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ABSTRACT 
Introduction: Membranoproliferative glomerulonephritis type II or Dense Deposit 
Disease (MPGN II/DDD) causes chronic renal dysfunction that progresses to end-stage 
renal disease in about half of patients within 10 years of diagnosis.  Deficiency of and 
mutations in complement Factor H (CFH) are associated with the development of 
MPGN II/DDD, suggesting that dysregulation of the alternative pathway of the 
complement cascade is important in disease pathophysiology.   
Subjects: Patients with MPGN II/DDD were studied to determine whether specific allele 
variants of CFH and CFHR5 segregate preferentially with the MPGN II/DDD disease 
phenotype.  The control group was compromised of 131 persons in whom age-related 
macular degeneration had been excluded.   
Results: Allele frequencies of four single nucleotide polymorphisms (SNPs) in CFH and 
three SNPs in CFHR5 were significantly different between MPGN II/DDD patients and 
controls.  
Conclusion:  We have identified specific allele variants of CFH and CFHR5 associated 
with the MPGN II/DDD disease phenotype.  While our data can be interpreted to further 
implicate complement in the pathogenesis of MPGN II/DDD, these associations could 
also be unrelated to disease pathophysiology.  Functional studies are required to 
resolve this question. 
 
 
INTRODUCTION 

The membranoproliferative glomerulonephritides are diseases of diverse and 
often obscure etiology that account for 4% and 7% of primary renal causes of nephrotic 
syndrome in children and adults, respectively1.  Based on renal immunopathology and 
ultrastructural studies, three subtypes are recognized. Membranoproliferative 
glomerulonephritis (MPGN) types I and III are variants of immune complex-mediated 
disease; MPGN II, in contrast, has no known association with immune complexes2.   

MPGN II accounts for less than 20% of cases of MPGN in children and only a 
fractional percentage of cases in adults1,3,4.  Both sexes are affected equally, with the 
diagnosis usually made in children between the ages of 5-15 years who present with 
non-specific findings like hematuria, proteinuria, acute nephritic syndrome or nephrotic 
syndrome2.  More than 80% of patients with MPGN II are also positive for serum C3 
nephritic factor (C3NeF), an autoantibody directed against C3bBb, the convertase of the 
alternative pathway of the complement cascade5.  C3NeF is found in up to one-half of 
persons with MPGN types I and III and also in healthy individuals, making the electron 
microscopic demonstration of dense deposits in the glomerular basement membrane 
(GBM) necessary for a definitive diagnosis of MPGN II2.  This morphological hallmark is 
so characteristic of MPGN II that the disease is more accurately referred to as Dense 
Deposit Disease (MPGN II/DDD) (Fig 1).   

Spontaneous remissions of MPGN II/DDD are uncommon3,4,6,7.  The more 
common outcome is chronic deterioration of renal function leading to end-stage renal 
disease (ESRD) in about half of patients within 10 years of diagnosis7-10.  In some 
patients, rapid fluctuations in proteinuria occur with episodes of acute renal deterioration 
in the absence of obvious triggering events; in other patients, the disease remains 
stable for years despite persistent proteinuria.   
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C3NeF persists throughout the disease course in more than 50% of patients with 
MPGN II/DDD5.  Its presence is typically associated with evidence of complement 
activation, such as a reduction in CH50, decrease in C3, increase in C3dg/C3d and 
persistently high levels of activation of the alternative pathway of the complement 
cascade.  C3, the most abundant complement protein in serum (~1.2 mg/ml), normally 
undergoes low levels of continuous autoactivation by hydrolysis of its thioester in a 
process known as tick-over. C3 hydrolysis induces a large conformational protein 
change, making C3(H20) similar to C3b, a cleavage product of C3.  C3(H20) associates 
with factor B to form C3(H20)Bb, which cleaves C3 to C3b in an amplification loop that 
consumes C3 and produces C3bBb2 (Fig 2).   

