










Figure 4. CFHR5-associated disease mutants aggravate complement activation on surfaces. (A) Immobilized CFHR2-CFHR5Hyb,
CFHR5Dup, CFHR2-CFHR5Var, CFHR5, CFHR2 or BSA were used to anchor properdin, then C3b, factor B and factor D were added and
C3 convertase formation was evaluated by determining attached Bb fragments (filled columns). In the presence of properdin, disease-
associated mutant proteins enhanced Bb generation (columns 1 and 3). In the absence of properdin (open columns), the two disease-
associated CFHR5 mutant proteins had a minor effect on Bb formation (columns 2 and 4). (B) C3 convertase-mediated C3b opsonization
was measured after adding C3 as the substrate. Matrices consisting of one disease-associated protein together with properdin aggravate
C3b deposition (columns 1 and 3). Results represented mean6SEM, n=3. (C) C3b opsonization of untreated CHO cells challenged with
NHS (left panel) is shown. When CFHR2-CFHR5Hyb was attached to the CHO surface, C3b deposition was enhanced (middle panel).
(D) When CHO cells were challenged with properdin-depleted human serum (HSDp), C3b surface deposition was reduced (left panel, gray
line versus NHS [dotted]). In this case, CFHR2-CFHR5Hyb (middle panel) had no enhancing effect. (E) Untreated CHO cells, when challenged
with properdin reconstituted serum (HSDp+P), had more C3b deposited onto their surface (left panel, gray line versus HSDp [dotted]).
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kidney. Reactivity was found in the mesangial region also in
the glomerular basement membrane (Figure 5A). In the ex-
planted transplant, prominent staining of the mesangial re-
gion was revealed for CFHR5 (Figure 5B). Thus, it strongly
demonstrates CFHR2-CFHR5Hyb deposition in the glomeru-
lar mesangia. No reactivity to mAb-CFHR5 was detected in
kidney biopsies prepared from nonneoplastic renal paren-
chyma from tumor-nephrectomies (Supplemental Figure 6B).
Similarly properdin was detected mainly in the mesangial re-
gion when cryopreserved material from the explanted kidney
was used (Figure 5C), and not in a control kidney (Supplemental
Figure 6B, bottom panel). These data show CFHR2-CFHR5Hyb
and properdin deposition in the mesangial region of diseased
glomeruli. Furthermore, C3c and C5b-9 deposition occurred of
the explanted kidney (Figure 5, D and E) confirming local C3-
and C5-convertase activity and formation of the terminal path-
way complexes. Taken together, CFHR2-CFHR5Hyb and properdin
reactivity together with positive C3b and C5b-9 staining in the
explanted kidney of patient #638 reveals a role of CFHR2-
CFHR5Hyb in disease pathology that shows enhanced properdin
deposition in the diseased kidney as well as local complement
activation in vivo. This strong complement activation in the kid-
ney biopsies and in the explanted transplant can explain the fact
that deposition of the hybrid protein and interaction with pro-
perdin can cause glomerular damage that leads to loss of renal
function and ESRD.

Binding of the disease-associated CFHR5 mutant proteins,
i.e., CFHR2-CFHR5Hyb and CFHR5Dup, to mesangial cells was
evaluated in vitro using murine mesangial cells (MMCs) stim-
ulated with recombinant human TNF-a for 24 hours. Both
CFHR2-CFHR5Hyb and CFHR5Dup bound with about 2 fold
higher intensity to the stimulated cells, as compared with un-
treatedMMCs (Figure 5F, Supplemental Figure 7C). In addition
CFHR5 bound to stimulated and to nonstimulated MMCs, but
CFHR2-CFHR5Hyb and CFHR5Dup bound with almost 80%
higher intensity. NHS challenge of TNF-a–stimulated MMCs
resulted in prominent C3b- as well as C5b-9 deposition. For
TNF-a–stimulated MMCs loaded with CFHR2-CFHR5Hyb or
CFHR5Dup NHS treatment increased surface complement acti-
vation about 2 fold. In this case more C3b, as well as C5b-9, was
deposited onto the cell surface, as compared to cells with at-
tached CFHR5. This in vitro complement surface activation is
in good agreementwith the enhancedC3b andC5b-9 deposition
observed in the kidney of patient #638.

