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FACTOR H FOR THE TREATMENT OF 
CHRONIC NEPHROPATHIES AND 

PRODUCTION THEREOF 

0001. The invention relates to the use of Factor H for the 
manufacture of a medicament to treat both chronic nephro 
pathies which are not causally associated with proteinuria and 
chronic nephropathies which are causally associated with 
proteinuria. The invention also relates to large scale purifica 
tion methods for Factor H. 
0002 The complement system comprising more than 40 
different proteins directly or indirectly mediates attack and 
elimination of microbes, foreign particles and altered self 
cells via three different pathways of activation (alternative, 
lectin and classical pathway; Rother K et al. (Eds) The 
Complement System. 2" revised edition, 1998; Springer Ver 
lag). This process is highly restricted in terms of time and 
space and can discriminate between self (host cells) and for 
eign (e.g., microbes). 
0003. Some human diseases are obviously accompanied 
by an activation of these cascade-like activation pathways 
which is reflected by the occurrence of elevated levels of 
typical activation markers comprising the range from early to 
late components of the complement system, including inhibi 
tor-protease complexes. Moreover, the sometimes observed 
cellular damage is taken as indicator of at least a local derail 
ment of the complement system which usually is under tight 
control. From a quantitative point of view, proteolytic cleav 
age of C3 by specific C3 convertases plays a major role for 
complement activation. These convertases generate forms of 
C3b, which represent a potential component of new C3 con 
vertase molecules, thereby stimulating the cascade. 
0004. The protection of self-cells and tissue is mediated by 
specific regulators or inhibitors, existing in the fluid-phase 
and/or in membrane-bound forms. These regulators include 
complement receptor 1 (CR1 or CD35: binds C3b and C4b, 
disassembles C3 convertases and permits C3b/C4b degrada 
tion by factor 1), decay accelerating factor (DAF or CD55: 
binds C3b and disassembles C3/C5 convertase) and mem 
brane co-factor protein (MCP or CD46: binds C3b and C4b to 
permit their degradation by factor I), which all are exclusively 
membrane-anchored proteins. 
0005. In addition to the membrane-anchored control pro 