In MPGN II/DDD, C3NeF binds to C3bBb (or to the assembled convertase) to 
prolong the half-life of this enzyme, resulting in persistent C3 consumption that 
overwhelms the normal regulatory mechanisms to control levels of C3bBb and 
complement activation2.  Normal control involves at least seven proteins, four of which 
are present in serum (complement factor H (CFH), complement factor H-like protein 1 
(CFHL1), complement factor I (CFI) and C4 binding protein (C4BP)) and three of which 
are cell membrane-associated (membrane co-factor protein (MCP, CD46), decay 
accelerating factor (DAF, CD55) and complement receptor 1 (CR1, CD35)) 2,11,12.   

Of particular relevance to MPGN II/DDD is CFH, one of 7 proteins in the CFH 
family.  In pigs and mice, its deficiency is associated with the development of renal 
disease that is similar at the light and electron microscopic level to MPGN II/DDD, and 
in humans its deficiency as well as mutations in the CFH gene have been reported in 
patients with MPGN II/DDD11,13-16 (Fig 3).   

The other 6 members of the CFH family include CFHL1, which is a splice isoform 
of CFH, and five CFH-related proteins encoded by distinct genes (CFHR1-5).  There is 
little known about the latter five proteins, although they do show varying degrees of 
structural similarity to CFH2.  Most interesting in this group with respect to MPGN II/DDD 
is CFHR5, because it shows the highest similarity to CFH and has been demonstrated 
in renal biopsies of patients with other types of glomerulonephritis 2,17.  In vitro studies 
have also shown that CFHR5 is present on surfaces exposed to complement attack, 
suggesting a possible role in the complement cascade 17. 

A possible relationship between CHF/CFHR5 and MPGN II/DDD is further 
strengthened by the observation that patients with MPGN II/DDD develop an ocular 
phenotype called drusen.  Drusen result from the deposition of abnormal extracellular 
deposits in the retina within the ocular Bruch’s membrane beneath the retinal pigment 
epithelium.  The drusen of MPGN II/DDD are clinically and compositionally 
indistinguishable from drusen that form in age-related macular degeneration (AMD) 18-20, 
which is the most common form of visual impairment in the elderly21,22.  The single 
feature that distinguishes these two types of drusen is age of onset - drusen in MPGN 
II/DDD develop early, often in the second decade of life, while drusen in AMD are found 
in the elderly.   

Four recent studies have implicated specific allele variants of CFH with AMD, 
suggesting that subtle differences in CFH-mediated regulation of the alternative pathway 
of complement may play a role in a substantial proportion of AMD cases23-26.  One of 
these studies also showed that MPGN II/DDD and AMD patients segregate several of the 
same CFH risk alleles23.  In this study, we sought to refine the association of allele 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.2005.038315 on 18 N
ovem

ber 2005. D
ow

nloaded from
 

http://jmg.bmj.com/


 4

variations of CFH and CFHR5 with MPGN II/DDD.   
 
MATERIALS AND METHODS 
Patients and Controls 
 Patients with biopsy-proven MPGN II/DDD were ascertained in nephrology 
divisions and enrolled in this study under IRB-approved guidelines.  The control group 
was ascertained from ethnically-matched but not age-matched unrelated persons in 
whom AMD had been excluded by ophthalmologic examination.   
 
Mutation Screening and Analysis 
 Coding and adjacent intronic regions of CFH and CFHR5 were PCR amplified for 
35 cycles of 30 seconds each at 94°C denaturing, 61°C annealing and 70°C extension.  
Product generation was verified by agarose gel electrophoresis and amplicons were 
then bi-directionally sequenced in patients with MPGN II/DDD.  All novel and reported 
SNPs identified through data mining (Ensemble database, dbSNP, Applied Biosystems) 
were typed in the control population by denaturing high performance liquid 
chromatography (DHPLC) (Tables 1, 2).  In brief, DHPLC analysis of each amplicon 
was performed at three different temperatures.  Amplicons were analyzed using 
Wavemaker software to estimate optimal temperature, run time and acetonitrile 
gradient.  Predicted temperatures were bracketed by +/-2°C to optimize sensitivity and 
maximize the likelihood that novel mutations would be detected27.  
 
