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Exceptional Cases

A novel deletion in the RCA gene cluster causes atypical hemolytic
uremic syndrome

Tara K. Maga1,2,*, Nicole C. Meyer1,*, Craig Belsha3, Carla J. Nishimura1, Yuzhou Zhang1

and Richard J. H. Smith1,2

1Department of Internal Medicine, Division of Nephrology and Department of Otolaryngology, Carver College of Medicine,
University of Iowa, Iowa City, IA, USA, 2Interdepartmental PhD Program in Genetics, University of Iowa, Iowa City, IA, USA and
3Department of Pediatrics, Saint Louis University School of Medicine, St Louis, MO, USA

Correspondence and offprint requests to: Richard Smith; E-mail: richard-smith@uiowa.edu
*Both authors contributed equally.

Abstract
Atypical hemolytic uremic syndrome (aHUS) is a complex
complement-mediated disease that progresses to end-stage
renal failure (ESRF) in 50% of cases. Dysregulation of the
alternative pathway (AP) of the complement cascade man-
ifests as microangiopathic anaemia and thrombocytopenia.
Multiple genes in the AP have been implicated in disease
pathogenesis. Here, we report the clinical presentation of
an affected patient that was inconsistent with genotype–
phenotype data for carriers of CD46 mutations. Tests of
AP function in this patient suggested additional genetic
factors, and in-depth studies revealed a de novo heterozy-
gous deletion that creates a novel CFH/CFHR1 fusion
protein.

Keywords: aHUS; complement; deletion; kidney transplantation

Background

Atypical hemolytic uremic syndrome (aHUS) is a rare renal
disease caused by mutations in several different comple-
ment genes. Included in this list are CFH, CFI, C3, THBD,
CFB and CD46. Phenotype–genotype studies have shown
that the initial clinical course of aHUS, as well as the like-
lihood of progression to end-stage renal failure (ESRF) and
prognosis for graft survival following renal transplantation,
is strongly correlated with the mutated gene.

Complement factor H (CFH), the primary regulator of the
alternative pathway (AP), is most frequently mutated, typic-
ally carrying missense mutations in the last two short con-
sensus repeats (SCRs) of this 20 SCR protein [1–3].
However, in addition to single base-pair mutations, non-
homologous allelic recombination (NHAR) between CFH
and the two immediate down-stream genes, complement
factor H-related 1 and 3 (CFHR), also causes aHUS. The
reported NHAR event creates a CFH/CFHR1 fusion protein
that includes the first 18 SCRs of CFH and the last two

SCRs of CFHR1 [4]. aHUS patients with CFH mutations
do poorly—60–70% progress to ESRF, and 70–90% lose
their allografts following transplantation [3].

Case report

A patient presented with a HUS-05a at 11 months of age
with pallor, lethargy and oliguria following several days of
fever and irritability. He was anaemic (haemoglobin,
7.4 gm/dL; hematocrit, 19.1%) and had schistocytes by
peripheral smear. Pertinent findings included the follow-
ing: platelet count, 141 K/mm3 (high); LDH, 5938 U/L
(high); BUN, 65 mg/dL (high); and serum creatinine,
1.5 mg/dL (high). Blood and protein were noted on urina-
lysis, stool was negative for Escherichia coli strain 0157:
H7, and serum C3, C4 and CH50 levels were normal
(109 mg/dL, 18.6 mg/dL and 43 U/mL, respectively).

Diagnosed with aHUS, the patient received red blood cell
transfusions, but within 3 days, marked thrombocytopenia
(30 K/mm3) necessitated q12h plasma infusions (10 mL/
kg). In this protocol, the platelet count (271 K/mm3) and
renal function (BUN, 24 mg/dL; creatinine, 0.6 mg/dL)
improved, but when infusions were discontinued, throm-
bocytopenia and hemolysis recurred. He was therefore
maintained on an every-third-day infusion regimen and re-
mained asymptomatic until age 15 months when a central
line infection triggered a fever and generalized seizures.
Two months later, aHUS again flared following an infec-
tion. Both episodes responded to more frequent infusions.

At age 21 months, an attempt to increase the interval
between infusions to 10 days was unsuccessful, and within
2 weeks, without signs of illness, a relapse occurred. Over
the next several years, the patient was maintained on infu-
sions 1–3 times per week. During this time, a partial gen-
etic work-up showed that CFH was normal, factor H
antibodies were absent and factor H serum levels were
normal.
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At age 6, a severe relapse of aHUS was triggered by Ser-
ratia marcescens sepsis. Fluid overload and respiratory
failure necessitated emergent intubation, mechanical venti-
lation and acute hemodialysis. At age 6.5 years, long-term
dialysis was initiated, and further genetic studies were re-
quested. The earlier genetic findings were confirmed, and
in addition, a mutation was identified in CD46.

Mutations in CD46 are generally associated with a
favourable course post-transplantation. At age 8, arrange-
ments for surgery were made, including native kidney
embolization to control hypertension. Post-embolization,
seizures and respiratory distress necessitated intubation.
The planned transplantation was halted and a genetic re-
evaluation was requested.

