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Background and objectives: Atypical hemolytic uremic syndrome (aHUS) is associated with mutations in genes encoding
complement-regulatory proteins factor H, I and B and membrane cofactor protein. Recently, heterozygous gain-of-function
mutations in the complement C3 gene have been found in patients with aHUS.
Design, setting, participants, & measurements: A large family with a C3 R570Q mutation is described. Clinical and
laboratory findings of carriers of the mutation and unaffected family members are reported.
Results: The index patient suffered from recurrent aHUS at age 22 and developed end-stage renal failure. Of 24 family
members, nine harbored the C3 R570Q mutation. Carriers showed reduced or borderline C3 levels. Arterial hypertension was
found in six family members, microhematuria in five and chronic kidney disease stage 3 in two elderly carrier patients.
Despite marked consumption of C3, serum terminal complement complex levels were not elevated in carriers compared with
other family members.
Conclusions: The penetrance of the C3 R570Q mutation to induce aHUS is incomplete and lower compared with mutations
in other genes predisposing to the disease. The mutation is possibly also associated with hypertension, hematuria and chronic
kidney disease, all of which may represent consequences of long-term complement activation in the renal vasculature.
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H

emolytic uremic syndrome (HUS) is a rare disease
characterized by microangiopathic hemolytic anemia, thrombocytopenia and acute renal failure. In
children, the most frequent form (90% of patients) is the socalled typical or postdiarrheal (D⫹) HUS, caused by infection
with Shiga-toxin (Stx) producing Escherichia coli. Other cases are
classified as atypical D-HUS or aHUS and can be either sporadic or familial. A clear link was demonstrated between the
disease and genetic abnormalities in complement regulator
genes. In about 50% of patients suffering from aHUS, predisposing mutations in genes of complement regulators are identified. These include loss-of-function mutations in soluble com-
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plement factors H (CFH) and I (CFI) and membrane-bound
membrane co-factor protein (MCP, CD46) (1–9). In about ten
percent of cases, loss-of-function is acquired and due to antifactor H antibodies (10). In addition, gain-of-function mutations in complement factor B (BF) also predispose to aHUS (11).
A recent report describes nine heterozygous mutations in the
complement C3 gene that are associated with aHUS in 14
patients (12). Whereas two of these caused impaired C3 secretion, five mutated proteins showed reduced binding to MCP
and resisted cleavage by CFI. Here we describe in detail a
patient carrying one of these mutations (R570Q) and an investigation of the patient’s family. We suggest that this mutation
not only predisposes to aHUS, but is probably also associated
with hypertension, minor urinary abnormalities and chronic
kidney disease (CKD).
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Patients and Methods
The methods for identifying the C3 mutation in the index case have
been described in detail (12). Furthermore, mutation analysis of factor
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H, factor H-related proteins 1 and 3, membrane cofactor protein, factor
I and factor B has been performed in the index case as described (3, 5,11,
13,14). In addition to the index patient, 24 other family members were
available for investigation (in one seven-year-old boy only mutation
analysis was available). This included medical history and BP measurement. Laboratory tests for blood count, schistocytes, lactic dehydrogenase, haptoglobin, serum creatinine, estimated GFR, hematuria, proteinuria, C3 and C4 were performed using routine methods. The
concentration of terminal complement complex (TCC) in serum was
quantitated using a specific ELISA (15). Complement C3 levels in
affected and unaffected probands were compared by two-sided unpaired t test.
Genomic DNA was extracted from peripheral venous blood samples
using standard procedures. The primer sequences, chosen to amplify
the whole coding region and all splice sites of the C3 gene, are available
from the authors on request. Oligonucleotide primers were designed
from the NCBI annotations for C3 mRNA (NM_000064.2) and genomic
reference (NC_000019.8) sequences (www.ncbi.nlm.nih.gov/). To amplify C3 exon, 14 harboring the c.1775G⬎A (R570Q mutation), a 289-bp
fragment was PCR-amplified using oligonucleotide primers C3 14f, 5⬘TCTTTCCACTCTAGCCCAGC, and C3 14r, 5⬘- CCTCCGCCTCTTCTCAGC. We amplified 15 to 25 ng of genomic DNA in a 25-l reaction
volume that included 1x GoTaq PCR buffer (Promega, Mannheim,
Germany), 1.5 mM MgCl2, primers at 0.8 mM and dNTPs at 200 M
(final concentrations), and 0.5 U of GoTaq polymerase (Promega). The
following PCR conditions were used for all sets of primers: initial
denaturation at 95 °C for three minutes; 36 cycles of denaturation at
95 °C for 30 s, annealing at 59 °C for 30 s, and extension at 72 °C for 40 s;
final extension at 72 °C for 8 min. PCR products were cleaned using
ExoSap-IT Puffer und Enzyme (USB, Vienna, Austria), and subsequently sequenced on an ABI 3130 DNA sequencer, with BigDye terminator mix (Applera, Vienna, Austria). Patient and control chromatographs, and the reference sequence were aligned and analyzed using
the SEQUENCHER computer program (GeneCodes Corporation, Ann
Arbor, MI). DNA samples of family members were tested for the
presence and zygosity of the R570Q mutation by means of an allelespecific PCR using reverse primer C3 592rt, 5⬘- acggccaccagtaccatct to
amplify the mutant allele, and C3 592rc, 5⬘- acggccaccagtaccatcc to
amplify the wild-type allele in distinct PCR reactions with a common
forward primer, C3 592comf, 5⬘- cctttctgtctttccactctagc, each yielding
205-bp fragments. In these reactions, a primer pair, K1f, 5⬘- agagaatggtcagtagggacact, and K1r, 5⬘- ggacctcagatgtgctgtt, amplified a 531-bp
fragment to control for PCR success.
Single nucleotide polymorphisms (SNP) in the MCP and CFH genes
that determine risk haplotypes for aHUS were analyzed as described
elsewhere (16,17).
A linkage analysis of the C3 R570Q mutation with hypertension was
conducted assuming a disease allele frequency of 0.001, and four agedependent phenocopy rates integrated as liability classes correspond-
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ing to prevalences of hypertension in the general Austrian population
(⬍30 yr 9%, 30 to 40 yr 21%, 40 to 50 yr 29%, ⬎50 yr 54%).
The whole study was approved by the institutional review board of
Innsbruck Medical University. All patients or their parents gave informed consent to the investigations, in particular for molecular genetic
analysis in the context of genetic counseling.

