. A thrombin inhibitor, PPACK (D-phenylalanyt-prolyl-arginyi-chioromethyl
ketone} and CaCl, wera added. The pool was passed through Sepharose 28-Cl. and
mannan-Sepharose, and the proteins binding calcium-dependenty to mannan-
Sepharose were eluted with EDTA-containing buffer. The eluate was recalcified,
passed through a GleNAe-Sephaross column which was aeiuted as above to yiald 20 mi
"lectin preparation”.

This protein praparation was analyzed by SDS-PAGE and blotting onto a
PVDF-membrane. Development of the blot with chicken antibody raised against a
bovine lectin praparaiion™ reveslsd a protein with an M; of 52 kDa as well as MBL at
32 kDa. The 52 kDa band was subjected to NHyterminzl amino acid sequence
analysis. The sequence showed similarity fo that of the previously described MASP
(MiASP-1).  Antibody raised against a synthetic peptide representng the 19 NHr
terminal amino acids {anti-N'MASP-2 anfiserum) recognized the 52 kDa moleculs as
well ag 3 melecule with a mobility corresponding fo 20 kDa (Fig. 1, lane 1). Under non-
reducing conditions a polypeptide of 76 kDa was detected using the anti-N-MASP-2
antiserum (Fig. 1, lane 2), indicaiing the presence of intra-chain disuiphide bonds. The
20 kD& polypeptide was found to have the same NHzterminal sequence as the 52 kDa
polypeptide and Is likely to represent a trincated form of the lafier. The directly
determined amino acid sequences (NHe-terminal as well as those of internal peptides)
arg indicated in Fig. 6. Two cimensional SDS-PAGE with the first dimension under
nonreducing conditions and the second dimension under reducing cenditions showed
the 52 kDa polypeptide to be part of a disulphide-linked profein with sn M, of 76 kDa. A
polypeptide of 31 kDa {Flg. 1, lane 3}, likely to represent the remaining part of the
protein, was alsg recognized as part of the 76 kDa protein by an antiserum (anti-
C'MASP-2) rafsed against synthetic peptides representing sequences in the COOH-
taminal part of the protein {determined by cDNA sequencing technigues; see below).
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The 76 kDa band sean with the anti-N'MASP-2 antibody under non-reducing
conditions was also recognized by the anti-C'MASP-2 antibody (Fig. 1, lane 4).

Figure b depicts SDS-PAGE in two dimensions, the first dimensien under
non-reducing conditions. The lane was cut cit, incubated in sample buffer containing
dithicthreitol (DTT), placed on fop of another SDS-PAGE gel, and aitar electropbotesis,
the gel was blotied and the blot developad with anti-N'TMASP-2 antibody. The pasitions
of molecular weight markers are indicated.

Example 2: Preparation of antibodiss against mamman-binding lectin associaled
serine proteases

Animals, primed with BCG (Bacillus Calmette Guérin vaccine) were immunized with
synthetic peptides coupled to PPD {fubsrculin purified protain derivative)

according o C. Koch, The State Serum Institute, Copenhagen. Antibody designated
ari-N'MASP-1, anti-CMASP-1 and anti-N'MASP-2 were from rabbits immunized with
peptides cotresponding to the first 19 amine ackd residuss of MASP-1, the last 19
amino acid residues of MASP-1 and the first 18 amino acid residuss of MASP-2,
respectively. Chicken anti-C’MASP-2 antinody was from chickens immunized with a
mixiure of two peptides representing sequences in the C-terminal part of MASP-2
(residuas 505 to 523 and 538 fo 856). All peptides had an additianal C-terminal
cysteine for coupling. Antibedy and normal chicken 19G was purfied from yolk™,
Monoclonal anti-MBL antibody, lpGy-kappa (clone 131-1) and conirol 1gG+kappa
{clone MOPC 21) were purfied by Protein A affinity chromatography. F(ab'), rabbit
anti-human G4 and F{ab'), rabbit anti-human G1q were produced by pepsin digestion
of rabblt anti-human G4 and rabbit anti-human C1g (DAKO, Glostrup, Denmark). Far
steining of Western blots antibodies were used at 1pgiml. Bound chicken antibody was
vigualized with rabbit antl-chicken 1gG followed by peroxidase-labelled goat anti-rabbit
1gG and development using the enhanced chemiluminescence fechnique. Bourd
mouse and rabbit anibodles were visualized with peroxidase-labelled rabhit anti-
mouse 1gCG and peroxidase-labelled goat anti-rabbit IgG, raspectively.

Example 3: Amino acid ssquencing of the 82 kDa and the 20 kDa polypsplides

The lectin preparation was concentrated, subjected to SDS-PAGE, and
transferred to & PVYDF membrane. Two strips were developed with anti-poving lectin

JP 2004-504027 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

16

20

28

30

35

(93)

WO 0206460 PCT/DKA100499

44

antibody®™. The rest of the blot was stained with Coomassie Briliant Blue. The bend
corresponding o ihe immuno-stained 52 kDa band, judged to represent about 5% of
the total Coomassie-stained ptoteins, was cut out and subjected to sequencing on an
Applied Biosystems protein sequencer. Aftar preduction of anti-N'MASF-2 antibody, a
simiiar Westemn blot was performed using the anfi-N-MASP-2 antibody. The NHr
termini of tha proteins in the 52 kDa and the 20 kDa bands visualized with this antibady
were sequenced. Peptidas ware prepared by trypsin digestion of the profeins in the
two bands from ancther blot, fractionated by reverse phasa chromatography and the
peptides in the major peaks were subjected to sequencing.