teins, the attachment of the soluble complement regulator 
Factor H (single-chain glycoprotein composed of 20 short 
consensus repeats, SCRs. 155 kDa; -9.3% carbohydrate) to 
the polyanionic Surface of self cells represents a potent com 
ponent for protection of the cell Surface by increasing the 
inhibitory potential (Józsi Metal. Histol Histopathol 2004: 
19:251-8). This protection is mainly achieved by efficiently 
reducing the lifetime of the alternative C3 convertase 
(C3bBb) by both binding to the covalently bound C3b and 
displacing Bb (decay acceleration), and catalysing the per 
manent inactivation of C3b via proteolytic cleavage by the 
serine proteinase Factor I (co-factor activity: generation of 
e.g., iC3b, C3c; Rother K et al. (2" revised edition) The 
Complement System. 1998, Springer Verlag; p. 28, 34-7). 
The activity of Factor H as co-factor for the protease factor I 
in the outer phase of the surface layer (approx. 20-140 nm) is 
facilitated by binding of Factor H to surface-located pro 
teoglycans by means of the C-terminal SCR (Józsi Met al.: 
Histol Histopathol 2004; 19:251-8). The protective potential 
of Factor H limits locally the progression of the complement 
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cascade. This is of particular importance for cells which 
express a low number of the above mentioned membrane 
anchored regulators, or for tissues which completely lack 
those endogenous control proteins. Such as the kidney glom 
erular basement membrane (Hogasen K et al.; J. Clin Invest 
1995; 95:1054-61). 
0006 Patent EP 0 222611 B1 comprises the use of Factor 
H in immune complex related diseases in which Factor H is 
only temporarily decreased, to down-regulate complement 
activation, “Factor Hand/or Factor I for use in the treatment 
of a vascular autoimmune disease', 'Factor Hand/or Factor I 
for use in the treatment of systemic lupus erythematosus, 
rheumatoid arthritis or glomerulonephritis', and “A process 
for preparing a pharmaceutical composition for use in the 
treatment of a vascular autoimmune disease comprising mix 
ing Factor Hand/or Factor I with a pharmaceutically accept 
able carrier, diluent or adjuvant'. However, the scope of this 
patent is unequivocally related to glomerulonephritis as an 
Immune complex (IC)-mediated nephropathy with glomeru 
lar deposition/formation of ICs generated outside or inside 
the kidney (e.g., Goodpasture-syndrom). In EP 0 222 611 B1 
no teaching is comprised on the treatment of antibody-inde 
pendent chronic nephropathies like, e.g., tubulointerstitial 
fibrosis (TIF), which specifies the formation of fibrous tissue 
within the space between the tubuli (interstitium). 
0007. One embodiment of the invention is the use of Fac 
tor H for the manufacture of a medicament to treat antibody 
independent chronic nephropathies, which are not causally 
linked to proteinuria. 
0008. A missing or significantly reduced function of Fac 
tor H, either due to missing or reduced protein levels of the 
functionally active molecule or due to respective gene muta 
tion(s) in molecular regions which are important to mediate 
this function by binding of relevant ligands, has been dem 
onstrated in diseases which finally harm kidney function like 
the atypical hemolytic uremic syndrome (aHUS) or the mem 
branoproliferative glomerulonephritis type II (MPGN II). 
Since the glomerular membrane lacks endogenous regula 
tors, continuous cleavage of C3 occurs at this site, resulting in 
deposition of complementactivation products, presumably in 
formation of a C3 convertase-mediated damage of the glom 
erular basement membranes and of epithelial tubulus and 
endothelial cells, membrane thickening via deposition of 
extracellular matrix and/or components of the complement 
system (e.g., C3 split products) and of antibodies, and, con 
sequently, in defective filtration (proteinuria). 
0009 MPGN II, also termed “dense deposit disease', is a 
rare disease which is characterized by complement contain 
ing dense deposits within the basement membrane of the 
glomerular capillary wall and followed by capillary wall 
thickening, mesangial cell proliferation and glomerular fibro 
sis (Ault B H; Pediatr Nephrol 2000; 14:1045-53). 
(0010 Besides MPGN II, there are two more subtypes 
called MPGN I and MPGN III. All three subtypes are char 
acterized by mesangial cell proliferation and increase in 
mesangial matrix combined with a thickening of the glom 
erular capillary walls (MPGN I: interposition of mesangial 
cells and matrix between basement membrane and endothe 
lial cells resulting in the formation of a double structure: 
subendothelial electron dense deposits. MPGN III: Subendot 
helial and subepithelial electron dense deposits). Deposits in 
all Subtypes contain C3 and other complement factors. In 
some patients combination of MPGN with extrarenal mani 
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festations like lipodystrophy and retina alterations can be 
found (Levy Yet al.: Immunol Res 1998; 18:55-60). 
0011 MPGN mainly affects children and adults (median 
age at onset of disease: about 10 years). 50% of the patients 
present with nephrotic syndrome, the others with mild pro 
teinuria, 20% with macrohematuria. 30% of the patients 
develop hypertension with onset of disease. Children with 
MPGN have an unfavourable late prognosis and develop end 
stage renal disease (ESRD) after about 8-16 years (MPGNI: 
15.3 years; MPGNII: 8.7 years; MPGN III: 15.9 years; Schw 
ertz Ret al. Acta Paediatr 1996: 85:308-12). 
0012 Recent findings (Klein RJ et al. Science 2005 Mar. 
10; 10.1126/science. 1109557: Haines J Let al. Science 2005 
Mar. 10; 10.1126/science. 1110359) indicate an association of 
an increased risk of age-related macular degeneration (AMD) 
and a Factor H variant (tyrosine-histidine change at amino 
acid 402 in the short consensus repeat number 7, SCR7). 
However, the causal relationship between a missing Factor H 
function (SCR7 contains binding sites for heparin, C-reactive 
protein and M-protein) and AMD has not yet been proven. 
0013 A possible therapy of Factor H associated aHUS 
and MPGN II-patients is the administration of fresh frozen 
plasma, based on a weight-related treatment schedule (10-40 
mL per kg of body weight biweekly). In this therapy the 
missing functional Factor H is restored to normal plasma 
levels. However, in cases where Factor H-protein is not 
reduced but is mutant such that it still binds to cellular mem 
branes but has lost its ability of decay acceleration and/or 
co-factor activity to downregulate the complement system, 
mutant Factor H is competitively blocking the linkage of 
therapeutically added doses of normal Factor H to the mem 
brane. Therefore, it is insufficient to restore physiological 
levels of functional Factor H on a molar bases, but doses 
raising the levels of Factor Habove normal need to be admin 
istered in order to replace dysfunctional Factor H from the 
membrane. 