Results
The Index Patient
A 22-yr-old woman with an unremarkable medical history
was admitted because of high fever and right flank pain. The
diagnosis of acute pyelonephritis was confirmed by CT scan.
She was treated with antibiotics. Two days later she complained of pain in the right upper abdomen. A sonogram
showed acute cholecystitis, and she underwent a laparoscopic
cholecystectomy. A blood culture grew E. coli. Two days later
thrombocytopenia and elevated serum creatinine were noted,
and she developed severe hemolytic anemia. Serum C3 levels
were moderately reduced. Hemolytic uremic syndrome was
diagnosed. Over the next two weeks, the patient underwent 10
plasma exchanges (50 ml/kg each) using fresh frozen plasma as
substitution fluid. All laboratory values normalized. Over the
next year several check-ups showed no abnormality except
consistently lowered C3 levels to about 50% of normal. Fourteen months after the initial attack, the patient observed a
brown discoloration of her urine. Laboratory controls performed two weeks later disclosed a relapse of the hemolytic
uremic syndrome (Table 1). Within the next seven weeks, 24
plasma exchanges (50 ml/kg) were performed. Although hemolytic anemia and thrombocytopenia resolved, the patient did
not regain sufficient renal function and remained on chronic
hemodialysis treatment. She is currently on the waiting list for
renal transplantation. Serotyping of E. coli grown in the blood
culture was not performed. The patient did not develop IgM or
IgG antibodies against O157 serotype, which makes infection
with Shiga toxin-producing E. coli unlikely.
Mutation analysis revealed a heterozygous C3 R570Q mutation
(Figure 1). The arginine-to-glutamine substitution at position 570
corresponds to the nucleotide substitution c.1775G3 A. Mutations
in other genes were not detected.