DISCUSSION

CNVs in the human CFHR gene locus have been linked to
C3G, as well as to other human disorders. CFHR proteins

represent emerging complement inhibitors, however the exact
role of each CFHR protein in the complement cascade needs
to be defined. CFHR1, CFHR2 and CFHR3 inhibit comple-
ment action at the level of C3 convertase and C5 convertase,
and they also block C5b-9 formation.30–32 Here, we identify
CFHR5 as a new pattern recognition protein, which attaches
to necrotic human endothelial cells. Surface-bound CFHR5
anchors properdin and thereby enhances local complement
activation.

CFHR5 is expressed in plasma at levels of ca. 3–10 mg/ml.
CFHR5 deposition increased in the damaged kidney,4 was lo-
calized in glomeruli of C3G patients and was a prominent
component in glomerular deposits.4,33 Based on these aspects
we proposed a regulatory role of this protein at surfaces. Here
we show that CFHR5 binds to nonhuman CHO cells, to ne-
crotic human endothelial cells and to TNF-a–stimulated
MMCs, but not to intact, nondamaged human cells.

CFHR5 has amodular structure. TheN-terminal SCRs, i.e.,
CFHR512, include the dimerization segment.29 Heparin- and
CRP-binding regions have previously been localized within
the middle region i.e., SCR4567,34 and may also be contained
in the C-terminal region, i.e., CFHR589. We show here for the
first time that the N-terminal dimerization region binds to
properdin. Interaction with properdin seems specific for the
N-terminal region of CFHR5, as the highly related region
CFHR212 does not bind properdin.

Properdin, the only known complement activator, forms
dimers, trimers and tetramers.26,35 Similarly CFHR5 also
forms higher-ordered oligomeric complexes in plasma that
are composed of three to six units. Thus, CFHR5::properdin
oligomers have a rather complex stoichiometry. The strength
of the CFHR5::properdin complex is highly influenced by the
multimeric state of the CFHR5 protein. This was evidenced as
the C3G-associated German and Cypriot CFHR5 mutants,
which both have tandem-arranged N-terminal domains that
bind properdin with high intensity. The duplicated N-terminal
dimerization region is relevant for the interaction, as is the
CFHR212-CFHR512 fragment, which exclusively represents the
two interaction segments of the German hybrid CFHR2-
CFHR5Hyb, for forming large multimers and the complex
exposesmultiple contact sites for properdin. The fact thatmulti-
mer formation is relevant for enhanced properdin recruitment is
highlighted by the engineered variant CFHR2-CFHR5Var. This
variant, with the second interaction segment deleted, bound
to properdin with similar intensity as CFHR5 and with lower
intensity compared with both disease mutants.

Properdin recruitment is essential for CFHR5 disease
mutant-mediated complement deregulation on target surfaces.
CFHR5::properdin as well as CFHR5 disease mutant::pro-
perdin complexes allow C3 convertase assembly, initiating

For cells loaded with CFHR2-CFHR5Hyb C3b opsonization was enhanced (middle panel). In these three settings CFHR5 had no enhancing
effects (C–E, right panels).
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Figure 5. CFHR5 and properdin deposition in the explanted kidney of patient #638 and effect of CFHR5 disease variants on com-
plement activation on the surface of TNF-a–treated mesangial cells in vitro. (A) Deposited CFHR2-CFHR5Hyb and CFHR5 were detected
on basement membrane and in mesangium by immunohistochemistry (4003) with mAb-CFHR5 in kidney biopsy of patient #638
taken in 2000. (B) Deposition of CFHR2-CFHR5Hyb and CFHR5 was detected in mesangium by immunohistochemistry (4003) with
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a role in local complement activation at surfaces. CFHR5
surface interaction is specific for modified self-surfaces or
tissues. CFHR5 did not bind to intact human cells, thus not
allowing inappropriate complement activation on such
intact self-surfaces. This activation on damaged cells may
direct a further immune response of attracting immune
effector cells for clearance.

