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LECTIN PATHWAY DEFICIENCY ASSAY

The invention refers to assaying the complement
system. More specifically, the invention refers to a method
as well as a kit for functionally determining deficiencies
in the lectin pathway of the complement system at physiolo-
gical conditions.

The complement system is a complex part of the innate
imunve éystem, which comprises a number of -plasma proteins
and transmembrane proteins that interact with each other.
The term innate immunity is used in order to differentiate
this type of immunity from that termed adaptive immunity.
However, complement also plays a role in adaptive immunity,
but is much less understood in this connection.

A series of soluble proteins present in serum aid,
when activated, in the elimination of microorganisms and
other antigens from tissues and from the blood. This is
achieved either by the complement components alone, or by
their subsequent interaction with cells expressing comple-
ment receptors which triggers other arms of the immune
response.

In order to prevent host tissues from being damaged,
the complement system has to be strictly regulated. The
large number of proteins, present either in serum or ex-
pressed on cell surfaces are involved as complement regu-
latory molecules in the protection of host cells, in the
control of complement during activation by antigen, and in
the de-activation of complement once antigen has been elim-

inated.
As a major component of host defence against patho-

genic organisms, the activation of the complement system is
of key importance for the innate defense against invading
pathogens. In higher organisms, animals respond to the
antigenic challenge presented by invading organisms by the
development of a specific immune response. Antibody is
formed and cells that have the capacity to recognize the
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specific foreign antigen are generated. Thus, the comple-

ment ldentifies its target via direct recognition of the

pr—
nd

microbial sur:

ace by complement components, as well as via

indirect binding to adaptor molecules such as antibodies or

acute phase proteins. Subsequent activation of the comple-

v

ment system generally results into elimination of the ac-

tivator via humoral and cellular mechanisms. These defense

P

functions of the complement system are required for optimal

host Immunity.

For example, the mannan-binding lectin (MBL) is able

to bind to repetitive saccharides frequently present on the

surface of many clinically relevant microorganisms. This

direct binding of MBL is involved in the elimination of

pathogens by the immune system. The importance of MBL in

innate resistance against invading pathogens is clearly

illustrated by persons with genetic mutations in the MBIL

a4
Bl

gene. These mutations lead to structural abnormalities o:

the MBL molecule, resulting in impaired complement activa-

tion via the lectin pathway, which is associated with an

increased susceptibility to infections.

r-

The activation of the complement system is an import-

o

ant component of host defense. Following infection, trig-

gering of the complement activation cascade via direct

—
p—
—

binding of complement components to a microbial surface may

lead to opsonisation and pathogen elimination wvia humoral

and cellular mechanisms. Furthermore, complement activation

may trigger and amplify the acquired immune system.

In addition to playing an important role in host

defense against infection, the complement system is a

mediator in both the pathogenesis and prevention of immune

i~
—

fect when func-

complex diseases. It has a protective e:

tioning in moderation against appropriate pathogens, since

an inflammation promoted by complement activation at the

same time can result in cellular damage when not properly

controlled.



CA 02492438 2005-01-12
WO 2004/011674 PCT/SE2003/001211

The cascade reaction of complement activation can be

triggered via at least three known activation pathways,
i.e., the classical pathway (CP), the alternative pathway
(AP), and the lectin pathway (LP). These three pathways

5 converge at the component C3. The terminal complement path-

way consists of all proteins activated after C3, and

results into assembly of the C5-9 group of protelns into

the membrane attack complex (MAC). The MAC exerts powerful

killing activity by creating perforations in cellular mem-

10 branes.

Defects in the complement system may lead to a

partial or complete blockade of the complement activation

—

cascade. Depending on the level of the defect, eilther the

induction phase or the effector phase of complement activa-

15 +tion may be hampered, and the defect may affect more than

one pathway. An impaired function of the complement system

L

may occur due to genetic defects, or due to acquired defil-

ciencies of complement components. Acquilred complement

deficiencies may occur due to formation of autoantibodies
20 to complement components or due to excessive complement

consumption. Genetic complement deficiencies have been

described at all levels of the system.

Most complement defects are associated with disease,

ranging from a relatively mild increase in the susceptib-

25 ility to infections to the occurrence of a severe systemic

autoimmune syndrome. Furthermore, an impaired complement

function is associated with the occurrence of flares 1n

patients with systemic lupus erythematosus (SLE). There-

fore, functional assays to measure complement activity i1n

30 human serum have a clear diagnostic and prognostic value.

However, during the last years it has become 1in-

creasingly clear that complement components via similar

mechanisms may target its effects to damaged self tilssue.

Thereby, the complement contributes to the amplification

35 of tissue damage and inflammation in conditions such as
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autoimmune diseases, immune complex diseases, Alzheimer’s

disease, and ischemia/reperfusion injury as occurring in

e.g. myocardial infarction, stroke, and major surgery.

For example, recent studies have also provided evidence

that activation o

gr—

f the lectin pathway by MBL can be res-

ponsible for complement activation and related inflammation

in ischemia/reper

fusion injury as well as myocardial

infarction. Furthermore, complement activation contributes

to the pathogenesilis o:

_

-~ allograft and xenograft rejection.

Thus, undesired activation of complement 1s involved in

inflammation and associated tissue damage in a number of

pathological conditions.

mine deficiencies

Tt is difficult to pinpoint and functionally deter-

in the complement system. Defects may

lead to a block in the complement cascade at the point

of the defect. In

general, patients with defects in the

classic pathway proceed down the pathway until the point

of defect, and the latter proteins in the cascade are not

recrulited. On the

other hand, individuals with abnormal-

ities of the alternative pathway are less common than are

g~

individuals with abnormalities of the classical pathway

and, in some cases, only a few individuals with the abnor-

mality have been described.

Functional deficiencies in the lectin pathway are

usually due to genetic polymorphisms in the MBL gene. Among

the complement de

1)

ON

ficiencies described in humans, deficiency

MBL has the highest frequency. These deficlencles have a

clear clinical significance, both by increasing the sus-

ceptibility to infections and by enhancing the progression

5f chronic diseases.

Deficiencies 1in the complement cascade can lead to

overwhelming infection and sepsis. Deficiencies in comple-

ment mainly predispose patients to infection via two

mechanisms, 1i.e.

ineffective opsonization and defects in

lytic activity (defects in MAC).
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An example is the presence of defects that result in

pr—
—

inadequate opsonization. Opsonization is the process o:

coating a pathogenic organism so that it is more easily

ingested by the macrophage system. The complement protein

C3b, along with its cleavage product C3bili, is a potent

agent of opsonization in the complement cascade. Any defect

gre—

that causes decreased production of C3b results in in-

adequate opsonization ability. Such opsonization defects

can be caused by deficiencies in components of the

classical, alternative, or MBL pathways, or defects may be

P —
—

caused by deficiencies of the C3 component itself.

The complement function is mostly measured by using

t 1)

hemolytic assays, which enable the functional assessment o:

the classical complement pathway and the alternative com-

plement pathway, respectively. In these hemolytic assays,

pritete

the function of the complement pathways 1s expressed as 1ts

ability to generate the C5b-9 complex upon activation. Such

an assay is currently not available for the lectin pathway

iy ph—
p—

of complement. In view of the high frequency of MBL defi-

ciency in the human population, a relliable assay to measure

lectin pathway function i1s highly warranted.

Usually, a method for detecting complement or its

g—

deficiency in the blood is performed by means of tedious

haemolytic and antigenic methods. Increased or decreased

—

levels of different components of complement pathways are

assayed. Such tests require targeting antibodies, which

will recognize specific complement proteins. Generally,

o~

antigenic assays of complement proteins in serum or plasma

are the most readily available tests, particularly for C3.

gr—

ITn the latter assays, the serum level of C3 1s provided,

but it tells little or nothing about the functional ac-

tivity. Hypofunctional variants exist, but no non-function-

ing C3 varliants are described.