Example 4: Cloning and sequencing of MASP-2

The liver is the primary site of synthesis of C1r, C1s, ang MASP-1. Thus,
RNA from liver was used as template for RT-PGR with primers deduced from the
ohtained peptide sequences. First strand synthesis of cONA was carried out with 1.3
ug human liver RNA using a First-Sirand cDNA Synthesis Kit (Phamacia). PCR was
performed on this cDNA using degenerate sense and antisense primers derived from
the aminc add sequences EYAMDQER and KPFTGFEA, respactively. The PCR
program consisted of 1 cycle with annealing at 50°C; 1 cycle with annealing at 55°C,
and 33 cycles with annealing at 60°C. The resulting 300 bp PCR product was cloned
into the E. coli plasmid pCRI! using the TA-cloning kit {InVitragen) and the nucleotide
sequence of the insert was determined.

The nuclectide sequence of the resuling 300 bp RT-PCR product
contained an open reading frama (ORF) with & deduced amine acld sequence
canfirming ihe sequences of the peptides from which the primers were derived as well
as that of another of the sequenced peptides. The insert of this plasmid was
radicactivly labelled and used as a probs for screening a total of 8 x 10° clones in a
commercial human liver library (Stratagene). Sixteen clones hybridized and the 4
longest {phi-1,2,3 and 4) were completely sequenced. Saquence analysis revealed
that all four clones represent reverse transcriptz of the same novel human mRNA
species. The longest clone, phi-4, comprises 2475 bp starting with & &' unfranslated
region of 36 bp followed by an ORF of 2061 bp and a 3' untransiated region of 376 bp
ending with a paly-A tail. The nyclectide sequence of phl-4 is shown in Fig. 8 together
with the transiated amino acid sequence. The sequences are deposited at the EMBL
nucleotide sequence data base jaccession no. ¥09926). While tha sequence of phl-1
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and -2 were in total agreenent with phi-4, the nucleotide sequence of phl-3 differs from
phl-4 at twa positions, a transversion at nucleotide position 1147 {G 1o T) and a
transition at pasiion 1515 {C to T). The first change leads to the replacement of Asp
256 with Tyr. Because all clones were isclated from & liver library transcribed from
RNA isclated from a single donor, the cbserved difference may represent &
polymarphisrn in the MASP-2 gene, or is due to an error created during construction of
the library.

The aminc acid saquences of the NHterminus as well as all sequenced
peplides were idenfified in the sequence deduced from clone phl-4. The ORF encedes
a polypaptide chain of 686 amino acids including a signal peptide of 15 residues.
Omitting the signal peptide, the calculated M, is 74,133, in agreement with the 78 kDa
observed on SDS-PAGE {Fig. 1), the isoelectric point is 5.43 and the molar extinction
coefiicient is 113,640 {ie. UDzzom = 1.54 af T mg/ml ). In contrast fo MASP-1 fhe
sequence ¢ontains no sites for N-linked glycosylafion. The three amino acid residues
which are essential fer the active centre in serine proteases (His 468, Asp 517, and
Ser 618) are present,

Example §: Comparison of MASF-2 to MASP-1, Glrand G1s.

The amino acid sequence deduced from the cDNA sequences Is
homologous e thosa of MASP-1, Ctr and Cis {Fig. 2). Notably, the domain
organization is commen te these four proteins, featuring one C1r/C1eike domain, one
epidermal growth factor-dike (EGFike} domain, followed by & secong ClrCIsike
domain, two complement coptrol pratein (CCP) domains, and & serine protease
domain. The key residues involived in the calcium-binding motif in the epidermal
growih factor-like domains are presant in the ohtainad saquence, as well as in MASP-
1, G1r and C1s. In addition, the subsirate specificity related residue, 6 residues before
the active site sarine, is aspartic acid in all fowr proteins. MASP-1, C1r, and Cis are al
activated by cleavage of the peptide bond bstween the residues Arg and lle located
between the second CCP domain and the serine protease domain. The resulting
polypeptide chains {the targest referred to as the “heavy chain® and the smallest as
"light chain®} are held fogether by a disulphide bond. By analagy. our resulis indicate
that the 52 kDa palypeplide, racognized by antibody against the N-ferminat of MASP-2
after SDS-PAGE under raducing conditions, is the heavy chain of MASP-2, whereas
the 31 kDa polypeptide, recognized by antihody against the C-terminal of MASP-2, is
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the light chain. As seen in Fig. 2, Arg and lle are present in MASP-2 at the expected
positions between the second GCP domain and the protease domain.

|dentitios and simiarities between: the four proteins were studied based on
the alignment in Fig. 2. A bias of 6 was addead to each ferm of the mutation data matrix
{260PAMS) and a hieak penalty of 6 was used. Igentical residues in all four spscias
are indicated by asterisks. The beginning of the C1/C1s-like domains, the EGF-like
domain and the CCP domains are indicated above the sequences. The aligned
cysleines are shaded. The polential cleavage site between Arg and lle residues, which
generates heavy and fight chains, is identical to the site where the serine protease
domaln staris. The three amino acid residues, which are essential for the active centra
in sering proteases (His 458, Asp 517 and Ser 618), are indicated {3). The cysteines in
the histigine-loop of MASP-1 are marked (V). The sequences obtained by amino acid
sequencing of peptides are underined. The identiies between the proteins (Fig. 2) are
all in the range of 339% to 45% and gives no clue to functional relatedness. The
similatity, i.e. taking inte account residues of similar nature as well as identical
resldues, between the proteins (Fig. 3b) are between 39 and 52% with the least
simitarnity being between MASP-1 and Cls {39%) and the highest similarity between
MASP-1 and Cir (52%) and between MASP-1 and MASP-2 {(52%). MASP-2 shows
similarity with C1r (46%} and Cis (47%). Whereas the relative identities gives no clue
as to functional relatedness the similarity score between C1s and MASP-2 is
significantly higher than between Cls and MASP-1 while MASP-1 is more similar fo
Cr than to C1s, suggesting that MASP-2, like Cis, could be a G2 and C4 cleaving
enzyme, Several features of the sequences suggest thai MASP-2, C1ir and C1s have
evolved by gene duplication and divergence from a MASP-1 ancesfor. Only the
MASP-1 sequence comtains the histidine [oop, characienstic of trypsin-tike serine
prateases™. The active site serine 13 encaded by a TGN codon (N ig A, T, G or G} in
MASP-1 as in mast serine proteases, whereas in MASP-2, Cir and G1s it is sncoded
by an AGY codon fwhere Y is T or C). In most serine proteases, including MASP-1, a
praline residua is found at the third position downstream from the active site serine,
whereas a different amino acid is found in MASP-2, C1s and C1r (alaning in MASP-2
and Cis, valing in €1r). Based on these analogies ore may predict that the catalyile
domain of MASP-2 i3 encoded by a single exon as in Cir and C1s, whereas most
olher serine proteases, including MASP-1%, have split exons.
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Example 6: MBL/MASP complexes,