Both CFHR5 disease variants harbor two copies of the N-
terminal interaction segments. The hybrid protein has the
dimerization region of CFHR2 (CFHR2-SCRs1–2) linked to
that of CFHR5 (CFHR5-SCRs1–2) and the duplicated CFHR5
variant has two tandem copies of the CFHR5 dimerization
segment (i.e., CFHR5-SCRs1–2-SCRs19–29). Apparently
such a duplication of the dimerization segments allows for-
mation of large multimeric protein complexes and these large
protein multimers attach strongly or more efficiently to cellu-
lar surfaces, in particular tomodified cell surfaces. Thereby the
attached proteins recruit higher amounts of properdin, thus
explaining stronger complement activation at the cell surface,
as demonstrated by C3b and C5b-9 surface deposition. Thus
multimer formation enhances properdin recruitment and
oligomeric CFHR5 mutants/complexes substantially ampli-
fied the activating effect and C3b surface deposition.

Deposition of the mutant protein, i.e., CFHR2-CFHR5Hyb
and properdin, was also identified in renal biopsies from the
two German C3G patients. Deposited CFHR2-CFHR5Hyb and
properdin were mainly located in the mesangium and the
similar staining patterns support the in vitro findings that
CFHR2-CFHR5Hyb binds to modified cell surfaces and re-
cruits properdin at sites of damage. This allowed C3b and
C5b-9 deposition in the mesangial region as shown in the bi-
opsy, as well as increased C3b and C5b-9 deposition on the
surface of mesangial cells in vitro. The in vivo evidence dem-
onstrates that CFHR5 mutants assist in glomerular surface
damage and amplify local C3 convertase, and likely also C5
convertase action, which ultimately causes severe kidney
damage and injury. This provides novel insights into surface
dysregulation in C3G pathology and explains why both patients
lost renal function and reached ESRD.

In summary, CFHR5 is a new pattern recognition pro-
tein and a novel properdin ligand. CFHR5 binds to modified
self-surfaces and anchors properdin, which results in targeted C3

convertase formation and local complement action. Mutant
CFHR5 proteins equipped with two interaction segments form
large multimeric complexes, expose multiple interaction sites
and attract properdinmore efficiently, thereby aggravating local
complement action which ultimately causes pathology. These
results define a novel mechanism for CFHR5-associated C3G.
Mutant CFHR5 proteins form large multimers, bind efficiently
to surfaces and enhance properdin recruitment. This effect is
related to that described for properdin and factor H-targeted
mice.36,37 Disrupting the multimeric CFHR5 mutant com-
plexes provides a new therapeutic option that may reduce or
even block surface-targeted complement activation in CFHR5-
associated C3G patients.

CONCISE METHODS

Protein Expression and Purification
The constructs of CFHR5 and the German hybrid CFHR2-CFHR5Hyb
in the expression vector PcDNA4/To/myc-His B (Invitrogen) were

generated as described previously.5 The Cypriot construct CFHR5Dup
was generated by insertion of CFHR5 exons II–III into the CFHR5

construct with primers CFHR512-F/CFHR512-R. A truncated con-

struct representing the German hybrid protein with only one inter-

action segment, the interaction segment of CFHR2 and lacking the

segment of CFHR5, i.e., CFHR2-CFHR5Var, was generated by deleting

exon IV–V in theCFHR2-CFHR5Hyb construct with primers CFHR2–

5del34-F/CFHR2–5del34-R.

The N-terminal fragments, CFHR212-CFHR512 and CFHR512,

were amplified and inserted into the PcDNA4/To/myc-His B expres-

sion vector using the primers CFHR5N-F/CFHR5N-R. Restriction

sites for endonucleases KpnI and XbaI (New England Biolabs) are

underlined. Primers are listed in Supplemental Table 8.