Table 1. Primers used to amplify CFH coding sequence 

Exon Forward Reverse 
1 TGGGAGTGCAGTGAGAATTG GCTAATGATGCTTTTCACAGGA 
2 CCTGTGACTGTCTAGGCATTTT TATGCCTGAATTATATCACTATTGCC 
3 GCTTTGCTATGTTTAATTTTCCTT AACTATGATGGAAATAATTAAATCTGG 
4 TGCATATGCTGTTCATTTTC GTCTTACATTAAAATATCTTAAAGTCTC 
5 TTTCCTCCAATCTTATCCTGAG CGTTCATTCTAAGGAATATCAGCA 
6 CCTGATGGAAACAACATTTCTG AACAGGGCCAGAAAAGTTCA 
7 TGTTCATTTTAATGCCATTTTG AGTTTTCGAAGTTGCCGAAA 
8 CCTAGAAACCCTAATGGAATGTG TGTTCAAGCAAAGTGACCAAA 
9 TGAGCAAATTTATGTTTCTCATTT ATGTCACCTTGTTTTACCAATGG 
10 TGAATGCTTATGGTTATCCAGGT AAAACCTGCAGGAACAAAGC 
11 TCTTAGAATGGGAAATACTCAGATTG TGGTTTTTCAGAAATTCATTTTCA 
12 ATGTAAAATTAACTTTGGCAATGA TTGCTGAAATAAGAATTAGAACTTTG 
13 TGAATAAAAGAAGAAAATCTTTCCA ATCTAAAACACATACATCATGTTTTCA 
14 AAAACACATACATCATGTTTTCACAA GATATGCCTCAACATTTCCAGTC 
15 GTTGGTTTGATTCCTATCATTTG TTGGAAAAGTAATAGGTATGTGTGTC 
16 CTATGAGAATACAAGCCAAAAGTTC TCTCTTGTGCTTCGTGTAAACAA 
17 AACCCTTTGATTTTCATTCTTCA TCAAAGTGAGGGGAATAATTGA 
18 AATTTATGAGTTAGTGAAACCTGAAT TCTTCATTCAAAGTGTAAGTGGTACC 
19 ACAAAATGGCTAATATATTTTCTCAAG TAATGTGTGGGCCCAGCC 
20 CAAAATGAACACTAGGTGGAACC ATTTTGGGGGAGTATAGCAGG 
21 CTGTGTTTGCGTTTGCCTTA TTCACGTGGCTGGAAAAATC 
22 TTGAAAACCTGAAAGTCTATGAAGA TCAATCATAAAGTGCACACCTTT 

 
 
Table 2. Primers used to amplify CFHR5 coding sequence 
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Exon Forward  Reverse 
1 CAGTCCCATTTCTGATTGTTCCA GCTGAGGATAATTTGAAGGGG 
2 GTGATTCATCGATGTAGCTCTTT AATGACCAGAGGAGCCTGGAA 
3 TGATGTCAGTTTTCAAAGTTTTCC ACCACTCTCTCAGTTTTGCTAATTAT 
4 CACATTAAATTTGTTTCTGCAATGA AGAAGTGATGAAACAAGAATTTGA 
5 CCATTTAAGCATTATTTATGGTTTC AAACAGGACAGTTACTATTACTTTGCA 
6 AAATATTTTCAGAGTAAGCACTCATTT TTTATCATTTTGATTGGGATTGT 
7 TGCAGATATTTTATTGACATAATTGTT GTTGATCTTGTTGCTTCTTTACAAGA 
8 CCATTTTCCTGAAACACTACCC TCTGTTGCACTGTACCCCAA 
9 AATTATTTGAATTTCCAGACACCTT TTTTGGACTAATTTCATAGAATAACCC 
10 CTTAAATGCAATTTCACTATTCTATGA TAGCCATTATGTAGCC 

 
 
Haplotype Analysis 
 Construction of block structures with distribution of haplotypes was completed 
using Haploview, a publicly available software program developed at the Whitehead 
Institute (http://www.broad.mit.edu/mpg/haploview/)28.  Two datasets, one consisting of 
each control’s sex and genotype, and the other describing marker information including 
SNP identification and chromosomal location, were assimilated in Excel files, which 
were up-loaded into the Haploview program.  The output consisted of linkage 
disequilibrium (LD) plots and the corresponding population frequencies with crossover 
percentages. 
 