When studying functional complement, sheep erythro-

cytes have been used, since they are easily lysed by anti-
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body and complement. The most commonly performed test for

f—
=

functional complement activity is the CHsp, a measure of

the ability of a dilution of the serum of a patient in

order to lyse an antibody coated sheep erythrocyte. When

po—

5 for example one of the proteins of the classic pathway 1is

missing, lysis in the CHsg assay is blocked, the functional

P

titer of the deficient protein being close to zero, and the

CHsy obtained is zero. An alternative pathway lytic test

exists and is termed the APsy. This test 1s less sensitilive

10 than the CHsy test and is used as a screening test.

In order to detect functional deficiencies of the

letin pathway, it is important to design a functional assay

in such a way that for example antibody-mediated activation

r'l-

of the classical pathway does not interfere in the detec-

15 tion, leading to false positive results. This 1s important

since anti-carbohydrate antibodies directed against MBL-

P

ligands that are used as activators of the lectin pathway

are common in the human population, and since these anti-

bodies can result into complement activation via the

20 classical pathway in MBL-deficient serum. Therefore, a

reliable functional lectin pathway assay should prevent

activation of the classical complement pathway.

The assays available until now for determining

deficiencies in the lectin pathway have serious restric-

25 tions, and can not determine the functional activity of the

whole activation cascade. Either they use exogenous com-

plement (and measure only the activity of the MBL-MASP

complex) or they use endogenous C4 (but not later activa-

tion steps) by using an assay under artificial conditions

30 that largely inhibits physiologilical complement activation.

In an article by Zimmermann-Nielsen et al. (Scand. J.

ITmmunol. 55:105-110, 2002) an assay for quantitating MBL-

induced activation of the complement system in human plasma

is disclosed. In this assay complement activation was

35 determined as autologous C4 activation. The initiation of
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the alternative pathway was blocked by using a high ionic

strength diluent buffer (1 M NaCl) as serum incubation

buffer.

However, the presence of 1 M NaCl strongly hampers

gr— pr—

activation of C4 both for the classical pathway and for

the lectin pathway. Therefore, this assay does not really

discriminate between these two pathways but makes both of

—

them highly inefficient. Furthermore, this leads to the

g

necessity of using extremely high serum concentrations

(1/5) in this assay, since these suboptimal conditions
result in a strongly inhibited complement activation which
is close to the detection limit.

Thus, complement activation in this Zimmerman-Nielsen

assay is not measured under physiologic conditions, and the

artificial conditions provided are likely to have differen-

pr—
—

t+ial effects on sera from different sources and/or differ-

ent MBL genotypes. In addition, it is not possible in this

assay to assess complement activation at a later stage than

C4, since the formation of CdbZ2a 1is strongly dependent on
jonic strength (Laich and Sim, BBA 1544:96-112, 2001), and

a C3 activation is accordingly completely undetectable in

1 M NaCl, also at high serum concentrations.

Thus, there is a need of methods for the functional

identification at physiological conditions of deficlencies

in the lectin pathway of the complement system of a mammal,

including humans. Such a method should allow for a specific

e

assessment of the complete lectin pathway of complement

-

activation until formation of Cbb-9.

The purpose of the invention is to achieve a method

e
—-—y

of functionally determining in vitro deficiencies 1n the

complement system whereby the above-mentloned problems are

eliminated.

In order to achieve this purpose an in vitro method

‘)

of functionally determining at physiological conditions
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deficiencies in the lectin pathway of the complement system

is provided, the method comprising the steps of

(a) providing a sample of mammalian blood, serum, plasma,
or another body fluid;

S (b) preventing in the sample the activation of the clas-
sical pathway by contacting the sample with an in-
hibitor of a molecule of the Cl complex of the comple-
ment system;

(c) preventing in the sample the activation of the alter-

10 native pathway;

(d) activating the lectin pathway in the sample; and
(e) determining in the sample any activation of the
autologous C5b-9 complex.
The purpose of the invention is also to produce a kit
15 for functionally determining deficiencies in the lectin
pathway of the complement system in a sample from a body
fluid.
This purpose is achieved by means of a kit which
comprises the separate items
70 (a) an inert carrier and a substance activating the lectin
pathway; ‘
(b) a diluent comprising an inhibitor of a molecule of the
Cl complex; and
(c) an antibody against the autologous C3b-9 complex.

25 According to an embodiment of the present invention,
there is provided an in vitro method of determining, at
physiological conditions, deficiencies in the lectin

pathway of the complement system, said method employing a

sample of mammalian blood, serum or plasma and comprising

30 the steps of:

(a) adding a Cl complex inhibitor to the sample,
wherein the inhibitor is a protein, peptide or

immunoglobulin against Clqg, Clr or Cls;

(b) diluting the sample to inhibit activation of the
35 alternative pathway;
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(C) adding a MBL (mannan-binding lectin) or ficolin
binding carbohydrate to activate the lectin pathway 1n the
sample;

(d) adding a first antibody against the autologous
C5b-9 complex; and

(e) determining whether the lectin pathway 1is

activated by measuring a level of the autologous C5b-9

complex, wherein the level of the autologous C5Sb-9 complex
measured will be lower than the level measured in a
corresponding normal body ligquid from a mammal if the
lectin pathway is deficient.

According to another embodiment of the present
invention, there is provided a kit for determining
deficiencies in the lectin pathway of the complement system
of a mammal, by testing a body fluid sample obtained from
the mammal wherein said kit comprises (a) an lnert carrier
and a MBL (mannan-binding lectin) or ficolin binding

carbohydrate; (b) a diluent comprising a Cl complex

inhibitor, wherein the inhibitor is a peptide, protein or
an immunoglobulin against Clg, Clr or Cls, (c) a first
antibody against the autologous C5b-9 complex, and (d) a
set of instructions fdr using said kit:

According to the inventlion an in vitro method of
functionally determining at physiological conditions defi-
ciencies in the lectin pathway (LP) of the complement sys~\
tem via autologous complement is provided. In the inventive
method a sample of mammalian blood, serum, plasma, or
another body fluid is first provided by means of methods
well-known within the art. The activation of two non-
assayed pathways, i.e. the classical pathway (CP} and the
alternative pathway (AP), 1s then prevented in the sample,

and the lectin pathway is activated. At last, any activa-
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tion of the complement pathway 1s determined at the level
of the C5b-9 complex.

The inventive procedure has to take a multitude of

facts and problems into consideration. For example, the

large multimeric protein complex Cl of the complement

system is composed of the subunits Clg, Clr, and Cls. The

P

activation of the classical pathway starts with the binding

e

of a foreign antigen by specific antibodies to form immune

complexes, e.g. IgM. Each immunoglobulin Fc region has a

single Clg-binding site, and each Clg must bind to 2 heavy

chains to be activated (thus eilther 2 IgG which become

cross—linked or 1 IgM).

“——

In the classical complement pathway the recognition

unit Clg is strongly related to the family of proteins

known as collectins, which have a complex structure made up

r—

of trimers consisting of, a segment of a collagenous

sequence at its N-terminus, and a C-type lectin domain at

its C-terminus. Clg does not possess a lectin domain, but

shares many structural and functional features with the

grny

collectins. The plasma concentration of Clg amounts to

around 100 pg/ml, and in vitro experiments show that only a

small fraction of Clg is sufficient for a complete comple-

ment activation.