The lectin preparation descrihed above was incubated in microtitre welis
coated with moneclonal anti-MBL antibody, or, &s a negative contral, wells coated with
non-specific monoclonal immunaglobulin of the same subclass. The proteins captured
by the anfibody were eluied and analyzed by SDS-PAGE/MWestern bletfing. The
resuttas {Fig.3a} show that the anti-MEL antibody, in addition t binding MBL, captures
both MASP-1 and MASP-2. Microtitre wells were coated with monoclkenal anfi-MBL or
control monocional  muring igG1t, ncubated with either ane of fwe different lectin
preparations {a and b), and the bound proteins ware elutad and analysed by SDS-
PAGE under reducing conditions and Wastem blotfing. Blot a was developed with anti-
MBL antibody, blot b with anti-C'WASP-1 antibody and blot ¢ with anti-N'MASP-2
antibody. Lane 1 represenis unfractionated lectin preparation a. Lanes 3 and 4
reprasent elvates from wells coated with anti-MBL antibody and incubated with lectin
praparation b and a, respectively, whils lanas 2 and 5 represent eluates from wells
coated with norma! IgG and incubated with leclin preparatian b and a, respectively.

Fractions from gel perneation chromatography (GPCY of the lectin
preparation on Superose 68 CL were analyzed for MBL, MASP-1 and MASP-2 (Fig.
3a). The lectin preparation was subjected to GPC on a Superose & column in buffer
contzining calcium. MBI was sluted in & main peak at a volume (V,} comespending to
an M, of 750 kDa, and a smaller peak at a position corresponding to 350 kDa. Pangl A
shows the results of analysis of the fractions by Westem blotling using monoclonal
anti-MBL antibody. The band at about 60 kDa is seen in all MBL preparations and is
recognized by all the ant-MBL antibodies tested {monoclonal as well as polyclonal)
and thus probsbly represents a non-regucible dimer of the 32 kDa polypeptide chain.
Panel B shows the same analysis using anti-N'MASP-2 antbady {developing the upper
band af 52 kDa) followed by anti-C'MASP-1 antibady (developing the lower band of 311
kDa). For pursly tachnical reasons the 20 kDa truncated MASP-2 is not seen in this
picture where the blot was parfally strigped betwsen the incubations with ani-MASP-2
and ant-MASP-1. The arrows on the chromatogram indicate the void velume (1) ang
fhe efution positions far the following marker proteins IgM (2), C1g (3), thyreglobulin
{43, IgG (5} and serurm albumin (6).

Masp-1 and MASP-2 co-elufe largely with the high molecular weight MBL.
Chromatography of the MBL preparation at pH 5 revealed that ne MASP-1 or MASP-2
was associated with MBL. See, Tan et al. {1966, Blochem J. 318 320-332).
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Example 7: Complement activation.

The dassical complement activation pathway, as well as the MBL-niiated
pathway involves the generation of a C2 converting complex, C4b2b, threugh
anzymatic activation of C4 and C2. In the G complex (C1qrs;) this apedific proteasa
activity is exhibited by Cis after acfivation of the enzyms by C1r. Upan activation of
C4, 2 reactive thicl ester is exposed and Cdb covalently hinds to nearby aminc or
hydraoxyl groups.

The C4 aclivaiing potentials of MASP-1 and MASP-2, and C1r and C1s,
were compared. This was zccomplished by separating a C1 preparation and an
MBLMASP preparation by SOS-PAGE followed by Western blotting. The hiot was
axamined for G4 converting activity by incubation with human serum at 37°C, foltowed
by datection of deposited G4b using anti-C4 antibodies.

C1 was purffied by incubating IgG-toupled Sepharcse beads with human
serum at 4°C. The beads were washed and incubated at 37°C for 30 minutes for
activation of C1r and C1s. The beads were suspended in non-reducing seample buifer
and, without boiling, subjected to SDS-PAGE, followed by hlotfing in the absance of
8DS. A similar blot was made of an MBL praparation praduced in the absence of
enzyme inhibftors (The State Serum Institute, Copenhagen). Strips of the blots were
incubated for 30 minutes at 37°C with 1.1% (vv) human MBL-deficent serum,
depleted of Clg by fracionafion on Biorex 70. The blots were developed with
bictinylated Flab'), anti-C4 antibody followad by peroxidase-labelled straptavidin and
lumirescence reagent. Parallel blots were treated with a serine profease inhibitor
{aminoethylbenzenesulfonyl flucride), which was aleo presant during incubaticn with
serdm. Other strips were directly developad with antibodies.

The reaulls in Fig. 4 show that C4 was deposied at a position
comesponding to the MASP.2 band, whereas no C4 deposition was cbserved at
positions corresponding to MASP-1. MASP-1 was prasent in the aclivated state as
shown by SDS-PAGE under reducing sonditions where it appears as two bands at
about 30 kDa and 70 kDa, respectively (not shown). The observed C4 activation and
deposiion was inhibitad by serine protease inhibitors (Fig. 4). It was also obeerved
that no C4 aclivaling activity could be detected when MBL/MASPE was prepared In the
presance of enzyme inhibitors added throughout the purification procedure. A
preparation of C1 was analyzed similady ard C4 daposiion, which couid ba inhibited
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by enzyme inhibliors, was observed at a position comespondirg to Ctr and C1s, which
are not separated by the technigue employed.