Stastical Analysis 
 The chi-square test of independence was used to detect differences in SNP 
frequencies between patients with MPGNII/DDD and controls.  P-values< 0.05 were 
considered significant.  The LD plots for CFH and CFHR5 were created using the 
control population.    
 
 
RESULTS 
Patients and Controls 

Twenty-two patients with biopsy-proven MPGN II/DDD and 131 persons without 
AMD participated in this study.  Mean age of the control group was 78.4 years, 
reflecting our ascertainment criterion to exclude AMD. 
 
CFH, CFHR5 and MPGN II/DDD 

Allele frequencies of four of seven CFH SNPs genotyped in the MPGN II/DDD 
patient group and the control population showed a significant association with the 
MPGN II/DDD disease phenotype at p<0.05.  These SNPs included exon 2 I62V, IVS 2-
18insTT, exon 9 Y402H and exon 10 A473A. Allele frequencies for exon 7 A307A, exon 
13 Q672Q and exon 18 D936E were not significantly different between groups (Tables 
3-5).  
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Table 3.  CFH SNPs in patients segregating MPGN II/DDD.  Allele frequencies (f1 and f2) and number of patients by genotype are shown. 
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Table 4. Comparison of CFH SNP frequencies in MPGN II/DDD patients versus controls 
(allele frequencies given as f1 and f2) 
 

 
 
 
 
 
 
 
 
 

 
Table 5. Coding SNPs associated with MPGN II/DDD and the related short consensus 
repeat (SCR) of CFH  
 

SNP SCR Function of SCR 
Exon 2 I62V 1 Interaction with C3b  

Exon 9 Y402H 7 Heparin binding 
Interaction with C reactive protein 

Exon 10 A473A 8 Interaction with C reactive protein 
 
 
 

Five CFHR5 SNPs were genotyped in the MPGN II/DDD patient group and 
control population, including one non-synonymous SNP (exon 2 P46S), two promoter 
SNPs (-249T>C , -20 T>C) and two intronic SNPs (IVS1+75T>A, IVS2+58C>T).  Allele 
frequencies of three SNPs – exon 2 P46S, -249T>C and -20 T>C – were significantly 
different between groups at p<0.05 (Tables 6, 7).   

 
 
 

SNP f1  
MPGN II/DDD 

f2 
MPGN II/DDD 

f1 
Controls 

f2  
Controls 

P-value 

Exon 2 I62V 42 (G) 2 (A) 202 (G) 60 (A) 0.0051 
IVS2  -18insTT 42 (short) 2 (long) 194 (short) 68 (long) 0.0018 
Exon 7 A307A 16 (C) 28 (A) 88 (A) 174 (C) 0.72 
Exon 9 Y402H 28 (Y) 16 (H) 88 (Y) 174 (H) 0.00014 
Exon 10 A473A 40 (G) 4 (A) 74 (G) 62 (A) 0.000013 
Exon 13 Q672Q 35 (A) 9 (G) 217 (A) 41 (G) 0.45 
Exon 18 D936E 35 (D) 9 (E) 115 (D) 19 (E) 0.32 
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Table 6.  CFHR5 SNPs in patients segregating MPGN II/DDD. Allele frequencies (f1 and 
f2) and number of patients by genotype are shown.     
 

 
    

 
 
Table 7. Comparison of CFHR5 SNP frequencies in MPGN II/DDD patients versus 
controls (allele frequencies given as f1 and f2) 

 
 
 

 
 
 
 
 
 

 
 
 

 
 
Haploblocks 
 Haplotype blocks showed that A307A and Y402H are in linkage disequilibrium in 
CFH while -249T>C and -20T>C are in linkage disequilibrium in CFHR5 (Fig 4).    
 