In the inventive method potent and specific comple-

)

ment inhibitors are used to prevent undesired activation o:

each complement pathway. At least two different types of

inhibitors of Clg can be used to prevent the activation of

the classical pathway, those binding to the globular heads

and interfering with ligand recognition, and those binding

to the collagenous tail and impairing the ilnteraction with

complement activating enzymes and/or Clg receptors. Ob-

viously, those inhibitors which interfere with ligand

gr—

binding inhibit an earlier step of classical pathway acti-
vation. On the other hand, molecules that bind to the
globular head of Clg may trigger a Cl activation in the
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fluid phase, especially when these Clg-binding molecules

Preferably, monoclonal antibodies directed against

Clg are used in order to efficiently inhibit Clg-mediated

ligand binding and complement activation.

A number of identi

fied molecules are shown below in

Table 1, which can regulate the functional activity of Clg.
Table 1.
Inhibitor Déscription / Mechanism of Cl
comments inhibition
Cl inhibitor Plasma serine Inhibits Clr and Cls
protease inhibitor activity

IVIg Has broad activity Blocks Clg ligand
, binding
CRT Contains several May inhibit both Clg
active domains head and Clg tail
ClQr Native Clg receptor Binds Clg tail,

inhibits C1
formation

R, coli Clg Binds Cld_tail,
binding protein inhibits C1
| formation
gClgR Native Clg receptor Binds Clg head
Decorin Matrix protein Binds to Clqg head
and tail
preparations
Chondroitin sulphate |plasma Inhibits C1
proteoglycan proteoglycan/B cell- |formation

Secreted

Surfactant profein A

Collectin present in
the lung

InhibitsLC1q ligand
binding and Cl1
formation

e Y

HNP-1 Cytotoxic peptide Binds qu tail and
produced by inhibits C1

__|neutrophils formation

_Peptlde gClq—Ru; Derived from gClgR |Not defined

(TDGDKAFVDFLSDEIKEE) | )

Peptide Derived from CRT |Inhibits Clq ligand

KDIRCKDD - - - ) binding

Peptide Derived from human Inhibits Clq llgand

AEAKAKA B 1gG binding

Peptlde Derived from human Not defined

VQVHNAKTKPR IgGLl

QT e—

gy, P . i, — —
B e e}
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Table 1 (cont.)

Inhibitor Bescription/ Mechanism of Cl1
comments inhibition o
Peptide WY Derived from human Inhibits Clg ligand
I1gG inding
Peptide 2J Syhthetic peptide Binds Clg head,
(CEGPFGPRHDLTFCW) inhibits ligand
binding
ghB3 Trimeric Clg B chain |Acts as a competitor |
for Clg binding
Peptide CBPZ2 Derived from Clg B Acts as a competitor
LEQGENVFLQATLIL chain for Clg binding
5 In Table 1, natural Clg-binding molecules, several

series of Clg-binding peptides and competitive inhibitors

p—

derived from the sequence of Clg are shown, which can be

used in the method according to the invention for inhibi-

ting Clg of the complement system or as a inhibitory Clg-

P

10 binding protein when preventing the activation of the

classical pathway.

The classical Clg-binding proteins are ilImmuno-

P

globulins, and the globular head domain of Clg interacts

with both IgG and IgM upon antigen binding, or after its

15 aggregation or immobilization. Human immunoglobulin for

intravenous use (IVIg) can inhibit complement activation,

and the main mechanism of action seems to be a scavenging

of Clg and activated C4 and C3 by soluble immunoglobulins.

g—

Next to immunoglobulins, a number of other proteins

20 have been identified that are able to bind Clg. Among these

are Clg-binding proteins, which (under certain conditions

and on certain cell types) are present on the cell mem-

- A A

brane, such as calreticulin (CRT), the endothelial Clg

receptor, and the globular Clg receptor (gClg-R). The

25 membrane-expressed forms of these Clg binding proteins

are involved in Clg-mediated cell activation, whereas

F

soluble forms of these molecules are able to inhibit Clg

function.
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Calreticulin (CRT) 1is a calcium-binding protein

g—

that 1s mainly present in the lumen of the endoplasmic

reticulum. Protein sequencing data indicate that CRT

probably i1s 1dentical to the Clg receptor present on the

F

cell surface of various cell types. CRT can bind to the o2

macroglobulin receptor (CD91) at the cell surface, and

different domains of CRT can be distinguished, which bind

to Clg, 1.e. the adjacent N domain and P domain, but not

the C domain. Furthermore, the S-domain, which overlaps

gy

parts of the N- and P-domains, also shows clear Clg

binding. The S-domain of CRT clearly resembles a CUB domain

present in Clr and Cls, suggesting that this domain may

interact with the collagenous part of Clg.

Accordingly, different sites on Clg interact with

different domains of CRT. Native and recombinant CRT, as

well as the N-domain, the P-domain and the S-domain, all

inhibit the Clg-dependent hemolysis as well as the forma-

P

tion of Cl. A number of Clg-binding peptides have also been

identified that are able to inhibit Clg function, which

peptides are useful in the present inventive method. Among
these are human neutrophil peptide-1, peptides derived from

natural Clg-binding proteins, and synthetic peptides se-

lected from peptide libraries.

A Clg-binding protein (gClgR) can also be used, which

binds specifically to the globular head of Clg. The native

Clg receptor (ClgR), isolated from human endothelial cell

membranes or from polymorphonuclear leukocyte membranes,

functionally 1nhibits the formation of active Cl. This
inhibitory activity is reversed by Clg collagenous tails,

but not by globular heads. In a similar way, a soluble

=

protein i1solated from coli, which binds Clg, is able to

inhibit C1 formation.

In addition, the activation of the classical pathway

can be prevented by contacting the sample in an assay with

an antibody directed against Clr or Cls. In this connection
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several other Clg-binding molecules can be used, which can

modulate Clg function. Examples are the Clg-associated

plasma proteoglycan and the chondroitin sulfate proteo-

glycan produced by human B cells, which can bind Clg and

inhibit Cl formation. The dermatan sulfate proteoglycan

decorin, a constituent of the extracellular matrix, as well

as the related proteoglycan biglycan are also sultable
inhibitors.

Likewise, the activation of the classical pathway can

be prevented by providing a peptide inhibitor of Clr or

Cls. Several members of the pentraxin family, 1i.e. C

reactive protein, serum amyloid P component and pentraxin-

3, have been described to bind Clg. Pentraxin-3 can inhibit

Clg activity under certain conditions, and surfactant

4

protein A, a member of the collectin family, 1s able to

bind to Clg and to inhibit its activity. This 1s accom-

plished by interfering in both the binding of Clr and Cls

as well as the binding of immune complexes.

A competitive inhibition of Clg by Clg-derived

molecules is an alternative approach for the inhibition

of the classical complement pathway. Here, functionally

—

inactive parts of the Clg molecule are used, which each

serves as a competitive inhibitor for Clg ligand binding.

Recombinant globular head domains of the Clg A (ghA) and B

chain (ghB) have been generated, which separate domains are

both able to bind to IgG, but the B domain is more potent

than the A domain. A better activity is obtained when the

recombinant Clg B chain is trimerized by using the neck

region of the surfactant protein D.
* A small inhibitory Clg-binding molecule can also be
used, such as the human neutrophil peptide-1 (HNP-1), which
can bind to Clg and inhibit the classical complement path-

way. This peptide belongs to the o defensin family of

small cationic peptides, which are present in azurophilic

neutrophil granules. It is preferred that such a peptide
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inhibitor of Clr or Cls is a synthetically produced peptide

1n order to achieve sufficient amounts at low costs.

Several Clg-binding peptides have been identified on

_ F

basis of the amino acid sequence of Clg binding proteins.

By using 92 overlapping peptides, several Clg binding sites

in the N and P regions of CRT have been identified. A

ﬁ

number of these peptides are able to i1nhibit a classical

pathway activation in human serum as well as the binding of

F
p—

Clg to IgG. These peptides are characterized by a moti:

that resembles a binding site for Clg in the CHZ domain of
IgG (ExKxKx).