Figure 4 is a repmsentation of Weslern blots demonsfrating {he activation
of C4 by Cis and MASP-2. Panel A shows a Wesiern blot of C1 separated under non-
reducing conditions, and without heating the sample before electropharesis. Lane 1
was developed with anii-Cis antibody. Lane 2 was incubaled with human serum
followsd by anti-C4 antibody. Lane 3 was as lane 2 except for the presence of sering
protease inhibitors during the incubation with serum. Panel B shows a Westem blot of
an MBI. preparation separated as in A. Lane 1 was developed with anti-N'MASP-1,
lane 2 with anti-N'MASP-2. Lane 3 was incubeted with human serum at 37°C followed
by anti-C4. In lane 4 the blot was preincubated with serine protease inhibitors and the
incubafion with serum was also in the presence of inhibitors. MASP-1 shows a higher
Wi, than MASP-2 due to glycosylation and a polypeptide chain 9 amino acids longer.

Our resuits emphasize the similarity between complement activation
through the WMEBLectin pathway of the innate immune system and the classical pathway
of complement activation (Fig. 5). Activation via the classical pathway is assoclated
with the specific immune response found only in vertebrates, while the MBLectin
pathway and the altemative pathway rely on innate recognition of foreign erganisms
and are thus likely to predate the evolution of the specific immune system. All
pathways converge on the activation of the central compenrent C3 into ©3h, which
binds covalently to the microbial sudace and mediates the effecior functions of
complement.
in both the classical and MBLectin pathways, the initiating molecular complexes are
composed of an oligomeric ligand-binding component (MBL or Cig, respectively}
which, or reacting with ligands, activates the two associated serine proteases (MASP-
1 and MASP-2 or C1rand C1s, respectively).
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Claims

. Uss of a substantially pure polypeptide comprising amina acid saquences de-

rived from mannan-binding lectin associated serine protease-2 (MASP-2) (SEQ
ID. 2) or a funstional homelogue thereof for the preduction of a pharmaceutical

compasifion.

. The use according to claim 1, wharain the polypeptide comprises the sequence

as identified SECQ D NO. 3.

. The use accoging to claim 1, wherein the polypeptide is capable of associating

with mannan-binding lectin {MEL).

. The use according to claim 1 or 2, wherein the polypeptide is conjugated to

label or & foxin.

. The use according to any of the preceding claims, wherein the palypeptide com-

prises ihe sequence identified as SEQ 1D NO 1, or a functional equivalent
thereaf.

. The use according to any of the preceding claims, wherein the polypeptide has a

malscular mass of 20 kD.

. The use according o any of claims 1 to 4, wherein the polypeptida comprises

amina acid 30 to 444 of SEQ ID NO. 2.

. The use accarding to any of the preceding claims, wherein the polypeptide has a

molacular mass of 52 kD.

. The use according {o any of claims 1 to 4, whersin the palypaptide comprisas

amine acid 138 o 296 of SEQID NC. 2.

. The use according to any of the preceding claims, whersin tha polypeptide has

serine proteass activity.
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11. The use aceording to any of the preceding claims, wherein the polypeptide is
capable of MASP-2 activity in ant in vitro assay for MBL complemsnt pathway
function.

12. The use according to elaim 10 or 14, wherein the polypeptide comprises amine
acid 15 to 71 of SEQ ID NO 3.

13. The use according to ¢laim 10 or 11, whersin the polypeptids comprizes aming
acid 16 to 286 of SEQ ID NO. 2.

14. The use according fo elaim 10 or 11, wherein tha polypeptide comprises amine
aeid 30 to 286 of SEQ 1D NO. 2

15. The use accerding fo any of claims 1 to 4, wherein the polypeptide is capable of
competitivaly inhibiting MASP-2 activity.

16. The use accarding 1o clain 15, wherein the polypeptide comprises a fragment of
the polypeptide of SEQ 1D NO: 2, said polypeptide being a competitive inhibitor
of complexing of MBL/IMASP-2,

17. The uss according to claim 1% or 16, wherain the polypeplide comprises the se-
quence identifled as SEQ ID NO: 3 or a funclional eguivalent thereof, wherain
ane or more of the amine acid residues at position 8, 8, 19, 11, 12, 13, 14, 15,
16, 17, 18, or 19 has besn substituted with another amino ecid residue.

18. The use according to olaim 17, whensin the at least two amino acid residues
have been substituted.

18. The use according fo claim 17, wherein the arg al position 14 of SEQ ID. NO 3
has been substituted for anather amino acld.

20. The use according to claim 17, wherein the arg at position 14 of SEQ ID. NO 3
has baen substituted for an amine acid selected from the group consisting of
small uncharged amino acids.
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21. The use aceording to claim 17, whersin the arg at position 14 of SEQ 1D, NO 3
has been substituted for an amino acid selected from the group consisting of gly
and ala.

22. The use according te any of the preceding claims, wherein the pharmaceutical
camposition is for the treatment of Infections.

2

(]

. The use according to claim 22, wherein the infections is an infection caussd by a
microtsial species.

24. The use sccording to claim 23, wherein the microbial species is a fungus.

25. The use according to ciaim 23, wherefn the microbial species is a yeast.

26. The use according to claim 23, wherein the microbial species is a bacteria.

2

A

The use according to claim 26, wherein the bacterial species is resistent to at
least cne antibiotic medicament.

2

@

The use according to cfaim 26, wherein the bacierial spacies is multiresistent.

29, The uss according 1o daim 26, wherein the bacterial speciss is pathegenic.

30. The use according lo claim 22, wherein the infection is a viral infection.

31. The use according 1o claim 31), wherein the virus is a retrovirus.

32. Tha use according to claim 31, wherein the retravirus is a Human Imrunodefi-

ciency Virus.