Materials and methods

Genomic analysis

Genomic DNAwas extracted from peripheral blood, and mutation screen-
ing of CFH, CFHR5, CFI, CD46, CFB, C3 and THBD was completed [3].

Functional assays
Fluid-phase AP activity assay. Fluid-phase AP activity was measured
with the Wieslab complement AP assay (Euro-Diagnostica, Westport, CT,
USA).

Cell surface AP activity. Cell surface AP activity was measured using a
sheep erythrocyte hemolytic assay [5].

Autoantibody assays
CFH autoantibodies. Autoantibodies to CFH were analysed by ELISA
[6].

Copy number variation

The possibility of copy number variation (CNV) was investigated by
multiplex ligation-dependent probe amplification (MLPA) across the
CFH–CFHR5 genomic region [7].

Breakpoint mapping

Genomic DNA was amplified with primers spanning the deletion using
Takara Long Range polymerase (Fischer Scientific, Pittsburgh, PA, USA).

Fig. 1. A novel CFH/CFHR1 fusion protein is created in this patient by NAHR. (A) MLPA determination of copy number over the CFH–CFHR region
identified a deletion beginning before CFH SCR 20 (encoded by CFH exon 22) and ending after CFHR1 SCR4 (encoded by CFHR1 exon 5). MLPA
probes are represented by diamonds; boxes show SCRs and lines between the boxes represent either introns or intergenic sequence (not to scale). (B)
The resulting fusion protein comprised SCRs 1–19 of CFH and SCR 5 of CFHR1. (C) Nuclear family showing the segregation of the CD46 c.1058C>
T, p.A353Vand the de novo NAHR event. (D) Western blotting of CFH using a polyclonal CFH antibody against sera from the patient (P) and a control
(C) resolves bands of equal intensity and does not identify additional CFH bands in the patient.

740 T.K. Maga et al.



Western blot

Diluted patient and control sera were run on an SDS–PAGE gel and blot-
ted with a polyclonal sheep anti-human CFH antibody (Abcam, Cat #
ab8842-1) (dilution 1:1000) using a standard protocol.

Results

Genetic analysis

A heterozygous missense mutation c.1058C>T (p.A353V)
was found in CD46 (MCP). This variant is a rare SNP
(rs35366573) previously observed in aHUS patients [8].
It was not detected in 176 ethnically matched healthy
controls.

Functional assays

Fluid-phase AP activity was normal. The hemolytic
assays showed complete hemolysis (cell surface AP
dysregulation).

Autoantibody assays

CFH autoantibodies were absent.

Copy number variation

MLPA amplification from exon 22 (encoding SCR20) of
CFH to exon 5 (encoding SCR4) of CFHR1 revealed
one copy of this genomic interval (Figure 1A). Flanking
probes detected two copies of CFH up to and including
exon 21 (encoding SCR19) and two copies of CFHR1 be-
ginning at exon 6 (encoding SCR5) and extending distally.
No other deletions of the CFHR region were detected. Our
screen of other aHUS patients identified one additional pa-
tient with this rearrangement (2/150, 1.5%). It was not
seen in 720 control chromosomes.

Breakpoint mapping

The breakpoint of this deletion is between the last SNP of
CFH in intron 21 and the first SNP of CFHR1 in intron 5.
Between these SNPs are 118 nucleotide bases, which place
the exact breakpoint between chr1 bp 84 717 and
84 835 bp. This NAHR event creates a novel hybrid
CFH/CFHR1 protein (Figure 1B). Haplotype segregation
in the family identified this rearrangement as a de novo
NAHR event (Figure 1C). To rule out the possibility of a
truncated protein, we performed a western blot with patient
and control sera, which showed no size differences in CFH
(Figure 1D).

Discussion

The clinical course of this patient was more severe than
expected for CD46 mutation carriers [9]. In addition, func-
tional assays using patient serum showed cell surface AP
dysregulation, which is not consistent with a CD46 muta-
tion. Extensive MLPA assays demonstrated a novel de

novo CFH/CFHR1 hybrid protein. We characterized this
rearrangement (Maga–Meyer deletion) and demonstrated
that the created fusion protein is comprised of amino
acids encoded by CFH exons 1–21 and CFHR1 exon
6. Because CFH exon 21 and CFHR1 exon 5 encode
identical proteins, the Venables deletion and this deletion
produce identical fusion proteins despite differing NAHR
sites [4].

Our finding is noteworthy for two reasons. First, it sug-
gests that NAHR may be a more common cause of aHUS
than suspected, especially given the high homology be-
tween factor H-related family members (95% at nucleotide
level). Second, this finding is of clinical relevance because
it predicts a poor outcome for this patient following renal
transplantation unless adjuvant eculizumab therapy or
combined hepato-renal transplantation is considered [10].

In conclusion, this case highlights the importance of
diligent genetic testing and the careful interpretation of
genetic data in the context of the clinical presentation in
patients with aHUS.
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