In this connection, peptides directly derived from

TgG have been described to inhibit Clg, such as a 7-meric

peptide (i.e. AEAKAKA) containing the ExKxKx motif, an 11-
meric peptide (VQVHNAKTKPR) derived from IgGl that i1s re-

lated to the same motif, and a dimeric peptide (WY, c.f

Table 1). These peptides were able to inhibit activation of

the classical complement pathway in several in vitro

assays. However, the WY peptide also inhibits the altern-

ative complement pathway.

Among 42 peptides selected from phage-displayed
peptide libraries based on phage binding to human Clg, 20

peptides have been ildentified, which can inhilbilit the clas-

sical complement pathway in human serum. Remarkably, 13 out

of these 20 peptides were able to inhibit the classical

pathway as well as the alternative pathway in hemolytic

assays, whereas 7 peptildes specifically inhibited the

classical pathway. Out of these peptides, the peptide 2J

(CEGPFGPRHDLTFCW) was selected. Peptide 2J 1s a strong in-

F

hibitor of Clg hemolytic function. Similar to the peptides

with an IgG motif, peptide 20 binds to the globular head of

Clg and inhibits the binding of Clg to IgG. In addition,
peptide 2J inhibits Clg from human, primate and rodent

origin.
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F

"ul for inhibiting the

Other selected peptides use:
classical pathway are CEGPFGPRHDLTFCW, CRWDGSWGEVRC,

CMWVRMWGDVNC, CFWAGKFGLGTC, CKDRWVVEERCC, and CWNREFKKMDRC.

Several other peptides can also be used, which act as a

Lt

competitor for Clg binding and are derived from the Clg B
chain, e.g. the peptide CBPZ (LEQGENVFLQATLL).

The Cl inhibitor protein is a key molecule with

respect to complement regulation at the recognition phase

and inhibits the serine proteases of the activated C1

complex. Thus, any potentiator of the Cl inhibitor can be

used in order to prevent the activation of the classical

pathway.

—

In addition, a protease inhibitor of Clr or Cls can

be used, for example known inhibitors of serine proteases.

These inhibitors can also be used when the activation of

the lectin pathway i1is to be prevented.

The mannan-binding lectin (MBL) is a C-type lectin

present in serum in a large pro-enzymatic complex that

shows similarities with Cl. Similar to Clg, MBL is a poly-

meric molecule of trimeric subunits. The trimers of MBL

consist of three identical chains with a collagenous tail

region and a carbohydrate recognition domain. In serum, MBL

is associated with the MBL-associated serine proteases
MASP-1, MASP-2, and MASP-3. It has been demonstrated that
activated MASP-2 is able to activate C4 and C2, which

results in the formation of the C3 convertase C4bpZ2a and

F

the subsequent activation of C3. The MASP enzymes are homo-

logous to Clr and Cls.
A simple and effective way to prevent the activation

of the alternative pathway 1s to dilute the sample. By

gy

addition of 1 M NaCl to a serum dilution buffer, Clg

binding and CP activation can be completely prevented

whereas binding of MBL can proceed. However, the inhibiting

effects of high ionic strengths should be taken into

consideration.
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In the alternative pathway, the serine protease

_—

factor D produces a C3 convertase which - if not inactiv-

ated - will continue to act on component C3 and cause 1its

total depletion. Thus, the activation of the alternative

5 pathway can prevented by contacting the sample 1n an assay

with a protease inhibitor of factor D of the complement

system or an antibody directed against the same.

The lectin pathway is known to be activated by the

binding of the members of collectin family of protelns to

10 specific carbohydrate moieties on invading pathogens. These

then directly activate the components of the classical

pathway, the need for specific antibodies being avoided.

One member of the collectin family is mannan-binding lectin

(MBL), which is found in serum and binds to terminal

15 mannose groups on bacterila.
Accordingly, the lectin pathway can be actilivated by

p—
—

contacting the sample with a MBL-binding carbohydrate of

high or low molecular weight. Examples of high molecular

Lo

weight mannans are glucomannans and galactomannans.

-

20 Preferably, the MBL-binding carbohydrate of low molecular
weight is mannose or fucose. The lectin pathway can also be

triggered by binding of a synthetic carbohydrate conjugate

or a microbial polysaccharide.
Since ficolins, GlcNAc-binding lectins 1n serum, are

25 considered to be lectins with the ability of activating the

lectin pathway, the lectin pathway can also be activated by

providing in an assay a ficolin-binding carbohydrate.

However, certain pathogens have the ability to

directly activate the classical pathway, without the need

30 for specific antibody interactions. Activating molecules

include yeast cell walls, bacterial lipopolysaccharide

-

(LPS) and the capsids of several viruses. Likewlse, aggreg-
are known

‘——

=]

ates of immunoglobulins, for example, IgA or Ig.
to activate the alternative complement pathway. Thus, when

35 preventing the activation of one pathway, an activator
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the inventive method, which itself

activates this pathway.

—

Any activation of the complement pathway in the

sample can subsequently be determined by establishing an

r—

activation o:

a complement protein from C4 to CY of the

same. Preferably, SC5b-9, the terminal complement complex,

is determined since it is the membrane attack complex (MAC,

Chb—-9) that is formed

when complement activation occurs by

either pathway. The determination can be accomplished by

providing 1n an assay

Cob-9 complex formed.

antibodies against the autologous

Tt should be noted that in the inventive method the

antibody against the Cbb-9 complex recognizes the whole

complex and not its individual parts.

In a complement

P
p—

function assay a certain density of

an activating substance 1s required. For example, an anti-

body must be bound, e.g. to an antigen or to a plastic

material, 1n order to

P

mining the binding of

activate complement. Likewise, any

activation of the complement should be performed by deter-

any complement protein from C4 to C9;

or of any formed C5b-9 complex, to an activating surface.

Thus, 1t 1s pre:

‘erred in the kit according to the

invention that the activating substance is coated (immobil-

P

ised) on an i1nert carrier. A coating on the surface of a

carrier can be accomplished by using conventional tech-

igues. For example, the activating substance can be i1mmob-

ilized by means of covalent coupling to the carrier as a

bead or matrice/gel.

-

Suitable carriers for attachment of the substance

activating the lectin

pathway are synthetic polymeric

carriers, such as polypropylene, polystyrene, substituted

polystyrene, e.g. aminated or carboxylated polystyrene,

polyacrylamides, polyamides, polyvinylchloride etc, glass,

agarose, nitrocellulose etc.

The carrier can be in the form

of beads, strips, or wells of microtitre plates. Prefer-
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[*]

ably, an ELISA plate is used. However, other carriers can

also be used.

Separate items to be included in a kit for carrying

out 1nventive method are:

(a) an inert carrier and a substance activating the lectin

pathway;

p—— gr—

(b) a diluent comprising an inhibitor of a molecule of the

Cl complex;

(d) an antibody against the C5b-9 complex.

(e) a labeled anti-antibody against the antibody against
the Cbb-9 complex;

(f) an enzyme substrate;

(g) a washing solution;

(h) a normal body liquid; and

(1) an i1nactivated normal body liguid.

Preferably, the kit is used in an ELISA analysis when

carrying out inventive method. Such a kit can be used

manually or in a robot. A software system for flexible

automated multi-well plates analyses can also be utilized.

A

When a deficiency in the lectin pathway of the com-

plement system is suspected, a body fluid obtained from a

patient, usually a serum, can be analyzed by means of the
inventive method. The serum, a negative, and a positive
control are all diluted in the same way with a diluent.

F

The diluent comprises an inhibitor of a molecule of

‘)

the Cl complex in order to inhibit the classical pathway

and is preferably the Clg inhibitor. Other inhibitors

mentioned above can also be used.