33. The use according to claim 1, wherein the pharmaceutical composition further-
mare comprises at least one mannan-binding leatin (MBL) subunit, or at least
ona mannan-binding lectin (MBL) oligomer comprising the at leasi one mannan-
binding lactin (MEBL) subunit.
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34. The Use according to claim 1, furthar comprising the use of at least one mannan-

binding lectin {MBL) subunit, or at least one mannan-binding lectin (MSL} oli-
gomer comprising the at least one mannan-binding leciin (MBL) subunit for the
manufacture of a medicament for obtaining a kit-of-parts.

35. The use eccording o any of daims 33 and 34, whersin said oligomar is prafara-
bly salected from the group of oligomers consisting of tetramers, pentamers
andfor haxamers of MBL.

36. The use according to any of the clalms 33 {o 36, wherein the pharmassutical
composition is for the treatment of infections in an individual with MBL serum

leve! balow 500 ng/ml.

37. The use according v any of the claims 33 io 35, wherein the pharmaceutical
composition is for the treaiment of infections in an individual with MBL. serum
Isvel betow 100 ng/ml.

38. Tha use eccording to any of the claims 33 to 35, wherein the pharmaceutical
composition s for the treatment of infections in an individual with MBL serum

level below 50 ng/ml.

38. A polypeplide contalning the sequence identified as SEQ ID NO. 1 or a func-
tional homologue thereof.

P

=1

mass of 20 #D.

4

acid 30 fo 444 of SEQ. ID: NO. 2.

42. The polypeptide according to claim 39, whereln the polvpeptide has a molectdar

mass of 52 kD

43. The polypeptide according to claim 3%, whersin the polypeptide comprises amino

acid 138 to 296 of SEQ ID NO.2.

. The polypeptide according to claim 39, whersin the polypeptide has a molecular

. The polypeptide according to caim 39, wherein the polypeptide comprises amine
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45,

46.

4

=

48,

F1

0

50

&

o

52

The poiypaptide of claim 39, said polypsplide having serine protease activity.

The pelypeptide according to ¢laint 39, wherein the polypeptide comprises
aming acid 15 1o 671 of BEQ 1D NO 3.

The polypeptide according to claim 39, wharein the polypeptide comprises
amine acid 16 to 296 of SEQ 1D NO, 2.

. The polypeptide according to claim 33, wherein the polypeptide comprises

aminao acid 3¢ fo 256 of SEQ D NDO. 2

The polypeplide of claim 38, said palypeptide being capable of MASP-2 activity in
an in vifro assay for MBLectin complement pathway function.

. The polypeptide according to daim 39, said polypeptide being capable of

competifively inhibifing MASP-2 serine protease activity.

. The polypeptide according to claim 39, comprising the sequence as identified by

SEQ ID NO. 3 or a junctional homeclogue thereof, said polypeptide being a
compefitive inhibitor of complexing of MBL/MASP-2.

. The polypeptide according fo clalm 39, comprising the sequence as idenfified by

SEQ 10 NO. 3 or & funciional homologue thereaf, whergin cne or more of the
aming acid residuss at position 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 or 19 has
been substituted for another amine acid residue.

The polypeptide according fo claim $1, wherein the at least two amino acid resi-
dues have heen substituted.

53. The polypeptide according to claim &1, wherein the arg at position 14 of SEQ 1D.

NO 3 has been substitutad for anathar atnina acid.
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4. The polypeptide according fo clalm 51, wherein the arg at pesition 14 of SEQ 1D,

NG 3 has been substituted fer an amino acid selected from the group cansisting
of small uncharged amine acids,

55. The polypeptide accarding to claim 51, whersin the arg at pasition 14 of SEQ ID.
NO 3 has been substituted for an amino acid selected from the group consisting

of gly and ala.

E

&

The palypeptide according to any of claims 39 to 55, whereln sald polypeptide is
conjugatad to a tabal or toxin.

57. An isolated nucleic acid molscule comprising a nuclectide sequence encoding a
polypeptide having a saquence that is at least 85% identica! to the polypeptide
sequence according 1o any of cfaims 39, 41, 43, 45, 46, 47 and 50 to 55.

58. A nudleic acid vector comprising the nucieic acid molecule of claim 57.

58. The vector of claim 58, wherain said vector is an expression vector.

60. The vector of claim &8, further comprising a regulatory element.

81. A use of a compound capable of competitively inhibiting activity of MASP-2 or a
functional homalegue thereaf for the preparation of a medicament.

6Z. The use according o claim 61, wharein the compound is capable of competitively
inhititing actwvity of MASP-2.

63. The use according to ¢laim 61, wherein the compound is a polypeptide acsording
1o any of claims 48 10 55.

64. The use according fo claim 61, wierein the compound is a fragment of mannan-
binding lectin (MBL} that Ts capable of associating with MASP-2.

83. The use according 1o claim 61, whersin the compound is an antibody produssd by
administering an MASP-2 polypeptide to an antibody producing animal.
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68,

68

70.

7

pry

72

3

74.

60

The use according to claim 61, wherein the compound is an antibody that
selectively binds to MASP-2.

The use according fo any of claims 65 and 66, wherein the antibody is a
moneclonal antibody.

. The use according fo any of claims 65 and 66, wherein the entibody is being

coupled to a compoeund comprising & defeciable marker.

A pharmaceutical composifion comprising a substantialy pure polypeptide
gomprising amino acid seguences derived from  mannan-binding  lectin
assoctated serine protease-2 (MASIE’Q) (SEG 1D. 2) or a functicnal homologue
thereaf for the production of & pharmaceutical compasition.

The pharmaceutical composition according fo claim 69, wherein the polypeptide
comprises the sequence as identified SEQ ID NO. 3.

. Tha pharmaceutical composiion according to claim 89, wherein the polypeplide

is capable of associating with mannan-binding lectin (MBL).

The pharmaceutical composition accerding to ¢laim 69, wherein the polypeptide
is conjugated to a label or a toxin,

. The phamaceutical composition according to claim 68, comprising the

polypeptlide according to any of claims 39 to 55.