Other Carriers of the Mutation
The family tree is shown in Figure 2. In addition to the index
case, nine other family members were found to carry the C3
R570Q mutation. Clinical data on eight carriers (not including

Table 1. Laboratory values during attacks and remission of aHUS in the index patient
Laboratory parameter

First Attack

Remission

Relapse

Hemoglobin (120–157 g/L)
Thrombocytes (150–380 G/L)
LDH (130–223 U/L)
Haptoglobin (42–176 mg/dl)
Creatinine (0.60–1.00 mg/dl)
C3 (90–180 mg/dl)

50
7
2280
⬍20
2.5
70.0

134
255
166
112
0.82
51.5

96
38
1874
⬍7
4.17
58.7
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Figure 1. Sequence analysis showing the 1775G3 A base exchange in the C3 gene. The genomic structure numbering begins with the start site ATG. The protein numbering starts with
the first amino acid of mature C3 (exact nomenclature R570Q or
p.Arg592Gln).
the seven-year-old boy) are summarized in Table 2. Six of the
seven adult carriers suffered from hypertension, which required antihypertensive combination therapy in four of them.
In addition, the index patient had also suffered from hypertension before development of aHUS. Five carriers had mild hematuria, and three had hyaline casts in the urinary sediment.
Determination of renal function by eGFR showed CKD stage 3
in the two oldest affected family members and borderline renal
function (CKD stage 2) in four additional carriers. Contrarily,
only one of the 11 adult family members without the mutation
had hypertension. Urinalysis and renal function were normal in
all noncarriers.
In the linkage analysis, maximal LOD score of 0.0018 was
obtained with mutation C3 R570Q for hypertension, assuming
a mutation penetrance of 0.8 (heterozygous or homozygous).
Given the high population prevalence for hypertension, a LOD
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score of 0.0018 is close to the maximal LOD score that can be
obtained with this single pedigree. Nevertheless, this LOD
score between the C3 mutation and hypertension is inconclusive.
Three family members had died from renal failure many
years ago. Patient I.1 had, according to his death certificate,
died from renal failure in 1940, at age 67. Whether he suffered
from acute or chronic renal failure is unclear. One of his sons,
II.6, had died in 1910 from acute renal failure when he was six
years old. Family member III.2 had died in 1965 at age 30
during pregnancy with a spontaneous abortion, followed by
acute renal failure and severe anemia. Although impossible to
prove, it can be assumed that at least the last two had suffered
from aHUS. Individual II-7, who transmitted the mutation to
the following generation, had died from heart failure.
Complement C3 levels are shown in Figure 3. Whereas C3
was normal in 13 healthy individuals and borderline in one, it
was reduced in seven carriers (including the index case) and at
the lower limit of normal in two other ones (mean value 66
mg/dl in carriers versus 113 mg/dl in others, P ⬍ 0.001). Serum
TCC levels were in the normal range in all family members
(mean value 8.4 g/ml in carriers, 15.7 g/ml in others, normal
range 2.5 to 53 g/ml).
Results of SNPs and risk haplotypes of the MCP and CFH
genes are shown in Tables 3 and 4. The MCP ggaac haplotype
has been identified as a susceptibility factor for aHUS (16). The
index patient V.16 was homozygous for this haplotype. Carriers IV.12, IV.14, IV.16, IV.21 and V.18 were heterozygous. The
CFH risk haplotype for aHUS is H3 (CFH gtgt) (17). The index
patient is heterozygous for the H4 haplotype (CFH gtag) and
for the H5 haplotype (CFH gcag) and does not carry the H3 risk
haplotype. Carriers III.9 and III.10 are homozygous for the H3
risk haplotype.

Discussion
In the present study, we report a large family with a gainof-function mutation in the C3 gene and a large spectrum of

Figure 2. Pedigree of the family.
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Table 2. Demographic data and clinical characteristics of individuals carrying the C3 R570Q mutation
Patient

Sex

Age

Serum
Creatinine
(mg/dl)a

eGFR
(ml/min/1.73m²)b

Urine
Abnormalities

Blood Pressure
(mmHg)

III0.7

F

79

1.27

41

150/90

ARB, CCB

III0.9
III0.10

F
F

64
77

0.85
1.57

67
32

180/90
130/80

ARB
ARB, Carvedilol

IV0.12

M

55

0.89

89

Microhematuria,
hyaline casts
Microhematuria
Microhematuria,
hyaline casts
None

160/110

ARB, BB,
Thiazide

IV0.14
IV0.16

M
F

41
52

1.17
0.78

70
78

110/75
145/90

None

IV0.21
V0.8
V0.16
V0.18

F
M
F
F

45
7
26
10

0.66

97

None
Microhematuria,
hyaline casts
Microhematuria

160/110

ARB

0.54

ESRD
153

160/110
110/80

ACAI, BB, CCB
None

None

Antihypertensives

a

Normal range 0.70 –1.20 mg/dl for males and 0.70-1.10 mg/dl for females.
Normal range 90 –120 ml/min/1.73 m².
V.16 is the index case.
eGFR was calculated using the modified MDRD formula in adults and the Schwartz formula in V.18.
Clinical data of V.8 are not available.
ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BB, beta blocker; ACEI, angiotensin converting enzyme
inhibitor.
b