The diluent can be formulated from buffered aqueous

media coﬁtaining a variety of salts and buffers. Prefer-

ably, the salts are alkali and alkaline earth halides, e.qg.

sodium chloride, potassium chloride, or sodium sulphate.
Various, such as buffers may be used, such as citrate,

phosphate, HEPES, Tris or the like to the extent that such

buffers are physiologically acceptable for 1ts purpose. The
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diluent should have a physiological pH and a physiological

pr—

ionic strength. Preferably, phosphate buffered saline (PBS)

1s used. The diluent should contain calcium and magnesium

ions.

The negative control is an i1inactivated normal body

liquid. In this case, the inactivated normal body liquid is

heat inactivated human serum. The negative control defines

the lowest possible signal which can be obtained with the
inventive method, not only the lectin pathway but the total

complement system being completely extinguished.

The positive control is a serum sample from a person

g~

with a normal level of complement. Such a control is in-

gy

cluded in the kit in order to estimate if a signal is

plausible or not when determining in the sample any activa-

tion of the C5b-9 complex.

The positive control can also be a serial dilution

(calibrator) of a normal serum for a calibration curve,

_

which is used for a guantification of the method. Such a

calibration can be used for selecting a standard value, by

means of which it is possible to compare different patients

or follow the treatment of a patient.

vt

After dilution of the serum to be tested as well as

the positive and negative controls, the liguids are allowed

to contact the 1nert carrier and the substance activating

the lectin pathway.

In a not limiting exemplifying embodiment of the

invention the carrier i1s in the form of a strip coated with

mannan. Each strip with diluted serum, positive and negat-

ive control sera are incubated at 37 C for 30 min, thereby

activating the complement, and the terminal complex is

formed.

The strips are then washed with the washing solution,

which in this embodiment should be the buffer component of
the diluent.
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A diluent buffer solution of a labeled mouse anti-

antibody against the antibody against the C5b-9 complex is

then added to the strips, which are incubated for further

30 min. The anti-antibody can be enzyme labeled or labeled

in some other way, e.g. fluorescent labeled. Preferably,

the label 1s an enzyme. It 1s also preferred that the

antibody is a monoclonal antibody, most preferred a mono-

clonal anti-mouse antibody.

The antibody against the C5b-9 complex can also be

directly labeled for generating a signal, such as a

fluorescent or enzyme label, preferably labeled with an
enzyme, the anti-antibody step being omitted.

The strips are agalin washed and an enzyme substrate

in a sulitable reaction buffer i1is then added. The reaction

between enzyme labeled anti-mouse antibody and enzyme

substrate 1s allowed to proceed for 30 min, and the color

of reaction product 1s measured 1n as spectrophotometer, a

deficiency in the test serum corresponding to a low absorb-

ance with reference to the positive control serum.

Examples.

—

The method of the present invention will now be

further illustrated by but is by no means limited to the

following examples.

Materials and Methods.

Human materials.

Human serum was obtained from 70 healthy adult volun-

teers and immediately frozen at -80 °C in aliguots. Out-

‘dated healthy donor plasma was obtalned from the Bloodbank

Leiden-Haaglanden, Leiden, the Netherlands. From a patient

with Kahler’s disease of the IgM type, plasma was obtained

that became availlable after a plasmapheresis treatment.
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Anti-Clqg and anti-MBL antibodies.

Monoclonal antibodies against Clg were produced in

mice as described before (Hoekzema R., et al. Mol. Immunol.

25, 485-494, 1988). The anti-Clg mAb 2204 (IgGl) is dir-
ected against the globular head domain of Clg and is able

to inhibit the binding of Clg to IgG, as well as Clg-

dependent hemolysis (Roos A., et al., J. Immunol. 167,
7052-7059, 2001). For the purification of mAb 2204, gamma

globulins were precipitated from ascites by using 50 %

(NH;) 2SO4. The precipitate was dialyzed against 10 mM Tris

containing 2 mM EDTA (pH 7.8) and subjected to anion ex-

change chromatography by using DEAE-Sephacel (Pharmacila,

Uppsala, Sweden). Proteins were eluted by using a salt

gradient and the fractions that showed binding of mouse IgG

P

to Clg-coated ELISA plates in the presence of 1 M NaCl were

pooled, concentrated, dialyzed against PBS and stored at
-80 °C.

Polyclonal anti-Clg antibodies were produced 1n
rabbits. New Zealand White rabbits were immunized (weekly

for four weeks) with 180 pg Clg dissolved 1n complete

Freunds adjuvant, resulting in antisera with a positive

titer on Clg-coated ELISA plates beyond 1/25,000. IgG was

»)

precipitated from rabbit serum by using 40 % (NHg)2504 and

purified by using DEAE-Sephacel as described above.

Starting from purified rabbit IgG anti-Clg, Fab

fragments were generated by using papain. Therefore, IgG

R

was dialyzed against 10 mM phosphate buffer containling
10 mM L-cysteine and 2 mM EDTA (pH 7.0). Subsequently,

mercuripapaine (from Sigma) was added (1 % w/w of the

protein content) rolLlowed by incubation for 16 hours at

37 °C. After dialysis against PBS, the sample was applied

to Sepharose-coupled protein G (from Pharmacia, Uppsala,

gweden), and the fall through fractions, containing Fab

fragments, were pooled, concentrated, and used for experi-
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-v-‘

ments. Analysis by non-reducing SDS-PAGE showed a prominent

band at approximately 45 kD.

gr—
—

A mouse mAb directed against the lectin domain of
human MBL (mAb 3F8) was kindly provided by Dr. G.L. Stahl
(Harvard Medical School, Boston, Massachusetts, USA)
(Collard C.D., et al., Am. J. Pathol. 156, 1549-1556,
2000) .

Preparation of human Clg and Clg-depleted serum.

Human Clg was 1solated from human donor plasma

exactly as described previously and was stored at -80 °C
(Roos A., et al., J. Immunol. 167, 7052-7059, 2001).

Isolated Clg was able to completely restore the lysis of

antibody-coated erythrocytes induced by Clg-depleted human

SerXulll.

For the preparation of Clg-depleted serum, undiluted

=]

normal human EDTA plasma (obtained from a donor with the

—
B

MBL/AA genotype) was applied on column consisting of Biogel

A5 (from Biorad) coupled to rabbit IgG anti-human Clg. The

column was washed by using Veronal-buffered saline (VBS;
1.8 mM Na-5,5-diethylbarbital, 0.2 mM 5,5-diethylbarbituric
acid, 145 mM NaCl) containing 10 mM

tested in a Clg-dependent hemolytic assay 1n the absence or

DTA. Fractions were

[

presence of purified Clg. Fractions that showed complete

erythrocyte lysis in the presence of Clg, but not in the

absence of Clg, were pooled and concentrated until the

original volume. After recalcification, Clg-depleted serum

was stored at -80 °C.

Isolation of human IgM.

Plasma containing an IgM paraprotein was dialyzed

against 10 mM sodium acetate containing 2 mM EDTA (pH 5.0).

The precipitated proteins were recovered by centrifugation,
dissolved in PBS, dialyzed against Tris/EDTA buffer (10 mM
Tris, 2mM EDTA, pH 7.8 and conductivity 5.0 mS), and sub-

jected to anion exchange chromatography by using DEAE-
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Sephacel. The IgM eluted by the salt gradient was pooled,
dialyzed against 10 mM sodium acetate (6.0 mS, pH 7.0) and

applied to a CM-C-50 Sephadex anion exchange column (from

Pharmacia). Following elution with a salt gradient, frac-

tions containing IgM were pooled, concentrated, and applied

to a Superdex 300 gel filtration column. Peak fractions

containing IgM and free of IgG were pooled, concentrated,
and stored at -80 °C.
In the drawings
Fig 1 shows the activation of C4 (A) and C3 (B) as

assessed by ELISA of human serum incubated on plates coated

—

with mannan in a buffer containing calcium, magnesium, and
NaCl.