A mathod for detecting mannin-binding lectin assotiated serine protease-2 (MASP-
2), said mathod comprlsing:
{a) obtaining a biological sample;
{b) contacting said biological sample with 2 MASP-2 polypeplide specific
binding pannar that specifically binds MASP-2; and
{c) detecting said complexes, if any, as an indication of the presence of
mannin-binding lectin associated serine protease-2 in said sample.
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75. The method according to claim 74, in which the specific binding pariner Is an
antibody.

78. A method for detecting MASP-2, said method comprising an assay for MASP-2
coinplement fixing activity.

77. The methods of claims 74 or 78 for quantitafive assay of MASP-2 or MASP-2
activity in biological samples.

7

o

. A method for detecting MASP-2 nucleic acid expression, comprising detecting RNA
having a sequence encoding a MASP-2 polypsptide by mixing the semple with a
nucleic acid probe that specifically hybridizes under stringent conditions fo the
nucleic acig of claim 57,

78. A method for treating patients deficient in MASP-2 by administering to the patient
the peptide according to any of claims 39 0 42 and 45 to 47,

20. A method for treating patisnts deficient in MASP-2 by administering 1o the patient
nucleic acid according ta claim 57.

8

=

. A method for inhibiling the activity of MASP-2 by administering to the subject 2
compound that inhibits expression or activity of MASP-2.

82. The methed of claim 81 in which the compound is a MASP-2 anii-sense nucleic
acid sequence.

&

@

The method of claim 81 comprising administering a compound that inhibits
complexing of MBL and MASP-2.

&

B

. An assay for polymorphisms in tha nucleic acid sequence encoding MASF-2.

85, A method of detecting the presence of MASP-2-ancoding nuclelc acld in a sample,
comprising mixing the sample with af least one nucleic acld proebe capable of
forming a complex with MASP-2-encoding nucleic acid under stringent conditions,
and determining whether the probe is bound to sample nudleic acid.
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86. A nucleic acid probe tapable of forming a complex with MASP-2-encoding nucleic

acid under stringent conditions.

&

=

. An assay for polymarphisms in the polypeptide sequence comprising MASP-2 or
fts precursor.

8

®

. A mathid for diagnasing a disorder associated with aberrant exprassion of MASP-
2, coraprising obiaining & bialogical sample fram & patient and measuring MASP-2
axprassion in sald biolooical sample, wherein increasad or decreased MASP-2
expression in said biclogical sample compared 1o a control indicates that said
patient suffers from a disorder agsociated with aberrant expression of MASP-2.

&

@

. A methed for diagnosing a disorder assodiated with aberrant activity of MASP-2,
comprising obtainling a biolagica! sample from a patient and measuring MASP-2
activity in said biological sample, wherein increased or decreased MASP-2 aclivity
in said biological sample compared o a control Indicates that said patient suifers
from & disorder associated with abamrant activity of MASP-2.

80. A mathod of assaying for activity MBL-complexed MASP, the method comprising
providing & sample t%© be assayed and substantially reducing any artifact
cesulfing from activation of the classical complement fixing pathway by
conducting the assay in the presence of an jonic strength high encugh to
gffeciively reduce actlvation of the classical complement fixing pathway but not
50 high as to substantially interfere with activity of MBL-complexed MASP,

9

=

. A method for determining the activity of MASP-2, sald method comprising an
assay for MASP-2 aclivity, comprising the steps of

- applying a2 sample comprising MBL/MASP-2 complexes to a sofid phase obtain-
ing a bound complexses,

- applying at least one complement factor to the complexes,

- detacting the amount of cleaved complement factors,
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- carraelating the amount of claaved complement factors to the MASP-2 amaunt,
and

- determining the acfivity of MASP-Z.

92. The method according to claim 31, wherein the sclid phase is & mannan coaiing.

93. The method aceording to any of the claims $1 1o 82, wherein the atleast one
complement faclor is a complement factor dleavable by the MBELMASP-2 com-
plax.

84. The method according to any of the cleims 81 to 93, wherein the at least one
complement factor is selected from €3, C4, and C5, prefarably G4.

95. The method according to any of the preceding claims 91 o 94, wherein the
cleaved complement factor /s detected by means of antibodies directed fo the

complament factor.

46. The method according to any of the preceding claims 91 fo 95, wherein activa-
tion of the cassical complement pathway i8 inhibited.

87. The methed according to claim 98, wherein the activaiion is inhibited by con-
ducting the assay st high tanic strengih.

98. The mathad accarding to claim 97, wherein the sali concentration is above
0.2 M, such as in the range of from .3 M tg 10 M, such as from 0.5 Mo § M,
such 8s from 0.7 M to 2 M, such as from 0.9 M o 2 M, such as about 1.0 M.

94, The mathod according o cialm 88, wherein the sal? is selectad from NaCl, KCl,
MgClz, CaClz, Nal, KCI, Mglz, Cals, from NaBr, KBr, MgBrz, CaBr;, Na;5,0,,
{MH,)3804, and NB,HCO;.

100 The method according 10 any of the claims 91 to 89 for quantitative
assay of MASP-2 or MASP-2 aclivity in biotogical samples.
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SEQUENCE LISTIHG

MASP-2, a complement Eixing-enzyme, and uses for it

MASP-2

DA 2000 0LO32
2001-97-13

3

PatentlIn Ver.
1

4l

PRT

HOmMe sapiens

i

Thr Pro Leu Gly Pro
5

Ber Pro Gly Phe Pro
20

Thr Leu The Ala Pro

<210>
<211>
<Z1A>
«213>

<dldz

1

35

2

685

FRT

Homo sapiens

2

Met Arg Leu Leu Thr
5

Pro Leu Gly Pro Lys

20

Pro Gly Phe Pro Cly

35

Leu Thr Rla Pro Pro
50

Asp Ieu Glu Leu Ser

&5

Ser Gly Ala Lys Val

&5

Thr Glu Arg Ala Fro

2.1

Lye

Gly

Fro

Leu
Trp
Glu
By
Hig

70

Leu

Gly

Trp Fre

Glu Tyr

Ely Tyr
40

Lay Gly

Bra Glu

T™Yr Bla

40

Tyr BTg
55

Len Cye

Ala Thr

Lys Asp
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Ala
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Arg