Figure 3. Complement C3 serum levels of affected and unaffected family members.

renal disease from hypertension to atypical hemolytic uremic
syndrome.
The functional consequences of the complement C3 R570Q
mutation found in this family have been recently described
(12). The mutated C3 protein shows markedly reduced binding
to MCP (22% of normal binding), and therefore is cleaved and
inactivated only to a minimal extent and slowly by factor I
(reduction of cofactor activity ⬎90%). In addition, the mutated

molecule exhibits only 80% of wild-type binding to factor H. It
can be assumed that mutated membrane-bound C3b forms the
alternative pathway convertase C3bBb and causes uncontrolled
activation of the amplification loop. Such a mechanism is in
accordance with the reduced serum C3 levels observed in almost all carriers. The serum TCC levels did not differ between
carriers and healthy family members. Another report describes
a modest elevation of TCC levels in 17 patients suffering from
recurrent HUS (18). Whether these results were obtained during active disease or remission is not described. TCC measurements during the acute disease are, to our knowledge, not
available. In other glomerular diseases with complement activation, such as lupus nephritis, membranoproliferative glomerulonephritis type I or acute poststreptococcal nephritis, an increase in TCC in the blood is frequently found and correlates
with disease activity and glomerular TCC deposition (19 –22).
However, as serum TCC levels may not reflect tissue TCC
deposition, and due to the large normal range of our test, the
biologic relevance of the results in that family is uncertain.
Nonetheless, we propose that these individuals were able to
somehow control further activation of the terminal complement
pathway with its deleterious consequences. Hypothetically,
once this control mechanism is overcome, possibly during further complement activation by an infection, full-blown complement activation including the terminal pathway and aHUS can
occur. The urinary tract infection in the index case may have
caused such a chain of events. In support of this hypothesis,
two recent case reports describe effective treatment of aHUS
with eculizumab, a monoclonal antibody against C5 and
blocker of the terminal complement pathway (23,24).
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Table 3. Results of SNP and MCP risk haplotype analysis in carriers of the C3 R570Q mutation
SNP
Nucleotide
Patient
III.7
III.9
III.10
IV. 12
IV.14
IV.16
IV.21
V.16a
V.18
a

rs2796267
– 567 A⬎G

rs2796268
- 261 A⬎G

rs1962149
IVS9-78 G⬎A

rs859705
IVS12 ⫹ 638 G⬎A

AA
AA
AA
GA
GA
GA
GA
GG
GA

AA
AA
AA
GA
GA
GA
GA
GG
GA

GG
GG
GG
GA
GA
GA
GA
AA
GA

GG
GG
GG
nd
GA
GA
GA
AA
GA

rs7144
c.2232T⬎C
TT
TT
TT
TC
TC
TC
TC
CC
TC

V0.16 is the index patient. The MCPggaac haplotype is associated with increased susceptibility for aHUS.

Table 4. Results of SNP and CFH risk haplotype analysis in carriers of the C3 R570Q mutation
SNP
Nucleotide
Amino Acid
SCR

rs800292
c.184G⬎A
V26I
SCR1

rs1061170
c.1204T⬎C
Y402H
SCR7

rs3753396
c.2016A⬎G
Q672Q
SCR11

rs1065489
c.2881G⬎T
D936E
SCR16

Patient
III.7
III.9b
III.10b
IV.12
IV.14
IV.16
IV.21
V.16a
V.18

GG
GG
GG
GG
GG
GG
GG
GG
GA

TC
TT
TT
TT
TT
TT
TT
TC
TT

GA
GG
GG
GA
GA
GA
GA
AA
AA

TG
TT
TT
TG
TG
TG
TG
GG
GG

SCR, short consensus repeat.
a
V0.16 is the index patient.
b
Carriers homozygous for the risk haplotype H3 CFHgtgt.