Recombinant CFHR5 and CFHR5-associated mutants, and the

N-terminal fragments, were expressed in HEK293 cells by transient

transfection with polyethylenimine (jetPEI, Polyplus).5 Secreted pro-

teins were purified from the culture supernatant by affinity chroma-

tography. Supernatants were applied onto a HiTrap TALON crude

(GE Healthcare) with buffer A (10 mM sodium phosphate, 10 mM

sodium hydrogen phosphate, 500 mM NaCl, 5 mM imidazole,

pH 7.8); after gradient washes, bound proteins were eluted with

buffer B (10 mM sodium phosphate, 10 mM sodium hydrogen

mAb-CFHR5 in theexplantedkidneyof patient #638 taken in 2011. (C) Properdindeposition in themesangium, identified in cryopreserved
material that was stained with pAb- or mAb-properdin by immunofluorescence (bottom panel). (D) C3c immunohistochemistry (4003)
reveals intense mesangial reactivity in the glomerulus. (E) C5b-9 reactivity in the explanted kidney (4003) with mesangial positivity.
Original magnifications are indicated in brackets. (F) Binding of CFHR5 disease variants to the surface of TNF-a–treated MMCs. TNF-
a–treated MMCs that were loaded with CFHR2-CFHR5Hyb, CFHR5Dup, CFHR5 or CFHR2 and after extensive washing the bound proteins
were detected by CFHR5- or CFHR2-reacting mAbs by flow cytometry. Antibody binding in the absence of proteins was used as the
negative control (dashed lines, buffer). (G, H) CFHR5 disease variants loaded onto the surface-activated MMCs enhance C3b/C3c and
C5b-9 deposition. TNF-a activated MMCs loaded with CFHR2-CFHR5Hyb, CFHR5Dup, CFHR5 or CFHR2 were challenged with comple-
ment active NHS. As controls, cells were treated with BSA. Following incubation for 20 minutes, C3b/C3c deposited onto the cell surface
was evaluated by flow cytometry using a C3b/C3c antibody and Alexa 488 rabbit antiserum (G). C5b-9 deposited onto the cell surface was
evaluated by flow cytometry, using aC5b-9 reacting antibody andAlexa 647mouse antiserum (H). Data representedmedian fluorescence
intensity 6SEM, n=3.
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phosphate, 500 mM NaCl, 250 mM imidazole, pH 7.4). Purified

proteins were concentrated with Amicon Ultra-15 filters (Millipore

Corporation) and dialyzed against Dulbecco’s phosphate buffered

saline (DPBS; Lonza). Recombinant CFHR2, and the N-terminal frag-

ments (CFHR212), were expressed in the Pichia system.31

Binding of Serum-Derived CFHR Proteins to Cell
Surfaces
CHO (ACC 110) cells, untreated, and also necrotic HUVE cells,

American Type Culture Collection CRL-1730) were incubated either

in NHS (pooled from five healthy donors) or in serum from patient

#635 (each at 25%) at 37°C for 30 minutes. After intensive washing,

the cells were lysed, the lysates were separated by SDS-PAGE, trans-

ferred to nitrocellulose membrane (Waterman) and bound CFHR

proteins were visualized via Western blotting with a factor H/CFHR

reacting-serum (polyclonal CFHR1 antiserum). Necrotic HUVE cells

were produced by heating the cell suspension at 65°C for 1 hour.

Binding of Recombinant CFHR Proteins to Cell Surfaces
Recombinant CFHR5 and CFHR2, each at 50 and 200 nM, were

incubated with CHO cells in 0.53 PBS buffer at 30°C for 30 minutes.

After washing, bound CFHR proteins were detected by flow cytom-

etry with appropriate mAbs: CFHR5mAb (R&D Systems) or CFHR2

mAb (generated in-house) followed by Alexa 647 mouse antiserum

(Life Technologies). Binding of CFHR5 or CFHR2 (50 and 200 nM)

to necrotic HUVE cells was prepared using a similar approach and

detected with CFHR5 mAb or CFHR2 mAb. The binding assay for

CFHR5-associated disease proteins CFHR2-CFHR5Hyb and

CFHR5Dup, the truncated variant CFHR2-CFHR5Var to CHO cells,

as well as to untreated and TNF-a–stimulated (25 ng/ml, 24 hours)

MMCs was performed similarly.