0014 Factor H mutations can be divided as follows: (1) 
mutations which cause a block of Factor H secretion, e.g. 
from liver cells, resulting in the complete absence of Factor H 
in plasma, (2) mutations which result in a defect of Factor H 
function (a) in the regulatory domain of the protein (SCRs 
14), (b) in the recognition domain of the protein (SCRs 
19-20), or (c) in different parts of the protein affecting other 
functions e.g. heparin binding. While mutations in the recog 
nition domain (2b) prevent Factor H protein from binding to 
Surfaces, mutations in the regulatory domain (2a) results in a 
functionally defective Factor H but renders the protein 
capable to bind to surfaces. 
0015 Supplementation of Factor H via FFP infusion 
needs to achieve normal range plasma levels only in case (1) 
( missing plasma Factor H) and (2b) (mutations affecting 
Factor H binding). Supra-normal plasma Factor H levels, 
however, are required in cases (2a) and (2c) (mutations 
affecting Factor H function while Factor H binding is unaf 
fected) since endogenous inactive Factor H molecules com 
pete with infused active Factor H molecules for surface bind 
ing sites. 
0016 One aspect of the current invention is therefore to 

treat antibody independent chronic nephropathies like aFIUS 
or MPGN II with doses of functional Factor H which lead to 
Supraphysiological plasma concentrations of the newly added 
Factor H as compared to natural concentrations of Factor H. 
Preferentially, the concentration of Factor H is increased by 
more than 10% above the treated patients’ normal plasma 
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levels. More preferentially, the concentration of Factor H is 
increased by more than 50%, even more preferentially by 
more than 100% or even more preferentially by more than 
200% and most preferentially by more than 300% of the 
treated patients’ normal plasma levels 
0017. Another embodiment of the invention is the use of 
Factor H for the manufacture of a medicament to treat anti 
body independent chronic nephropathies, which are causally 
linked to proteinuria. 
0018 Prospective, randomized clinical trials have indi 
cated that insufficient glomerular filtration of proteins is 
linked to proteinuria and is a major risk for the onset and 
progression of both interstitial fibrosis and progressive renal 
failure (Jerums Get al. Kidney Int Suppl 1997; 63:87-92). 
Little is known about the mechanisms responsible for the 
spread of tissue injury from the glomerular to the tubular 
compartment in diseases and how interstitial fibrosis is 
induced has not been addressed. 
0019 Activation of complement via the alternative path 
way has been shown to be involved at the site of proximal 
tubular epithelial cells (reviewed in Tang S et al. Kidney 
Blood Press Res. 2002; 25:120-6), a mechanism known to be 
essentially antibody-independent. 
0020. Another more recent publication substantiates the 
antibody independent activation of the alternative pathway of 
complement as concomitant of acute tubular necrosis (Thur 
man J Metal. Kidney Int2005; 67:524-30). 
0021. It has been demonstrated that protein overload in the 
absence of antibody deposition is associated with the activa 
tion of complement components on the apical membrane of 
proximal tubules. The proposed mechanism involved aug 
mented intrarenal levels of ammonia (ammoniagenesis), a 
nucleophile which can activate C3, including the terminal 
complement cascade (reviewed in: I-Hong Hsu S, Couser W 
G. JAm Soc Nephrol 2003; 14:186-91). Various natural and 
artificial complement inhibitors, like soluble complement 
receptor 1, CR1, decay accelerating factor, DAF, and other 
molecules are discussed as potential therapeutic targets for 
pharmacologic intervention (see same review). However, the 
use of Factor H is not mentioned. 
0022. Thus the use of Factor H as a therapeutic for the 
protection of cellular membranes lacking endogenous mem 
brane-anchored regulators is new and has not yet been inves 