 

SNP F1 
MPGNII/DDD 

f2 
MPGNII/DDD 

f1  
 Controls 

f2  
 Controls 

P-value 

Promoter  
-249T>C 

43 (T) 1 (C) 178 (G) 28(A) 0.033 

Promoter 
 -20T>C 

43 (T) 1 (C) 178 (G) 28(A) 0.033 

IVS1 
+75T>A 

37(T) 7 (A) 161 (A) 41 (C) 0.38 

Exon 2 
P46S 

41 (P) 3(S) 205 (P) 1 (S) 0.00023 

IVS2 
+58C>T 

37 (C) 7 (T) 158 (C) 28 (T) 0.28 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.2005.038315 on 18 N
ovem

ber 2005. D
ow

nloaded from
 

http://jmg.bmj.com/


 9
DISCUSSION 

The alternative pathway of complement represents an elegant system to protect 
humans from pathogens.  Its central component, C3, circulates at a high concentration 
in plasma and is distributed throughout body fluids29.  Its activation creates a toxic local 
environment that damages foreign surfaces and results in the elimination of microbes.  
To prevent unrestricted complement activation, host cells and tissue surfaces down-
regulate the amplification loop using a combination of surface-attached and membrane-
bound regulators of complement.  Some host cells express a single membrane-bound 
regulator of complement in high copy number, while other cells express several 
membrane-bound regulators and also attach soluble fluid-phase regulators.  A few 
tissues lack membrane-bound regulators and depend exclusively on the attachment of 
soluble regulators2. 

In the kidney, endothelial and mesangial cells express two membrane-bound 
regulators of complement, MCP and DAF30,31. Podocytes express four: MCP, DAF, CR1 
and CD59. Both mesangial cells and podocytes also secrete the soluble regulator, CFH, 
which is up-regulated in membranous nephropathy in response to complement 
activation and inflammation32,33.  CFH acts in an autocrine fashion by binding directly to 
the secreting mesangial cells and podocytes.   

The GBM, in contrast, is unique.  It lacks endogenous membrane-bound 
regulators to protect it from complement-mediated injury, however its highly negatively 
charged surface binds and absorbs CFH16.  The dependency of the GBM on CFH for 
local complement control is consistent with the finding of pathologic mutations in CFH in 
a few persons with MPGN II/DDD13,34.   

Our data identifying several allele variants of CFH and CFHR5 associated with 
MPGN II/DDD is consistent with the hypothesis that complement control plays a role in 
the pathogenesis of this disease.  A comparison of our data with reported AMD data 
adds additional support, as the allele frequency for each of the identified at-risk SNP 
variants we observed in CFH is higher in the MPGN II/DDD patient cohort than in the 
AMD patient cohort, and strong evidence implicates CFH in AMD23-26.  Although it is not 
known whether the amino acid changes in exons 2 and 9 of CFH impact function, these 
changes are found in domains that interact with C3b and heparin, and differences in 
C3b/C3d and heparin binding have been demonstrated with several amino acid 
changes in CFH that are associated with another renal disease, atypical hemolytic 
uremic syndrome38 (Tables 4 and 5). 

With the exception of CFH, the function of other members of the Factor H-related 
family is largely unknown and their expression patterns have not been explored, 
however studies of CFHR5 have shown that it has properties similar to CFH, including 
heparin, CRP and C3b binding17 (Fig 3).  This similarity suggests that like CFH, CFHR5 
could play a role in MPGN II/DDD.  Consistent with this possibility is our finding of 
CFHR5 expression in renal biopsies from two patients with MPGN II/DDD (data not 
shown).   