The penetrance of aHUS in affected individuals is around
50% for mutation in the CFH, CFI, MCP and FB genes
(5,11,14,25). In this family, one of 10 carriers (excluding the
three individuals who died from renal failure years ago) developed aHUS, giving a penetrance of 10%. Whether such a low
penetrance is also a feature of families affected by other C3
mutations is presently unknown. However, it is still possible
that other carriers of that family may become affected in the
future. For early detection of such an event, all carriers were
advised to seek medical attention in case of infections or other
symptoms of disease, and to treat all infections with antibiotics.
Polymorphisms in the MCP and CFH genes predispose to
development of aHUS and affect disease severity (13,16,26,27).
The homozygosity for the MCP ggaac risk haplotype we identified in the index patient may have increased her susceptibility
to aHUS. On the other hand, she did not carry a CFH risk
haplotype. Two other carriers, however, 77 and 64 yr of age,
were homozygous for the CFH H3 susceptibility haplotype.

Therefore it could be that in carriers of the C3 R570Q mutation
the MCP risk haplotype may be a stronger susceptibility factor
compared with the CFH H3 risk haplotype. Transfection experiments of human embryonic kidney cells with genomic DNA
from individuals homozygous for the MCP ggaac haplotype
showed a 25% reduction of MCP transcription (16). In addition
to the low binding capacity of the mutated C3 to MCP, the
reduced transcription and surface expression of MCP may have
put the index patient at extreme risk for uncontrolled complement activation and aHUS.
Little attention has been paid in the past to the carriers of
mutations predisposing to aHUS without suffering from the
disease. Our studies in such individuals harboring the C3
R570Q mutation suggest that, apart from aHUS, this mutation
may possibly also be associated with other clinical symptoms.
We observed a high frequency of arterial hypertension in these
patients. Hypertension was quite severe with the need for
multiple antihypertensives in some individuals. In addition,
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the majority also presented with microhematuria. Furthermore,
GFR was markedly reduced in elderly affected family members. We hypothesize that low-grade complement activation in
the renal vessels over many years may cause vascular damage,
which in turn could explain the renal symptoms of these individuals.
A renal histology from one of the carriers with microhematuria or low eGFR would be very helpful to support our hypothesis. We considered a renal biopsy for scientific interest
only unjustified. Whether such clinical abnormalities can also
be found in carriers of other mutations associated with aHUS,
is presently unknown. We strongly recommend, however, that
a careful clinical investigation including BP measurement, urinalysis and determination of renal function be performed in
such individuals.
Are aHUS patients with C3 mutations candidates for plasma
exchange? Removal of the dysfunctional C3 molecule may have
a beneficial effect. However, membrane-bound abnormal C3,
which is responsible for alternative pathway activation, cannot
be eliminated by plasma exchange, and continued supplementation of C3 may enhance further complement activation. Our
patient made a complete recovery after the first attack of aHUS
while undergoing intensive plasma exchange, whereas the second attack caused irreversible renal failure despite such therapy. The major reason for the different outcomes probably was
the time interval between beginning of aHUS and start of
therapy. This period was only a few days at the first episode,
but two weeks at the second one, a time long enough to have
caused irreversible renal damage. Before plasma exchange, serum creatinine was 2.5 mg/dl at the first and 4.1 mg/dl at the
second attack. Further studies are needed to determine whether
plasma exchange has a positive effect on that condition.
In the initial report, eight out of 14 patients with C3 mutations and aHUS developed end-stage renal disease. In these
patients, 12 renal transplants were performed; recurrence of
disease was observed in five transplants. It seems that the
outcome of renal transplantation with regard to aHUS and C3
mutations is certainly better than for CFH and FI mutations, but
not as good as in patients with MCP mutations (14,28 –30).
Recently, promising results of combined kidney and liver transplantation have been reported in patients with factor H mutations, when performed in combination with preoperative
plasma exchange (31). In contrast to factor H, which is synthesized exclusively by the liver, about ten percent of C3 are
produced by other cells (32). A liver transplantation would
therefore reduce the proportion of mutated C3 from 50 to 5%.
Whether this reduction is sufficient to protect against recurrence of disease is unknown.
In summary, we report on a large family with 10 individuals
harboring the C3 R570Q complement C3 mutation. One of them
developed aHUS and end-stage renal disease. The mutation
probably also predisposes to arterial hypertension, hematuria
and chronic kidney disease. We suggest that all carriers of
mutations associated with aHUS be screened for these symptoms.
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