Aan
Leu
Glu
Leu

Thr
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1s

Asn Asp Gln 3lu Arg Arg Trp
20

Len

10

Val

Asp

Arg

TyT

Cys

S0

Phe

16

Cys

FPhe

GIn

Asp
TS

aly

TYE

Gly Ser Val
Gly Arg Leu

N
Glu Arg Arg

45
Tyr Phe Thr
8l

Phe Val Lys

Gln ¢lu Ssx

Sexr Leu Gly

Ala

1s

Ala

Trp

His

Leu

Thr
EL

Thx
Ser )
Thr
The
Ser
80

Agp

Ser
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Gly
2la
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aly

Lye

Len
225

CyE

Thr

Trp

Ala
308

Pro

val
385

Tyr
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RAsp

Fhe
130

Bex

210

BAsp

Fro

Phe

Val

Lys

280

Fro

tig

TR

Rap

370

Thr

Thy

1le
11s
Glu
Gly
Ehe
Thx
Glu
195

Cys

Fhe

Thr
275

Pro

Het

100

Thr

Ala

Giu

AP
Gly
260

Ile

Aszn

She

Pro

340

Arg

Leu

TYr

Lys

Phe

Phe

Ala

oy

165

Ser

Ser

Tyr

Gla

Fhe

245

Lys

Thr

Tyx

Gly

Sexr

izs

Lei

Fro

Pro

Ly=

val
405

arg

TYr

Pro

150

Ber

Ala

Ser

&er

Ser

230

Len

Thr

the

Thr

Hig

31c

Ile

Met

Ser

Ala

390

AsM

Ser

Rla

135

Cys

Leu

Fro

Iie

315

Lys

Leu

Val

Ger

288

Val

Phe

Ser

Gly
375

val

Rap

hsp
120
Ala

Cye

Arg

Gl

ank

Sex

hsp

Tle

Bro

Thr

280

Thr

Ser

Lys

Phe

Ala

360

Axg

ile

Gly

Tyr

dlu

hER

Ala

Sex

183

Tyr

Leu

val

Gln

His

265

Asp

Ala

Pro

Glu

Thr

345

Cys

val

[eale]

Lys

Ser
Agp
Hig
Gly
170
Gly
Pro
Glu
&lu
Thr
350
Arg
Glu
His
Val
Thr
330

Ala

Sar

Tyr

Tyr
410
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Asn

Ile

His

155

TyYr

Gln

Arg

Glu

235

Rep

Ile

Sex

ala

Gln

315

Gly

Val

Ile

Tyr

ger

395

Val

Glu

asp
140

Cya T

val

Pra

&y

220

Arg

Glu

Gly

Cys

360

T¥TY

Cys

Val

Ile

380

Cym

Cya

Lys
125

Glu

Phe
Tyx
205

The

@ln
Thr
hep
285
Pre
Lys
Glu
Gln
Asp
365
Thr

Glu

Glu

Cys

Aen

His

Thr

150

Pro

Ber

Glu

Glu

Lys

270

Hig

Tyr

Ty

Leu

Lys

350

Tys

Gly

Gly

Ala

Fhe

&

His

Arg

175

Gln

Thr

His

265

Thr

Fro

11e

Leu

335

Asp

Gly

Bro

Thr

Asp
415
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Thr
Val
Leu
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Leu
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Leu
Z40
Gly
=18
Gly
Met
Deu
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Gly
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400

Gly
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Gln Lyg
450

Gly Thr
4ES
Ala Bla
Ile Arg
Trp Ser
Fhe Asp
530

Asn Ser
545

Ihe Met

Val Asp
Arg Gly

el0
Gly Ly=

Azp Ser

Jer Met

<2i0> 3

Gly

43%

Thr

His

Mat

Gin

515

Asn

Bzn

Arg

His
£95

Ber

Glu

Asn

Ty
575

<211» 871
<212> PRT
<213> Homo sapiens

<400=> 3

Ser
4zo
Leu
Lys
Ala
Ala
Gly
500
Ala
Asp
Tle
Thy
Fhe
530
Gln
Val
Ser
Thr
Cya
660

Ile

Ser

Sex

Ero

Als

Val

485

Thy

Val

Ile

Thr

asp

585

Lys

Tha

Cys

dlu

645

Pro

Lys

Ala

Gy

GLy

470

Tvr

Lau

Fhe

Ala

Pro

5RO

nep

Ala

Cys

Ala

AT

630

Arg

Glu

Trp

nrg
AED
455
Ala
Giu
Lys
Ile
Lien

535

Ile

Thy

Asn
615

Gly

Glu

Tht

440

Leu

Gln

ATg

His

T20

Ile

cys

aly

Ran

Ha

6509

Met

Gly

clu
sag

Thr Fre Leuw Gly Pro Lys Txp Pro

Lys
425

Thy

Leu

505

@lu

Lys

Len

Thr

Len

535

Ala

Leu

Ser

Fal

Gln

12

Asn

Bex
=1y
Trp
Ty
His
430
Eer
Gly
Leu
Pro
Ala
570
Het
Tyx
Cys
Gly
Gly
850
Tyr

Ile

Leu

¢ln
Asp
475

asp

Pro

Asn
g
555

Ser

Gly
&35
Gly

Gly

Ile

Fro

wval
460
ZEn
REla
His
Thr
Asn
S4b
Lys
Gly
val
Lys
Gly
620
Ala
Tle

Val

Ser

val
Ile
445

Leu

Trp

Ser

Tyt

His
525

Trp
ASP
ro
605
Leu
Teu
Val
Tyz

Asp
665

Cye
430
Tyr
Ile
Val
Ala
Thr
510
AEp
Val
Ala
Gly
1le
5gq
Fro
@3lu
Val
Ser
Thy

670

Phe

Gly

Len

Leu

Leu

4395

Ala

Val

&l

Leu

575

Pro

YT

Ser

Fhe

Trp
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Aep
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8er
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Pro
Gly
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Gly
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36