tigated in in-vitro or in-vitro models. In general, patients with 
antibody independent chronic nephropathies which are caus 
ally associated with proteinuria, who benefit from Factor H 
have normal Factor H levels. The therapeutic effect is prefer 
entially achieved by increasing the Factor H concentration to 
Supraphysiological levels. The reason why this specific aspect 
has not been investigated so far may be due to the function of 
Factor H as a protease-associated co-factor, which is not 
consumed like a substrate. 
0023. One embodiment of the present invention is provid 
ing Factor H for the treatment of chronic nephropathies, 
which are causally associated with proteinuria, the generation 
of which is independent from antibody-mediated IC forma 
tion. Proteinuria can be primarily caused by alterations of 
structural proteins involved in the cellular mechanism of fil 
tration. However, the Subsequent presence of plasma proteins 
is thought to promote complement-mediated, IC-independent 
cellular damage which apparently happens in the absence of 
endogenous membrane regulators (e.g., CR1, DAF) despite 
normal levels of Factor H. The pathophysiological causes of 
proteinuria can be divided in the following major groups: (1) 
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genetically determined disturbances of the structures which 
form the “glomerular filtration unit like the glomerular base 
ment membrane, the podocytes, or the slit diaphragm, (2) 
inflammatory processes, either directly caused by autoim 
mune processes or indirectly induced by microbes, (3) dam 
age of the glomeruli caused by agents, or (4) as the final result 
of progressive tubulointerstitial injury finally resulting in the 
loss of function of the entire nephron. More specifically this 
invention relates to the use of Factor H to treat TIF on the level 
of the tubular epithelial cells where proteinuria induces the 
cascade of events (inflammation and fibrosis) which finally 
results in TIF. Doses of Factor H which lead to supraphysi 
ological plasma concentrations of the newly added Factor H 
as compared to natural concentrations of Factor H are pre 
ferred embodiments of the present invention. Preferentially 
the concentration of Factor H is increased by more than 10% 
above the patients individual normal plasma levels. More 
preferentially the concentration of Factor H is increased by 
more than 50%, even more preferentially by more than 100% 
or even more preferentially by more than 200% and most 
preferentially by more than 300% of the patients individual 
normal plasma levels. 
0024. Factor H can be obtained from human plasma or 
serum or recombinantly. "Factor H' as used in the present 
invention comprises proteins that have the amino acid 
sequence of native human Factor H. It also comprises proteins 
with a slightly modified amino acid sequence, for instance, a 
modified N-terminal end including N-terminal amino acid 
deletions or additions so long as those proteins substantially 
retain the activity of Factor H. “Factor H within the above 
definition also comprises natural allelic variations that may 
exist and occur from one individual to another. "Factor H' 
within the above definition further comprises of Factor H. 
Such variants differ in one or more amino acid residues from 
the wild type sequence. Examples of Such differences may 
include truncation of the N- and/or C-terminus by one or more 
amino acid residues (e.g. 1 to 10 amino acid residues), or 
addition of one or more extra residues at the N- and/or C-ter 
minus, e.g. addition of a methionine residue at the N-termi 
nus, as well as conservative amino acid Substitutions, i.e. 
Substitutions performed within groups of amino acids with 
similar characteristics, e.g. (1) Small amino acids, (2) acidic 
amino acids, (3) polar amino acids, (4) basic amino acids, (5) 
hydrophobic amino acids, (6) aromatic amino acids. 
Examples of such conservative substitutions are shown in the 
following table. 