Properdin expression on the surface of premonocytic human

THP1 cells was detected using a Zeiss LSM 710 confocal microscope

andZEN2009program(CarlZeiss)withproperdin pAB(Comptech),

together with Alexa 488 goat antiserum (Life Technologies). Binding

assayswith recombinantCFHR5andCFHR2 (1000nM) toTHP1cells

were performed as described above and following washing, bound

CFHR2 or CFHR5 was identified with appropriate mAb CFHR2 or

mAb CFHR5 together with Alexa 647 mouse antiserum by confocal

microscope. Binding of CFHR5 mutants, CFHR2-CFHR5Var and

CFHR5 (each at 50 and 200 nM) was analyzed with CFHR5 mAb

by flow cytometry as described above. Colocalization of CFHR2-

CFHR5Hyb (200 nM) with properdin on THP1 cells was detected

by confocal microscopy using a similar approach, and CFHR5 and

CFHR2 (each at 200 nM) were analyzed for comparison.

Complement Activation on the Cell Surface
RecombinantCFHR5andCFHR2, eachat50and200nM,were loaded

onto necrotic HUVECells as described above. NHS (10%) diluted in

HEPES buffer containing EGTA andMg21 (MgEGTA buffer: 20 mM

HEPES, 144 mM NaCl, 7 mM MgCl2, 10 mM EGTA, pH 7,4) was

added to CFHR5-, or CFHR2-loaded necrotic, as well as to untreated

necrotic HUVECells. The cells were incubated at 30°C for 30minutes.

After intensive washing deposited C3b was detected with a C3b re-

acting mAb (Fitzgerald) in combination with Alexa 647 mouse

antiserum by flow cytometry. Cells that were incubated with

MgEGTAbuffer in the absence of aCFHRproteinwere used as antibody

control. A similar approachwas used for intact CHO cells. The effects of

the CHO cells loaded with German and Cypriot CFHR5 mutants on

C3b deposition upon incubationwithNHSwere tested in the sameway,

comparing with CFHR2-CFHR5Var and CFHR5.

Similarly, C3b deposition on CFHR2-CFHR5Hyb–loaded CHO

cells was measured when cells were challenged with complement

active, properdin-depleted human serum (HSDp). CFHR2-

CFHR5Hyb or CFHR5 (each at 200 nM) was bound to the surface of

CHO cells as described above. Following incubation in HSDp (10%),

C3b deposition was quantitated with C3b mAb by flow cytometry.

A similar experiment was performed with properdin reconstituted

serum (HSDp+P), i.e., HSDp to which purified properdin (5 mg/ml,

Comptech) was added.

TNF-a–stimulated MMCs were loaded with CFHR2-CFHR5Hyb,

CFHR5Dup, CFHR5 or CFHR2 (each at 50 and 200 nM). NHS (10%)

diluted in MgEGTA buffer was added to protein-coated, TNF-

a–stimulated MMCs. The cells were incubated at 30°C for 20 minutes.

After intensive washing, deposited C3b/C3c, as well as C5b-9, were

detected with a C3b/C3c reacting pAb (Dako) in combination with

Alexa 488 rabbit antiserum or a C5b-9 reacting mAb (Dako) in com-

bination with Alexa 647 mouse antiserum by flow cytometry. Cells

that were incubated withMgEGTA buffer in the absence of any CFHR

protein were used as antibody control.

CFHR Binding to Properdin by ELISA
To assay binding of CFHR proteins to immobilized properdin: properdin

(5 mg/ml) was coated onto MaxiSorp microtiter plates (F96 Maxisorb,

Nunc-ImmunoModule), after blocking withDPBS containing 2%BSA,

recombinant CFHR5, CFHR2 or BSA (Sigma-Aldrich), each at 50 nM,

were added to each well and the mixture was incubated at 37°C for

1 hour. Following washing, bound CFHR5 or CFHR2 were quantitated

with CFHR5mAb or CFHR2mAb in combinationwith the appropriate

secondary antiserum. OD values were measured at 450 nm.