Fig 2 shows anti-mannan-antibodies in human serum;

A—-C+: Different concentrations of human serum from three

different healthy donors were incubated on plates coated

with either mannan (closed symbols, solid lines) or BSA

F
p—

(open symbols, dashed lines). Binding of IgG (A), IgA (B)

or IgM (C) was detected. As a positive control, plates were

incubated with pooled immunoglobulin, as indicated;

g

D: Anti-mannan antibodies of the three major Ig classes

were quantified in healthy donor serum (N = 70). Solid
lines indicate the median concentrations, dashed lines

indicate the detection limits.

Fig 3 shows the role of Clg in activation of the CP

and the LP;
A, B: Normal human serum or Clg-depleted serum (ClgD-NHS),

diluted in GVB++, was incubated on plates coated with IgM

-y

(A) and mannan (B), respectively, followed by detection o:
C4 binding:;
C: NHS and Clg-depleted NHS (diluted 1/400) were incubated

on plates coated with IgM or mannan in the presence or

absence of purified Clg (0.5 pg/ml), as indicated.

D: NHS was incubated on IgM- or mannan-coated plates in the

presence or absence of blocking mAb directed against MBL
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(mAb 3F8, 10 pg/ml) or Clg (mAb 2204, 20 pg/ml), or both

(combination) .

pr—
e

Fig 4 shows the assessment of C4 activation with

purified IgG and IgM antibodies,respectively, in con-

5 centrations as indicated, which were incubated on mannan-

coated plates with MBL-deficlent serum in the absence or

po—

presence of mAb 2204 anti-Clg.

Fig 5 shows complement activation via the LP and the

P

CP; Complement activation was induced by incubation of

10 different concentrations of NHS on plates coated with IgM

for CP activation (A) or with mannan for LP activation (B),
in the presence or absence of mAb 2204 (20 pg/ml). Activa-

tion and binding of complement was demonstrated by detec-

tion of Clg, C4, C3, and C5b-9 using specific mAb.

e~

15 Fig 6 shows activation of the alternative pathway;

NHS was incubated on plates coated with mannan, LPS, or
BSA, in a calcium-free buffer (GVB/MgEGTA) to block activa-
tion of the CP and the LP. Binding of C3 and C4, respect-

ively, was subsequently assessed.

20

L4

COMPARATIVE EXAMPLE.

High salt concentrations influence the complement

system negatively, several reactions being inferior.

Serum was incubated in wells of microtitre plates
25 coated with mannan in buffer containing calcium, magnesium,
and NaCl at the concentrations indicated in Fig 1, and the
activation of C4 (A) and C3 (B) was assessed by ELISA.

A complete inhibition of the activation of C4 (A) as

i

well as a complete inhibition of the activation of C3 (B)

30- was—obtained—by—high—salt—concentrations+—Accordingly,—high

gr—
and

ionic strengths inhibit C3, probaly by means oI

i)

denaturation, thereby preventing any mesurement oL

activities after CA4.
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EXAMPLE 1. Assessment of functional lectin pathway activity
by ELISA.
Functional activity of the lectin pathway was as-

5 sessed with ELISA by using immobilized mannan as a ligand.
Mannan was obtained from Sigma from Saccharomyces cere-
visiae; M7504), dissolved in PBS (10 mg/ml) and stored at
-20 °C. Nunc Maxisorb plates (Nunc, Roskilde, Denmark) were
'cqated with mannan (100 pg/ml) in coating buffer (100 mM

10" Na,CO3/NaHCO3;, pH 9.6) for 16 hours at room temperature or
for 2 hours at 37 °C. After each step, the plates were
washed three times with PBS containing 0.05 % Tween 20.
Residual binding sites were blocked by incubation for one
hour at 37 "C with PBS containing 1 % BSA. Serum samples

15 were diluted in GVB++ (VBS containing 0.5 mM MgCl,, 2 mM

CaCl,, 0.05 % Tween-20", and 0.1 % gelatin; pH 7.5) in the
presence of mAb 2204 (20 pg/ml) as an inhibitor of Clg,

unless otherwise indicated. This mixture was pre-incubated
for 15 minutes on ice, before addition to the plates. The
20 plates were then sequentially incubated for 1 hour at 4 °C

L 4

and for 1 hour at 37 °C, followed by washing. Complement
binding was detected by using mouse mAb conjugated to
digoxygenin (dig) by using digoxygenin-3-O-methylcarbonyl-
g-—aminocaproic acid-N-hydroxysuccinimide ester (from

25 Boehringer Mannheim, Mannheim, Germany) according to
instructions provided by the manufacturer. Detection of

Clg, C4, C3, and C5b-9 was performed by using mAb 2214
(anti-human Clq), mAb C4-4a (anti-human C4d), RFK22 (anti-
human C3), and AEll (anti-C3b-9), kindly provided by Dr.

30 T.E. Mollnes, Oslo, Norway), respectively. Binding or mAD
was detected by using dig-conjugated sheep anti-mouse
antibodies (Fab fragments) followed by HRP-conjugated sheep
anti-dig antibodies (Fab fragments, both from Boehringer
Mannheim) . All detection antibodies were diluted in PBS

35 containing 1 % BSA and 0.05 % Tween 20. Enzyme activity of
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HRP was detected following incubation at room temperature

for 30-60 min with 2,2’ -azino-bis (3-ethylbenzthiazoline-

6-sulfonic acid) (from Sigma; 2.5 mg/ml in 0.1 M

citrate/Na,HPO, buffer, pH 4.2)

'}

in the presence of 0.01 %

H,O0,. The OD at 415 nm was measured by using a microplate

biokinetics reader (EL312e, from Biotek Instruments,

Winooski, Vermont, USA).

Quantification of anti-mannan antibodies in human serum.

For the quantification of anti-mannan antibodies in

human serum, ELISA plates were

coated with mannan and

blocked with 1 % BSA in PBS. Serum samples were diluted

1/100 for detection of IgG anti-mannan Ab, 1/10 for detec-

pr——

tion of IgA anti-mannan Ab, and 1/40 for detection of IgM

anti-mannan Ab, respectively, unless otherwise indicated.

For guantification, pooled hume

n IgG (48 mg/ml IgG), pooled

human IgA (41 mg/ml IgA), and pooled human IgM (35 mg/ml

‘—

by Biotest Pharma GmbH, Dreleich, Germany). The concentra-

tion of anti-mannan antibodiles

p— -

IgM) were used as a standard for detection of IgG, IgA and

TgM anti-mannan antibodies, respectively (kindly provided

in these preparations was

arbitrarily set at 1000 U/ml. All samples were diluted

9

in PBS containing 0.05 % Tween

20 and 1 % BSA. Antibody

binding was detected by using biotinylated HB43 (mouse mAb

anti-human IgG), biotinylated HB57 (mouse mAb anti-human

IgM) and dig-conjugated 4E8 (mouse mAb anti-human IgA),

respectively, followed by either HRP-conjugated strept-

avidin or HRP-conjugated sheep

from Boehringer).

anti-dig antibodies (both

ot

Mannan—i-s—a—major-kigand—eof-MBLh—~that—ecan—effieciently—

activate the LP of complement.