(1) Alanine Glycine 
(2) Aspartic acid Glutamic acid 
(3a) Asparagine Glutamine 
(3b) Serine Threonine 
(4) Arginine Histidine Lysine 
(5) Isoleucine Leucine Methionine Valine 
(6) Phenylalanine Tyrosine Tryptophane 

0.025 "Functional Factor Has used in this invention com 
prises Factor H molecules displaying activity either in Solu 
tion and/or on cellular surfaces like decay acceleration of 
alternative C3 convertase and/or co-factor activity, catalyzing 
the permanent proteolysis of C3b by Factor I. 
0026. The term “recombinant’ means, for example, that 
the variant has been produced in a host organism by genetic 
engineering techniques. 
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The host cells of the invention may be employed in a method 
of producing human Factor H. The method comprises: 
a) culturing host cells of the invention under conditions such 
that human Factor H is expressed; and 
b) optionally recovering human Factor H from the host cells 
or from the culture medium. 
0027 Degree and location of glycosylation or other post 
translation modifications may vary depending on the chosen 
host cells and the nature of the host cellular environment. 
When referring to specific amino acid sequences, posttrans 
lational modifications of such sequences are encompassed in 
this application. 
0028. The production of recombinant proteins at high lev 
els in suitable host cells, requires the assembly of the above 
mentioned modified cDNAs into efficient transcriptional 
units together with Suitable regulatory elements in a recom 
binant expression vector, that can be propagated in various 
expression systems according to methods known to those 
skilled in the art. Efficient transcriptional regulatory elements 
could be derived from viruses having animal cells as their 
natural hosts or from the chromosomal DNA of animal cells. 
Preferably, promoter-enhancer combinations derived from 
the Simian Virus 40, adenovirus, BK polyoma virus, human 
cytomegalovirus, or the long terminal repeat of Rous sarcoma 
virus, or promoter-enhancer combinations including strongly 
constitutively transcribed genes in animal cells like beta-actin 
or GRP78 can be used. In order to achieve stable high levels 
of mRNA transcribed from the cDNAs, the transcriptional 
unit should contain in its 3'-proximal part a DNA region 
encoding a transcriptional termination-polyadenylation 
sequence. Preferably, this sequence is derived from the Sim 
ian Virus 40 early transcriptional region, the rabbit beta 
globin gene, or the human tissue plasminogen activator gene. 
0029. The cDNAs are then integrated into the genome of a 
suitable host cell line for expression of the Factor H. Prefer 
ably this cell line should be an animal cell-line of vertebrate 
origin in order to ensure correct folding, Gla-domain synthe 
sis, disulfide bond formation, asparagine-linked glycosyla 
tion, O-linked glycosylation, and other post-translational 
modifications as well as secretion into the cultivation 
medium. Examples of other post-translational modifications 
are hydroxylation and proteolytic processing of the nascent 
polypeptide chain. Examples of cell lines that can be used are 
monkey COS-cells, mouse L-cells, mouse C 127-cells, ham 
ster BHK-21 cells, human embryonic kidney 293 cells, and 
preferentially hamster CHO-cells. Due to its complex post 
translational modifications recombinant Factor H is prefer 
ably expressed in human cell lines. 
0030 The recombinant expression vector encoding the 
corresponding cDNAS can be introduced into an animal cell 
line in several different ways. For instance, recombinant 
expression vectors can be created from vectors based on 
different animal viruses. Examples of these are vectors based 
on baculovirus, vaccinia virus, adenovirus, and preferably 
bovine papilloma virus. 
0031. The transcription units encoding the corresponding 
DNAs can also be introduced into animal cells together with 
another recombinant gene which may function as a dominant 
selectable marker in these cells in order to facilitate the iso 
lation of specific cell clones which have integrated the recom 
binant DNA into their genome. Examples of this type of 
dominant selectable marker genes are Tn5 amino glycoside 
phosphotransferase, conferring resistance to geneticin 
(G418), hygromycin phosphotransferase, conferring resis 
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tance to hygromycin, and puromycin acetyltransferase, con 
ferring resistance to puromycin. The recombinant expression 
vector encoding Such a selectable marker can reside either on 
the same vector as the one encoding the cDNA of the desired 
protein, or it can be encoded on a separate vector which is 
simultaneously introduced and integrated into the genome of 
the host cell, frequently resulting in a tight physical linkage 
between the different transcription units. 
0032. Other types of selectable marker genes, which can 
be used together with the cDNA of the desired protein, are 
based on various transcription units encoding dihydrofolate 
reductase (dhfr). After introduction of this type of gene into 
cells lacking endogenous dhfr-activity, preferentially CHO 
cells (DUKX-B11, DG-44) it will enable these to grow in 
media lacking nucleosides. An example of Such a medium is 
Ham's F12 without hypoxanthine, thymidin, and glycine. 
These dhfr-genes can be introduced together with the coagu 
lation factor cDNA transcriptional units into CHO-cells of the 
above type, either linked on the same vector or on different 
vectors, thus creating dhfr-positive cell lines producing 
recombinant protein. 
0033. If the above cell lines are grown in the presence of 
the cytotoxic dhfr-inhibitor methotrexate, new cell lines resis 
tant to methotrexate will emerge. These cell lines may pro 
duce recombinant protein at an increased rate due to the 
amplified number of linked dhfr and the desired protein's 
transcriptional units. When propagating these cell lines in 
increasing concentrations of methotrexate (1-10000 nM), 
new cell lines can be obtained which produce the desired 
protein at very high rate. 
0034. The above cell lines producing the desired protein 
can be grown on a large scale, either in Suspension culture or 
on various solid Supports. Examples of these Supports are 
micro carriers based on dextran or collagen matrices, or Solid 
supports in the form of hollow fibres or various ceramic 
materials. When grown in cell Suspension culture or on micro 
carriers the culture of the above cell lines can be performed 
either as a bath culture or as a perfusion culture with continu 
ous production of conditioned medium overextended periods 
of time. Thus, according to the present invention, the above 
cell lines are well suited for the development of an industrial 
process for the production of the desired recombinant pro 
teins 