JP 2004-504027 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

Val

Leu
145

L=u
Zz25

Gly

Leu
305
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Bra

L

Aap

50

Thr

Len

Gly

Ala

130

Gly

Lys

ser

Ser

Lreu

210

Cyk

Pra

Thr

Trp

Ala

200

LVe

dly

Thr

Gly

Glu

Aep

Phe

115

aly

Arg

3ly

Ler

18%

Asp

FPro

Phe

val

Lys

275

Bro

Asp

Zhe

20
Ala
Glua
Ala
Arg
Ile
100
Gla

Gly

Phe

Gln
180

Cys

Tyr

Cys

Thr

260

Ile

Fro

Ser

Pro

Pyo

Leu

Lys

Ala

83

Thr

Ala

Gla

Tyr

Cys

158

Leu

val

AfSp

Gy

245

Ile

His

Asn

Phe

Gy

dexr
Yal
70

Pro

Phe
Ala
Cys
1s0

Ser

Pha
230
Lve

Thr

Tyr

Ser
310

Glu
aly
His

ce
Leu
Gly
hrg
Tyr
aro
135
Ser

Ala,

ser

Sexr
218

Thr

Phe

His
295

Tyr

Tyr &

a0

Leu

Ala

Lys

Ser

Als

120

Thy

Leu

Pro

Ile

200

Fhe

Lys

Leu

Val

Ber

280

Phe

Ala
25

Cys

Thr

Asp
108
Ala

Cye

Cys

Glu

18E

Ser

ASD

Ile

Fra

Thx

265

Thr

Ser

Cya

14

Leu

Glu

Aep

Ala

Ser

170

Tyr

Leu

Val

cln

His

2540

Arp

Ala

Fro

446

ABp

Tye

75

Fhe

Sexr

Asp

Hi=

Gly

155

Gly

Fro

Sl

Flu

Thr

23s8

Arg

Glu

His

Val

Thx
218

@ln

Leu

Bsp

&0

Ty

Asn

Ile

His

140

Tyr

Gin

Ay

Glu

Thr

220

Rsp

Tle

Ser

Ala

Gln

200

Gly

Glu

Tyx

45

Phe

Gln

Ser

Asp

izs

cys

V&l

Val

Fro

Ay

205

Arg

Glu

Gly

Cye

285

Ala

Tyy

Arg

a0

Phe

val

Glu

iem

Lys

110

Hig

Lew

Phie

Tyr

150

Phe

Fro

Glu

Thr

Aep

270

Lye

Glu

15

Thr

Lys

Sex

Gly

L)

Cys

AsSn

His

T

175

8er

Gl

Glu

Lys

255

His

yr

Tyr

Leu
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Trp
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Lew
Thx
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Ser
Fhe
Gl
His
Arg
160
[=x8:5
Lys
Val
Thr
His
240
Thx
Pro

Ile

Len
320
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aly
Phe
385

Gly

Gly
Gly
Thr

485

Rsp

Lau
€25
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Gly

ger

Fro

val

270

Tyr

Phe

val

Glo

aly

450

Ala

1le

Trp

Phe

Asn

530

Zhe

Gla

Val

Arg

Gly

510

ABp

His
Trp
Aep
3B5

Thy

Thr

Trp

Lys
435
Thr
Ala
Arg
Ser
Asp
5is
Ber
Met
Arg
Asp
Gly
585

Iys

Ser

Rap
340
Asp

Thr

Gly
20
Ala
Thr
His
Met

Glu
500

Arg
Gly
His
580

Ser

Asp

Pro
325
Arg

Leu

Tyr

Sexr

405

nys

Ala

Ala

cly

485

Alz

hep

Ils

Thx

Phe

565

Gin

val

Ser

Thr

Leu

Pro

Lye

val

390

Ser

Ber

Pro

Ala

val

a7

Thr

wal

‘Thr

Aep

S50

Leuw

Iye

Thr

cys

Glu
B30

Lys

Met

Ser

Alx

375

Asn

Lye

Ala

Gly

Gly

455

Tyr

Leu

Phe

Ala

Pro

535

Asp

Ala

Cys

Ala

Arg

815

Ry

Pro
Gly
360

val

Gly

Asp

440

Ala

Glu

Lye

Ils

Leu

530

Ile

AXY

Thr

Asn

600

TR

Phe

Ala

345

RAxg

Iis

Gly

Slu

Thr

425

rPhe

Lew

Cln

arg

Hiz

E0&

Iie

Cys

Gly

Asn

Ala

585

Met

Asp

Fhe

Thr

3o

Cys

Val

Qln

Lys

Lys

210

Thr

Fro

Lew

Lys

Len

450

Lys

Deu

Thx

Leu

570

Ala

Leu

Ser-

Val

56

Ala

Ber

Gle

Ty

Tyr

385

Ser

T

Tyr

Eis

475

Bex

Gly

Leu

Pro

Als

E-H]

Met

Tyr

Cys

aly

Gly
635

val

Ile

Ty¥

ser

380

Val

Leu

; Bly

Gln

Asp

450

Asp

Pxoc

Tyx

Asn

540

Ser

Tyr

Glu

Ala

By

620

Gy

Cye

val

lle

365

Cys

Cys

Pro

Arg

val

445

Asn

kla

Hig

Thr

Azn

525

Lys

Gly

val

Lye

a1y

&05

Ela

Glu

Asp

350

Thr

Gin

Glu

val

I1le

430

Leu

Ser

Tyr

Hig

510

Lys

Glu

Pro
540
Leu

Leu

Val

Lys

335

Cys

Gly

Glu

Ala

cys

415

Ile

val

Ala

Thr

495

hsp

val

Ala

Gly

1le

575

Pro

Glu

Val

Sex
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Fro
Thr
Asp
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@lu

- oy

Leu

Leu

Leu

480

Gln

Ala

Val

GIu

Leu
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Eex

Phe

Trp
540
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