To assay properdin binding to immobilized CFHR proteins:

recombinant CFHR5, CFHR2 or BSA, each at 50 nM, was coated

onto MaxiSorp microtiter plates. After blocking with DPBS containing

2%BSA, properdin (0–200 nM)was added to eachwell and themixture

was incubated at 37°C for 1 hour. Following washing, bound properdin

was quantitated with properdin pAB in combination with the appro-

priate secondary antiserum. OD values were measured at 450 nm. To

directly compare the binding intensity of properdin to the two CFHR5

mutants, CFHR2-CFHR5Var, and to CFHR5, each of the four proteins

was coated at 50 nM on the microtiter plates, after addition of pro-

perdin (5 mg/ml) and incubation as above, bound properdin was

detected with properdin pAb.

Real-Time Interaction by Surface Plasmon Resonance
Interactions of CFHR proteins with properdin were analyzed using

the BiaCore 3000 instrument (BiaCore AB). Briefly, purified properdin

was immobilized via standard amine coupling (in 10mMacetate buffer,

pH 5.0) to the flow cells of a CMD 500M sensor chip (Xantec) until an

appropriate level of coupling was reached. Ligands (CFHR5, CFHR2,

CFHR5 associated disease mutants and CFHR2-CFHR5Var, each was
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calculated as a monomer of 400 nM) in DPBS were flowed onto

properdin-coupled chip or onto a blank control chip at 5 ml/min at

25°C. Interactions of N-terminal segments (CFHR212-CFHR512,

CFHR512, CFHR212) with properdin were also analyzed using the

same approach. CFHR512 and CFHR212 were calculated as dimers,

and CFHR212-CFHR512 was calculated as a tetramer based on the cali-

brated minimum size.

Surface-Bound C3 Convertase Assembly and
Amplification
Recombinant disease mutants, CFHR2-CFHR5Var, CFHR5, CFHR2

or BSA, each at 50 nM, were coated onto the MaxiSorp microtiter

plates at 4°C overnight. After blocking, properdin (5 mg/ml) was

added to each well and incubated for 1 hour at 37°C. C3b (10 mg/ml),

factor B (5 mg/ml), factor D (2 mg/ml) mixed in MgEGTA buffer were

added to each well and incubated for 20 minutes at 37°C. After

intensive washing, attached Bb fragments were quantitated with factor

B pAb (Comptech). OD values were measured at 450 nm. The same

assays were performed in the absence of properdin.

Tomeasure the effect of theCFHR5onC3convertase amplification

and action, disease mutants, CFHR2-CFHR5Var, CFHR5, CFHR2 or

BSA, each at 50 nM, were immobilized onto the plates as described.

Next properdin (5 mg/ml) was attached to the immobilized proteins,

then C3b (2mg/ml), factor B (10mg/ml), factor D (2mg/ml), together

with C3 (20 mg/ml), all mixed in MgEGTA buffer, were added to

the wells and the mixture was incubated for 30 minutes at 37°C.

Following washing, deposited C3b was quantitated using C3b mAb.

OD values were measured at 450 nm.

Size Exclusion Chromatography
Constructs of CFHR2-CFHR5Hyb and the N-terminal truncated frag-

ment CFHR212-CHFR512 were transfected to HEK293 cells and ex-

pressed transiently. Supernatants (20 ml) of CFHR2-CFHR5Hyb or

CFHR212-CHFR512 expressing cells were collected 96 hours post-

transfection, and concentrated to 1 ml with Amicon Ultra-15 filters.

500 ml of each supernatant was applied on a calibrated Superdex 200

10/300 GL column (GE Healthcare) and separated against DPBS

using a flow rate of 0.5 ml/min. Fractions were collected and aliquots

of each fraction were separated by SDS-PAGE, then transferred to a

membrane and proteins were visualized by Western blotting using

CFHR5 pAb (R&D Systems). The column was calibrated with the

filtration calibration kit (GE Healthcare) to evaluate the elution pro-

file of the four marker proteins and similarly to evaluate the mass of

the sample proteins.