0035. The recombinant protein, which accumulates in the 
medium of secreting cells of the above types, can be concen 
trated and purified by a variety of biochemical and chromato 
graphic methods, including methods utilizing differences in 
size, charge, hydrophobicity, Solubility, specific affinity, etc. 
between the desired protein and other substances in the cell 
cultivation medium. 
0036 An example of such purification is the adsorption of 
the recombinant protein to a monoclonal antibody, which is 
immobilised on a solid Support. After desorption, the protein 
can be further purified by a variety of chromatographic tech 
niques based on the above properties. 
0037. It is preferred to purify Factor H of the present 
invention to 260% purity, more preferably 280% purity, and 
particularly preferred is a pharmaceutically pure state that is 
greater than 95% pure with respect to contaminating macro 
molecules, particularly other proteins and nucleic acids, and 
free of infectious and pyrogenic agents. 
0038 All of the potential purification procedures cited in 
EPO 222 611 B1 are typical laboratory methodologies exclu 
sively developed for purification of a single protein from 
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human plasma or serum, disregarding the technology estab 
lished in praxis by industry which is usually based on multi 
component-use with a focus on albumin, immunoglobulins 
and clotting factors. Industrial scale-procedures adapted to 
already established routine process routes are not yet existing. 
0039. Therefore, another objective of the present inven 
tion is to provide a production procedure for a plasma-derived 
version of human Factor H for therapeutic use suitable for 
large scale. Large scale with regard to the present invention 
means a production procedure based on at least 2001 plasma, 
preferentially at least 500 1, even more preferentially at least 
2000 l human plasma. Regarding production, the claimed 
processes starting from human plasma shall be based on the 
subfractionation of typical industrial intermediates obtained 
by, e.g., the fractional precipitation by ethanol in the cold 
(reviewed in Schultze HE, Heremans JF: Molecular Biology 
of Human Proteins. Volume I: Nature and Metabolism of 
Extracellular Proteins 1966, Elsevier Publishing Company; 
p. 236-317). A preferred embodiment of such purification is 
the purification of functional Factor H from side fractions of 
industrial scale plasma fractionation in Such a way that estab 
lished and licensed manufacturing processes of plasma prod 
ucts, which are under control of pharmaceutical regulatory 
authorities, like antithrombin (AT) or immunoglobulins are 
not affected. The supernatant of the 8% ethanol-precipitate 
(method of Cohn et al.; previous citation, p. 251) is one 
example of a source of Factor H, originating from industrial 
scale plasma fractionation. AT together with Factor H can be 
adsorbed from this supernatant by Heparin-based affinity 
chromatography and Factor H can be purified fractions of 
elution which do not contain AT. Precipitate III (method of 
Oncley et al.; previous citation, p. 253) or precipitate B 
(method of Kistler and Nitschmann; previous citation, p. 253) 
are other examples of such industrial sources for Factor H in 
case adsorption of AT is not routinely carried out. Starting 
from those side fractions, purification procedures known in 
the art can be used to purify Factor H. They may be based on 
precipitation with polyethylene glycol (Nagasawa S, Stroud 
RM: Mol Immunol 1980; 17:1365-72), affinity chromatog 
raphy via immobilized heparin (citation as before), ion 
exchange chromatography (Crossley L. G. Porter RR: Bio 
chem J 1980; 191: 173-82) and hydrophobic interaction chro 
matography (Ripoche J. Al Salihi A. Rousseaux J. Fontaine 
M; Biochem J 1984; 221, 89-96). 
0040 Factor Has described in this invention can be for 
mulated into pharmaceutical preparations for therapeutic use. 
The purified protein may be dissolved in conventional physi 
ologically compatible aqueous buffer solutions to which 
there may be added, optionally, pharmaceutical excipients to 
provide pharmaceutical preparations. 
0041. Such pharmaceutical carriers and excipients as well 
as Suitable pharmaceutical formulations are well known in the 
art (see for example “Pharmaceutical Formulation Develop 
ment of Peptides and Proteins’. Frokjaer et al., Taylor & 
Francis (2000) or “Handbook of Pharmaceutical Excipients', 
3' edition, Kibbe et al., Pharmaceutical Press (2000)). In 
particular, the pharmaceutical composition comprising the 
polypeptide variant of the invention may be formulated in 
lyophilized or stable soluble form. The polypeptide variant 
may be lyophilized by a variety of procedures known in the 
art. Lyophilized formulations are reconstituted prior to use by 
the addition of one or more pharmaceutically acceptable dilu 
ents such as sterile water for injection or sterile physiological 
saline Solution. 
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0042. Formulations of the composition are delivered to the 
individual by any pharmaceutically Suitable means of admin 
istration. Various delivery systems are known and can be used 
to administer the composition by any convenient route. Pref 
erentially the compositions of the invention are administered 
systemically. For systemic use, Factor H of the invention is 
formulated for parenteral (e.g. intravenous, Subcutaneous, 
intramuscular, intraperitoneal, intracerebral, intrapulmonar, 
intranasal or transdermal) or enteral (e.g., oral, vaginal or 
rectal) delivery according to conventional methods. The most 
preferential routes of administration are intravenous and Sub 
cutaneous administration. The formulations can be adminis 
tered continuously by infusion or by bolus injection. Some 
formulations encompass slow release systems. 
0043. The Factor H of the present invention is adminis 
tered to patients in a therapeutically effective dose, meaning 
a dose that is sufficient to produce the desired effects, pre 
venting or lessening the severity or spread of the condition or 
indication being treated without reaching a dose which pro 
duces intolerable adverse side effects. The exact dose 
depends on many factors as e.g. the indication, formulation, 
mode of administration and has to be determined in preclini 
cal and clinical trials for each respective indication. 
0044) The pharmaceutical composition of the invention 
may be administered alone or in conjunction with other thera 
peutic agents. These agents may be incorporated as part of the 
same pharmaceutical. 