However, human serum con-

tains anti-carbohydrate antibodies, probably resulting

from previous microbial contacts. Such anti-carbohydrate

antibodies may bind to mannan &

nd the resulting lmmune

complex may contribute to complement activation by mannan

via activation of the classical complement pathway
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(Petersen S.V., et al., J. Immunol. Methods 257, 107-11e,

2001) . Mannan-binding antibodies are clearly detectable in

gram—y
—r

human serum as assessed by ELISA (Fig 2). Incubation of
pooled human IgG (Fig. 2A), IgA (Fig 2B) and 1IgM (Fig 2C)

on immobilized mannan resulted in a dose-dependent binding

=

of 1ggG,

'gA, and IgM, respectively, as detected by isotype-

specific mAb. As a control, parallel incubatlons were per-

formed on immobilized BSA, resulting in low or undetectable

background binding of pooled Ig. Incubation of three sera

from healthy donors on mannan—-coated plates resulted 1in a

strong dose-dependent IgG binding in all three sera. In

donor 1, IgA and IgM anti-mannan Ab were undetectable,

serum from donor 2 contained IgG, IgA, and IgM anti-mannan

antibodies, whereas in donor 3 some IgM binding was ob-

served but no IgA binding (Fig 2A-C). Binding of Ig was

gr—

undetectable following incubation of serum on BSA-coated

plates (Fig 2A-C). A quantification of anti-mannan anti-

bodies in sera from 70 healthy donors is presented in Fig

2D. IgG and IgM anti-mannan Ab were present in nearly all

donors, with a large interindividual variation, whereas IgA

o .

anti-mannan Ab were detected in 63 % of the donors. NoO

significant correlation was observed between the three

major isotypes of anti-mannan antibodies, or between anti-

mannan antibodies and MBL concentrations (not shown).

EXAMPLE 2. Functional characterization of the lectin

pathway in the presence of Clg-inhibitory Ab.
Both the LP and the CP are calcium—-dependent and lead

to activation of C4. A distinction between both pathways

e

can be made by selection of a specific ligand that indadces

specific activation of either the LP or the CP. In view of

the presence of anti-mannan Ab in human serum, mannan 1s
likely to activate both the LP, via MBL, and the CP, via

anti-mannan Ab. Therefore, a strategy was developed to

inhibit activation of the CP in order to allow solely the
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activation of the LP by immobilized mannan, by using in-

hibitory anti-Clg antibodies.

Anti-Clg antibodies were tested for their ability to

inhibit the CP of complement by using immobilized IgM as a

specific activator of the CP. Incubation of 1 % normal
human serum (NHS) on immobilized IgM induces deposition of
C4, which could be dose-dependently inhibited by the anti-
Clg mAb 2204, by rabbit IgG anti-Clg antibodies and by Fab

fragments prepared from this rabbit anti-Clg antibody pre-

paration. Complete inhibition was reached when the anti-

bodies were applied at 5 png/ml. In contrast, rabbit IgG

F

prepared from non—-immunized rabbits did not have an effect

on C4 activation via the CP. These antibodies were tested

for their effect on complement activation induced by immob-

po—

ilized mannan. Incubation of NHS on mannan il1nduced a dose-

P

dependent deposition of C4 with a maximal activation at a

serum concentration of 1 %. Addition of a fixed concentra-

tion of mAb 2204, Fab anti-Clg fragments, or normal rabbit

P

~ect on C4

IgG as a control had a slight inhibitory e

activation. In contrast, rabbit IgG anti-Clg Ab induced

P

complete inhibition of C4 activation by mannan, most likely

due to complement consumption via Clg-anti-Clg complexes.
These data show that Clg-inhibitory antibodies can block CP

=

activation completely whereas mannan-induced actlvation of

the LP can proceed in a Clg-independent way.

To further examine the role of Clg in complement

activation by mannan and by IgM, NHS was depleted from Clqg.

Depletion of Clg from NHS resulted in a complete inhibition

P

of C4 activation by immobilized IgM (Fig 3A), as previously

described (Petersen S.vV., et al., J. Immunol. Methods 257,

107-116, 2001), whereas C4 activation by immobilized mannan

was slightly inhibited by depletion of Clg (Fig 3B).
Reconstitution of Clg-depleted serum with purified Clg

resulted in a complete restoration of C4 activation by IgM

(Fig 3C). In contrast, C4 activation by mannan was slilightly
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inhibited by the addition of purified Clg to Clg-depleted

serum, possibly due to the presence of an inhibitory

protein co-isolated with Clg. The contribution of Clg and

MBL to C4 activation by IgM and mannan was further studied

by using blocking mAb against Clg and MBL, respectively

(Fig 3D). C4 activation on IgM-coated plates was completely

inhibited by mAb anti-Clqg and no inhibition occurred with a

blocking anti-MBL mAb. In contrast, the C4 activation

induced by mannan was partially inhibited by mAb anti-Clg

and strongly inhibited by mAb anti-MBL. A complete 1in-

—
—

hibition of mannan—induced C4 activation was achieved when

a combination of mAb anti-Clg and mAb anti-MBL was used.

Together, these data indicate that IgM-mediated activation

of C4 is completely dependent on Clg and does not involve

MBL. In contrast, mannan-induced activation of C4 is mainly

=

mediated by the LP but comprises a minor contribution of
the CP. The latter contribution of the CP can be inhibited
by Clg-blocking Ab, thus allowing activation of the LP

only.

g

EXAMPLE 3. Demonstration of cooperation between the

classical pathway and the lectin pathway in

complement activation by mannan.

The complement-activating capability of anti-mannan

antibodies was further assessed in functional experiments

by using purified IgG and IgM from normal human plasma. The

antibodies were incubated on mannan-coated plates using PBS
containing 1 % BSA, 0.05 % Tween 20, and 10 mM EDTA as a

g -

dilution buffer. Following washing, plates were incubated

With MBL=deficient serum (dilTuted 17100 Inmthe presence or

absence of mAb 2204), and activation of C4 was assessed as

described above.
The C4 depletion, as measured by 0OD415 in ELISA, in

the absence or presence of mAb 2204 anti-Clg is shown in

P

35 Fig 4. Pre-incubation of mannan-coated plates with purified
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IgG or IgM induced a dose-dependent deposition of C4 on

mannan upon addition of MBL-deficlent serum (BB genotype),

whereas no complement activation could be detected with

gy

this serum alone. Activation of C4 induced by anti-mannan

P

Ab was completely inhibited by addition of a Clg-inhibitory

Ab in the MBL-deficient serum, clearly indicating that

mannan-binding IgG and IgM can restore complement

activation by mannan in MBL-deficient serum by the

activation of the classical pathway of complement, 1n the

g
—

absence of functional MBL.

EXAMPLE 4. Assessment of functional classical pathway
activity by ELISA.

The protocol for the functional activity of the

classical pathway was similar to the protocol for the LP

assay, Example 1, with important modifications. As a ligand

for CP activation, human IgM was coated at 2 pg/ml. After

blocking of residual binding sites, serum samples, diluted

in GVB++, were added to the plate and incubated for 1 hour
at 37 °C. Complement binding was assessed by using dig-
conjugated mAb directed against Clqg, C4, C3, and C5b-9,
followed by the detection of mAb binding by using HRP-

conjugated sheep anti-dig antibodies.

grm

EXAMPLE 5. Complement activation and formation of CS5b-9 wvia
the CP and via the LP.

The complement activation cascade was further studied

A

by using mAb to detect binding of specific complement com-

ponents upon their activation via the CP and the LP, re-

spectively—Inecubation—of-NHS—on—ilmmob ildzed-IgM-resulted

in a dose-dependent deposition of Clg, C4, C3, and C3b-9

to the plate (Fig 5A). Binding of Clg and a subsequent

complement activation induced by IgM could be completely
inhibited by mAb 2204. Incubation of NHS on immobillized

mannan resulted in a dose-dependent binding of C4, C3 and

e

C5b-9, whereas binding of Clg was hardly detectable (Fig
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5B). Complement activation by mannan was only slightly
inhibited by the addition of mAb 2204. Therefore, addition

gr—

of mAb 2204 to serum allows the specific detection of LP

activation by using mannan as a ligand without any

5 interference of the CP.