In addition NHS and also serum from patient #635 (500 ml

straight) was applied to the same calibrated column, separated and

processed as described above. A combination of factor H/CFHR an-

tiserum and CFHR5 pAb was used to detect factor H, CFHR1,

CFHR2, CFHR5 and CFHR2-CFHR5Hyb.

Detection of CFHR5, Properdin and Complement
Components in Paraffin-Embedded and Cryopreserved
Human Renal Specimens
Patient #638 described recently5 reached ESRD at age 23, in 2006, and

performed peritoneal dialysis until being successfully transplanted in

October 2010. He reached his best creatinine level of 1.13 mg/dl

5 months after transplantation. Six months after transplantation

transplant failure occurred, when the first rejection episode was ver-

ified upon biopsy, which was formerly classified as cellular, type

BANFF IA. Despite aggressive rejection therapy including several

courses of pulse prednisolone, antithymocyte globuline and plasma-

pheresis over the following months, the rejection was refractory to all

interventions. The patient had to return to regular dialysis 7 months

after transplantation. Eight months after transplantation (June 2011)

the transplant was explanted because of continued inflammation and

exceeding immunosuppressive therapy.

Native renal biopsies (formalin-fixed paraffin-embedded) were

performed in kidney biopsies of patients #635 and #638, obtained in

1999 and 2000, and tissue of a renal transplant (formalin-fixed

paraffin-embedded and cryopreserved) which was explanted in 2011

frompatient #638were investigated. Twoor three kidneybiopsieswith

dense deposit disease and four samples of nonneoplastic renal

parenchyma from tumor nephrectomies served as controls. Primary

antibodies used for immunohistochemistry were as follows: CFHR5

(1:500, mouse, monoclonal; R&D Systems), C3c (1:75,000, rabbit

polyclonal; Dako), C5b-9 (1:1000, mouse, monoclonal, clone

C5b9; Qidel). Stainings for C3c and C5b9 were performed on a Ven-

tana BenchMark Ultrastainer immunohistochemistry device (Roche,

Grenzach-Wyhlen, Germany). For the detection of CFHR5 Vector

ABC-Kit (Vector Laboratories) was applied and ImmPACT DAB

Vector (Vector Laboratories) was used as a chromogen. Properdin

immunofluorescence was performed on cryopreserved tissue of the

above-mentioned explanted renal transplant and on normal renal

parenchyma of a tumor nephrectomy used as a control. Two primary

antibodies specific for properdin (1:200, mouse monoclonal, 134038

and 1:200, goat, polyclonal) were used. A donkey anti-mouse Alexa

568 and a donkey anti-goat Alexa 488 antibody (both Life Technol-

ogies), respectively, were applied as secondary antibodies.

Responses to Cytokine Stimulation of the MMCs
The MMCs39 were seeded into 24-well plates in RPMI medium sup-

plemented with 10% heat inactivated FBS (F7524; Sigma-Aldrich)

and incubated for 24 hours to reach 60–70% confluence. Then the

medium was replaced by RPMI FBS (10%) supplemented with TNF-a

(ImmunoTools, 0–100 ng/ml).40 Following incubation for 24 hours

at 37°C, the culture supernatants were collected and IL-6 levels were

determined by ELISA (eBioscience). The kinetic for IL-6 expression

was evaluated by incubating MMCells at 37°C in RPMI medium sup-

plemented with FBS (10%) and TNF-a (25 ng/ml) for varying times

ranging from 0.5 to 72 hours (Supplemental Figure 7, A and B).

Statistical Analyses
Statistical analysis of the data was done by t-test for unpaired data.

Data in Figure 1, A–C, E and F), Figure 2C, Figure 3, Figure 4, C–E)

and Figure 5F) are representative of three independent experiments.

Study Approval
This study was approved by the Ethical Board of the Friedrich Schiller

University, Jena, Germany. The patients were informed on this study

and they provided written consent on participation.
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