Experimental Confirmation of Mode of Factor HAction 
0045 COL4C3 knock out mice, mimicking Alport syn 
drome (AS), express a defect 03 chain of collagen 4 causing 
a defect of the glomerular basement membrane. This results 
in glomerular proteinuria and progressive tubulointerstitial 
fibrosis beginning 4.5 weeks postpartum, and causes renal 
failure and death after approximately 10 weeks. According to 
the “Brenner hypothesis' Brenneret al.; NEnglJ Med 1982: 
307: 652-9 intraluminal protein is reabsorbed by tubular 
epithelial cells which become thereby activated. Activated 
epithelial cells induce (1) inflammatory or (2) profibrotic 
second messenger pathways, or (3) undergo "epithelial-mes 
enchymal transition' (EMT) by themselves. 
0046. As mentioned above, Factor H is the key plasma/ 
humoral regulator of the activated complement system. Fac 
tor H deficiency is known to cause renal diseases like aFIUS or 
MPGN II. While Factor H deficiency induces/causes comple 
ment activation at the level of the endothelial cell surface or 
within the glomerular basement membrane, the Supplemen 
tation of Factor H, which can at least in part pass the glom 
erular filter, will be able to decrease complement activation at 
the level of tubular epithelial cells and will thereby serve as 
therapeutic option for chronic/progressive renal disease 
caused by glomerular proteinuria. 
0047. The effect of Factor H administration can be tested 
by treating COL4C3 knockout mice with Supraphysiological 
levels of Factor H purified from mouse serum, starting 4.5 
weeks postpartum (earliest time point possible after weaning 
of the mice). Factor His applied s.c., i.p. ori.m. Results in the 
treated group are compared to vehicle (NaCl 0.9%) treated 
controls. Mice are treated until they die (group 1), or are 
sacrificed after 7.5 and 9.5 weeks (group 2). Animals of group 
2 are anesthetized, urine and blood samples are collected, 
kidneys are rapidly harvested, one kidney is formaldehyde 
fixed and used for immunohistology, and from the other kid 
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ney cortex is isolated for RNA extraction and subsequent real 
time reverse transcriptase PCR (RT-PCR) analysis. 
0048. The results show that in a mouse model of chronic 
glomerular proteinuria (1) chronic treatment with Factor H 
mitigates complement activation on the level of tubular epi 
thelial cells, (2) reduces activation of inflammatory and profi 
brotic secondary pathways launched by tubular epithelial 
cells, (3) reduces degree of tubulointerstitial fibrosis, and (4) 
increases life span of COL4C3 knock out mice. 
0049. These results strongly support the use of Factor H 
for the treatment of chronic proteinuria, which is the final 
common key feature of chronic renal disease in general. 
0050. As already outlined proteinuria is not only indicat 
ing an acute or chronic defect of the function of the glomeru 
lar filter (e.g. nephritic or nephrotic syndrome) but also pro 
motes progression of chronic renal disease via the induction 
of inflammatory and profibrotic processes in the tubular inter 
Stitium. Without exaggeration proteinuria can be seen as the 
final common pathway of chronic renal disease (CRD), and 
reduction of proteinuria or of the effects which are induced by 
proteinuria might proof of the key for efficient treatment of 
chronic renal disease. 
0051 Based on the concept that activation of the comple 
ment system on the apical surface of tubular epithelial cells is 
one of the major mediators in the pathogenic cascade of 
events in proteinuria caused CRD, treatment via Factor H 
(e.g. infusion of up to 80 ml FFP/kg body weight/treatment or 
i.V. or s.c. or i.m. administration of the Factor H equivalent of 
80 ml FFP/kg body weight) is increasing plasma Factor H 
above physiological level (e.g. twofold) and is resulting in (a) 
the availability of Factor H on the apical surfaces of tubular 
epithelial cells which is then (b) decreasing activation of the 
complement system at this side. 
0052. In patients in whom disease is caused by a mutation 
of the Factor H gene which results in the expression of a 
protein with intact cell binding characteristics while being 
functionally defect (e.g. MPGN II based on a mutation of 
SCR4 of Factor H. Lichtetal, Kidney Int2006) treatment via 
FFP (e.g. infusion of up to 80-120 ml FFP/kg/treatment ori.V. 
or s.c. or i.m. administration of the Factor H equivalent of 
80-120 ml FFP/kg body weight) aiming at raising plasma 
Factor H levels up to two- or threefold is resulting in com 
petitive binding of intact Factor H molecules to cell surfaces 
and Subsequent reduction of complement activation. 
0053. Therapeutic success is indicated by (a) reduction in 
complement activation (increased C3, decreased C3b), (b) 
reduction (or at least prevention of further increase) of hema 
turia and proteinuria, and (c) stabilization possibly 
improvement—of renal function. 