Our genotyping data show that some allele variants of CFHR5 preferentially 
associate with the MPGN II/DDD disease phenotype.  Included are two SNPs in the 
promoter region of CFHR5 which could affect transcription, one by removing a binding 
site for C/EBPbeta and the other by adding a GATA-1 binding site.  The other significant 
association changes a proline to serine in exon 2.  Since exons 1and 2 of CFHR5 
encode a domain homologous to short consensus repeat 6 (SCR6) of CFH, which is 
integral to heparin and CRP binding, this change could affect complement activation 
and control.   
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SUMMARY 
Humans, pigs and mice deficient in CFH develop MPGN II/DDD11,13-15, 

implicating local dysfunction of the alternative pathway of the complement cascade in 
this disease.  We have identified specific allele variants of CFH and CFHR5 associated 
with the MPGN II/DDD disease phenotype.  While our data can be interpreted to further 
implicate complement in the pathogenesis of MPGN II/DDD, these associations could 
also be unrelated to disease pathophysiology.  Functional studies are required to 
resolve this question.    
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LEGENDS 
Figure 1.  Light micrograph showing marked glomerular hypercellularity with dense 
intramembranous deposits that cause capillary wall thickening in a person with MPGN 
II/DDD.  The deposits can form a segmental, discontinuous or diffuse pattern in the 
lamina densa of the glomerular basement membrane (GBM).  By light microscopy, they 
are eosinophilic and refractile, stain brightly with periodic acid-Schiff and are highly 
osmophilic, which explains their electron-dense appearance (A).  Even by electron 
microscopy the deposits lack substructure and appear as very dark homogeneous 
smudges (B).  The exact composition of dense deposits remains unknown (bar, 5 um).   
 
Figure 2.  The alternative pathway of the complement cascade is systematically 
activated at a high level in patients with MPGN II/DDD.  Normally, continuous low-level 
activation of C3 occurs by spontaneous hydrolysis in a process known as tick-over.  C3 
hydrolysis is associated with a large conformational protein change shown at the top of 
the diagram.  The conformational change makes C3(H20) similar to C3b, a C3 cleavage 
product.  The initial convertase, C3(H2O)Bb, activates C3 to form C3b.  Although C3b 
has a fleeting half-life, if it binds to IgG, cells or basement membranes, it is protected 
from immediate inactivation.  (C3b)2-IgG complexes form in the fluid phase and bind 
properdin (P), which facilitates factor B binding and the generation of C3bBb, the 
convertase of the alternative pathway, shown here as a Bb(C3b)2-IgG-properdin 
complex.  The amplification loop is depicted by the red arrows.   C3NeF prolongs the 
half-life of C3 convertase and is shown in the inset.  One mechanism to degrade C3 
convertase is through its interaction with complement factor H, shown at the bottom 
right.  Deficiency of and mutations in complement factor H are associated with MPGN 
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II/DDD.     
 
Figure 3.  The Regulators of Complement Activation is a gene cluster on chromosome 
1.  It includes genes that encode the seven proteins in the complement factor H family.  
Structurally, these proteins are similar, each being built on a motif of distinct functional 
domains called short consensus repeats (SCRs).  CFH has 20 SCRs.  The interacting 
partners with some of these SCRs has been determined and is shown on the top right 
(CRP, C reactive protein; Hep, heparin).  Complement factor H-like 1 (CFHL1) is a 
splice isoform of CFH, while complement factor H-related proteins 1-5 (CFHR1-5) are 
each encoded by a unique gene (CFHR1-5).  The SCRs of CFHR1-5 are similar to 
some of the SCRs in CFH, as denoted by the numbers in the ovals.  For example, 
CFHR5 has 9 SCRs, with the first two being similar to SCRs 6 and 7 of CFH and 
therefore having CRP and heparin binding properties.  SCRs5-7 of CFHR5 have the 
numbers 12-14 within the corresponding ovals because these SCRs are similar to 
SCRs 12-14 of CFH and have C3b and heparin binding properties.     
 
Figure 4.  Linkage disequilibrium plots show that A307A and Y402H are in linkage 
disequilibrium in CFH and that -249T>C and -20T>C are in linkage disequilibrium in 
CFHR5 (n=103).   Haplotype frequencies and cross-over frequencies between blocks 
are shown to the right. 
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