EXAMPLE 6. Assessment of functional alternative pathway
activity by ELISA.

The protocol for the functional activity of the al-

10 ternative pathway was similar to the protocol for the LP

assay, Example 5, with important modifications. As a ligand

for AP activation, LPS was coated at 10 pg/ml. LPS from

Salmonella typhosa was obtained from Sigma (L-0638606),
dissolved in PBS at 1.6 mg/ml and stored at -20 °C. Plates
15 were blocked by using 1% BSA in PBS. Serum samples were
diluted in GVB/MgEGTA (VBS containing 10 mM EGTA, 5 mM
MgCl,, 0.05 % Tween-20, and 0.1 % gelatin; pH 7.5) and
incubated in the plate for 1 hour at 37 °C. Complement

\

binding was assessed by using dig-conjugated mAb directed
20 against C4 and C3 followed by the detection of mAb binding

by using HRP-conjugated sheep anti-dig antibodies.

Activation of the alternative pathway.

In order to enable the detection of all complement

25 activation pathways in one assay system, the activation

_

of the alternative pathway in an ELISA system was also

studied. In contrast to the LP and the CP, activation of

F

the AP is calcium-independent. Therefore, a calcium-free

puffer was used, thus excluding involvement of the CP and

30 the LP. As previously described (Fredrikson G.N., et al.,

R .. AN

J. Immunol. Methods 166, 263-270, 1993), incubation of NHS

in a buffer containing EGTA and Mg’ on plates coated with

LPS resulted in a dose-dependent deposition of C3 (Fig 0).

bt

Some activation of C3 was also observed on plates coated

35 with BSA only, most likely due to spontaneous activation of

the AP. Surprisingly, a strong activation of C3 was also
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observed when NHS was incubated on mannan-coated plates by

using the same conditions, suggesting that mannan may also

_

support the activation of the AP. The detection of C3 was

reduced until background levels when EDTA was present in

5 the complement source (not shown). As expected from an AP-

gr—

dependent mechanism, C3 activation in calcium-free buffers

required a serum concentration that is about 10-fold higher

than that required for C3 activation by mannan 1in a

calcium-containing buffer via the LP (compare Fig 6 with

10 Fig 5B). Although C3 activation was clearly detectable in a

ga— and

calcium—-free buffer, no activation of C4 could be

established (Fig 6), suggesting that under these conditions

activation of C3 is independent of MBL binding and C4

activation.

15
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. An 1n vitro method of determining, at physiological
conditions, deficienclies 1n the lectin pathway of the
complement system, said method employing a sample of
mammalian blood, serum or plasma and comprising the steps
of:

(a) adding a Cl complex inhibitor to the sample,
wherein the inhibitor 1s a protein, peptide or
immunoglobulin against Clg, Clr or Cls;

(b) diluting the sample to inhibit activation of the
alternative pathway;

(C) adding a MBL (mannan-binding lectin) or ficolin
binding carbohydrate to activate the lectin pathway in the
sample;

(d) adding a first antibody against the autologous
Cbb-9 complex; and

(e) determining whether the lectin pathway is
activated by measuring a level of the autologous C5b-9
complex, wherein the level of the autologous C5b-9 complex
measured wlill be lower than the level measured in a
corresponding normal body liquid from a mammal if the

lectin pathway is deficient.

2. The method according to claim 1, wherein the Cl
complex inhibitor in step (a) 1s a protein which 1s a Cl

inhibitor, CRT (calreticulin), ClQr (native Clg receptor),

E.coli Clg binding protein, gClgR (globular Clqg receptor),

ghB3 (trimeric recombinant head domains of the Clg B
chain), decorin, chondroitin sulphate proteoglycan, or

surfactant protein A.
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3. The method according to claim 1, wherein the inhibitor

in step (a) 1s a peptide which 1s a human neutrophil

peptide-1, TDGDKAFVDFLSDEIKEE, KDIRCKDD, AEAKAKA,

VOVHNAKTKPR, WY, CEGPFGPRHDLTFCW, LEQGENVFLOQATLL,

CRWDGSWGEVRC, CMWVRMWGDVNC, CFWAGKFGLGTC, CKDRWVVEERCC, or

CWNREFKKMDRC.

4, The method according to claim 1, wherein the inhibitor

in step (a) 1is an immunoglobulin, which 1s a polyclonal or

monoclonal antibody.

ﬁ

5. The method according to any one of claims 1 to 4,

wherein the carbohydrate in step (c¢) 1s mannose, fucose,

mannan, synthetic carbohydrate or microbial polysaccharide.

0 . The method according to any one of claims 1 to 5,

wherein the first antibody in step (d) 1s a polyclonal or a

monoclonal antibody.

7. The method according to claim 6, wherein the step 1n
(d) comprises adding a second antibody against the first

antibody, wherein said second antibody 1s a labeled

antibody.

8. The method according to claim 6, wherein the first

antibody is a labeled antibody.

9. A kit for determining deficiencies in the lectin
pathway of the complement syétem of a mammal according to
the method as defined in any one of claims 1 to 6, wherein
said kit comprises (a) an inert carrier and a MBL (mannan-
binding lectin) or ficolin binding carbohydrate; (b) a

diluent comprising a Cl complex inhibitor, wherein the
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inhibitor is a peptide, protein or an immunoglobulin
against Clq, Clr or Cls, (c) a first antibody against the

autologous C5b-9 complex, and (d) a set of instructions for

using said kit.

10. The kit according to claim 9, wherein the carbohydrate

in (a) 1s mannose, fucose, mannan, synthetic carbohydrate

or microbial polysaccharide.

11. The kit according to any one of claims 9 to 10,
wherein the inhibitor protein in (b) i1s a Cl inhibitor, CRT
(calreticulin), ClQr (native Clqg receptor), E.coli Clg
binding protein, gClgR (globular Clg receptor), ghB3

(trimeric recombinant head domains of the Clg B chain),
decorin, chondroitin sulphate proteoglycan, or a surfactant

protein A.

12. The kit according to any one of claims 9 to 11,
wherein the inhibitor peptide in (b) is human neutrophil
peptide-1, TDGDKAFVDFLSDEIKEE, KDIRCKDD, AEAKAKA,
VQVHNAKTKPR, WY, CEGPFGPRHDLTFCW, LEQGENVFLOATLL,
CRWDGSWGEVRC, CMWVRMWGDVNC, CFWAGKEGLGTC, CKDRWVVEERCC, or
CWNREFKKMDRC.

13. The kit according to any one of claims 9 to 12,
wherein the inhibitor immunoglobulin in (b) 1is a polyclonal

or monoclonal antibody.

14. The kit according to any one of claims 9 to 13,
wherein the first antibody in (c) 1s a polyclonal or

monoclonal antibody.
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p—

15. The kit according to any one of claims 9 to 14,

wherein the carbohydrate in (a) 1s coated on the 1nert

carrier.

16. The kit according to any one of claims 9 to 15,

wherein the first antibody in (c¢) is a labeled antibody.

17. The kit according to any one of claims 9 to 15,
wherein the kit further comprises a labeled second antibody

(d) against the first antibody 1in (c).

18. The kit according to claim 16 or 17, wherein the label

is a fluorescent or an enzyme label.

19. The kit according to claim 16 or 17, wherein the kit

further comprises an enzyme substrate (e).

20. The kit according to any one of claims 9 to 19,

wherein the kit further comprises a washing solution (f).

21. The kit according to any one of claims 9 to 20,
wherein the kit further comprises a normal body liquid from

a mammal (g), wherein the normal body liquid (g) 1is a human

SeIrulll.

22. The kit according to any one of claims 10 to 21,
wherein the kit further comprises an inactivated normal
body liquid from a mammal (h), wherein the inactivated

normal body liguid (h) is heat inactivated human serum.
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Fig 4.
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