1.-13. (canceled) 
14. A method of treating antibody-independent chronic 

nephropathy not causally associated with proteinuria in a 
patient in need thereof, the method comprising administering 
an effective amount of Factor H to the patient. 

15. The method of claim 14, wherein treatment results in 
Supraphysiological levels of Factor H in the patient's plasma. 

16. The method of claim 14, wherein the patient has a 
Factor H defect. 

17. The method of claim 16, wherein plasma levels of 
Factor H at least 10% above the level of the patient’s endog 
enous defective Factor Hare achieved. 

18. The method of claim 16, wherein the Factor H defect is 
a mutation resulting in the absence of Factor H from the 
patient's plasma. 
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19. The method of claim 16, wherein the Factor H defect is 
a mutation in the regulatory domain of Factor H. 

20. The method of claim 19, wherein the Factor H is 
capable of binding to membranes. 

21. The method of claim 16, wherein the Factor H defect is 
a mutation in the recognition domain of Factor H. 

22. The method of claim 14, wherein the patient is a human 
and has a normal human Factor H concentration. 

23. The method of claim 22, wherein plasma levels of 
Factor H at least 10% above the level of the patient’s endog 
enous defective Factor Hare achieved. 

24. The method of claim 14, wherein the patient suffers 
from atypical hemolytic uremic syndrome (aHUS) and/or 
membranoproliferative glomerulonephritis type II (MPGN 
II). 

25. The method of claim 24, wherein the patient suffers 
from tubulointerstitial fibrosis (TIF) and/or progressive renal 
failure. 

26. The method of claim 14, wherein the Factor H is a 
recombinant Factor H. 
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27. A process for purifying Factor H comprising: 
obtaining a sample of human plasma, 
contacting the human plasma sample with ethanol, cooling 

the sample, and fractionally precipitating the sample, 
adsorbing the Supernatant of the fractional precipitation on 

a heparin affinity chromatography column, and 
eluting Factor H from the column separately from anti 

thrombin adsorbed on the column. 
28. The process of claim 27 wherein the sample of human 

plasma is at least 200 liters. 
29. The process of claim 28, wherein the sample of human 

plasma is at least 500 liters. 
30. The process of claim 29, wherein the sample of human 

plasma is at least 2000 liters. 
31. The process of claim 26, wherein the Factor H product 

is at least 60% pure with respect to contaminating proteins 
and nucleic acid molecules. 

32. The process of claim 26, wherein the Factor H product 
is free from infectious agents. 
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