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BSTRACT"®
We report the first case of familial C3 glomerulonephritis (C3GN)
associated with mutations in the gene for complement factor B
(CFB). A 12-year-old girl was diagnosed with biopsy-proven
C3GN. Her mother had a history of treatment for membrano-
proliferative glomerulonephritis, and her brother had hypo-
complementemia without urinary abnormalities. DNA analysis
revealed heterozygosity for CFB p.S367R in the patient, mother
and brother. Evaluation of the structure-function relationship
supports that this mutation has gain-of-function effects in CFB.
The present case suggests that CFB has an important role in the
etiology of C3GN and provides a new insight into anticomple-
ment therapy approaches.

Keywords: C3 glomerulonephritis, complement alternative
pathway, complement factor B, genetic mutation

ACKGROUND

C3 glomerulonephritis (C3GN) is a recently described disorder
that results from dysregulation of the complement alternative
pathway (AP) and is typically characterized by dominant C3 de-
position with an absence or paucity of immunoglobulin depos-
ition measured by immunofluorescence (IF) [1-6].

The continuous low-level activation of AP in plasma is
tightly regulated by activating and regulatory complement pro-
teins such as complement factor B (CFB), complement factor
H (CFH), complement factor I (CFI) and membrane cofactor

protein (MCP). CFB, a key molecule that activates the early
stages of AP, is cleaved by complement factor D (CED) into
two fragments: Ba and Bb. Bb, a serine protease, then combines
with C3b to generate C3 convertase, leading to the generation of
a membrane attack complex. The causes of AP dysregulation in
previous reported cases of C3GN include mutations in comple-
ment genes and autoantibodies that stabilize C3 convertase, or
autoantibodies that affect pathway inhibition [4-6].

Here, we report a case of familial C3GN associated with
mutations in the CFB genes. To the best of our knowledge, this
is the first case report that demonstrates the involvement of
CFB in the etiology of C3GN.

A 9-year-old girl was found to have proteinuria and hematuria
during the Japanese school urinary screening system in May
2009. At the initial visit to a local hospital, her serum C3 level
was low at 5 mg/dL (normal range, 65-135 mg/dL). In April
2012, at the age of 12 years, she developed massive proteinuria
with gross hematuria and was referred to our hospital.

She had no symptoms at admission, and physical examin-
ation revealed no edema. Laboratory investigation on admission
was as follows: serum total protein, 5.05 g/dL; serum albumin,
2.30g/dL and serum creatinine, 0.43 mg/dL. By urinalysis,
protein excretion was 2.1 g/day. Immunological evaluation was
as follows: C3, 15 mg/dL; C4, 16 mg/dL (normal range, 13-35
mg/dL); hemolytic complement activity (CH50), 19 U/mL
(normal range, 30-45 U/mL) and antinuclear antibody titer,
<20-fold. Soluble C5b-9 was markedly elevated at 1.61 mg/L

© The Author 2015. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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compared with normal healthy controls (0.87 +0.22 mg/L, n=5).
Levels of soluble C5b-9 were determined by using a BD OptEIA™
human C5b-9 ELISA Set (BD Biosciences, San Diego, CA).

A kidney biopsy was performed and light microscopy
showed membranoproliferative glomerulonephritis (MPGN);
global mesangial proliferation and segmental endocapillary
proliferation with lobular formation and remarkable double
contour of glomerular basement membrane (Figure 1). IF
analysis revealed dominant C3 deposition with an absence of
immunoglobulin deposition, and electron microscopy demon-
strated subendothelial, mesangial and intramembranous elec-
tron-dense deposits. She has been treated with drugs including
steroid and cyclosporine for 2 years, and has now achieved
partial remission with u-P/Cr of 0.2 g/g Cre and no hematuria
despite persistent low C3 levels.

Regarding the family history, her mother was diagnosed
with MPGN type I (IF findings were not available) in her
teenage years, but she had discontinued periodic examination
18 years ago. Recent urinalysis of the mother showed moderate
proteinuria with u-P/Cr of 0.5 g/g Cre without hematuria, and
laboratory investigation showed hypocomplementemia (C3,
15 mg/dL) with normal kidney function. Her elder brother
also had hypocomplementemia (C3, 24 mg/dL), but no urine
abnormalities. Her father and younger sister had normal urin-
alysis and complement levels.

DNA ANALYSIS

DNA analysis was performed under written informed consent
and approval of the ethics committee of Nara Prefectural
Medical University, Nara, Japan, and the National Cerebral
and Cardiovascular Center, Osaka, Japan. All exons of genes
that encode the molecules regulating AP, C3, CFB, CFH, CFI,
MCP and THBD were analyzed by direct sequencing of ampli-
fied genomic DNA obtained from a whole blood sample of the
patient [7]. DNA analysis demonstrated heterozygous p.S367R

in the CFB gene, p.R201S in the CFI gene and p.V916l in the
C3 gene (Figure 2A). polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) analysis of the
family members revealed CFB p.S367R in the patient’s mother
and elder brother, CFI p.R201S in her mother and younger
sister and C3 p.V916l in her father (Figure 2B).

ISCUSSIO

Here, we describe two cases of C3GN and one case of hypo-
complementemia without urine abnormalities that occurred
within a family, in which CFB p.S367R was considered to con-
tribute to the dysregulation of AP.

It is highly likely that p.S367R causes a gain of function in
CEFB through a structure-function relationship. The p.S367R is
located in a von Willebrand factor type A (VWfA) domain of the
catalytic subunit Bb of CFB. In vitro experimental data demon-
strated a strong association between mutations in the vWfA
domain and gain of function in CFB through the promotion of
high-affinity C3 binding [9]. In atypical hemolytic uremic syn-
drome, which also results from the dysregulation of AP, a recent
report of functional analysis of CFB mutations revealed that six
genetic changes which were concluded to have relevance to
disease were all located in the vWfA domain of CFB, suggesting
that this domain plays an important role in CFB function [8].
Additionally, structural evaluation demonstrates that p.S367R is
located close to p.K323E/Q, one of the mutations that causes
CFB gain of function as demonstrated by surface plasmon reson-
ance analysis (Figure 2C) [8]. The p.K323E/Q showed increased
resistance to inactivation of C3 convertase by CFH, and a similar
functional consequence is considered for p.S367R [8].

In this study, CFB p.S367R was present concurrent with
two other genetic changes, CFI p.R201S and C3 p.V916I, in
the patient and in various combinations in family members;
however, we speculate that these additional two genetic
changes are not associated with potential disease relevance.

FIGURE 1: Histological findings of the patient. Light microscopy shows global mesangial proliferation and segmental endocapillary
proliferation with lobular formation and remarkable double contour of glomerular basement (PAM, magnification x400; left panel). IF shows
dominant C3 deposition in the mesangium and along the capillary walls with negative immunoglobulin deposition (middle panel). Electron
microscopy shows remarkable subendothelial electron-dense deposits (asterisk) and mesangial electron-dense deposits (black arrows). Mesangial
interposition (white arrows), double contour of glomerular basement membrane and endocapillary hypercellularity are observed (right panel).
These findings indicate C3GN rather than dense-deposit disease, because electron-dense deposits were mainly observed not within the
glomerular basement membrane but in the subendothelial and mesangial areas, while ribbons of electron-dense transformation of glomerular

1

basement membranes are not found.
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FIGURE 2: DNA analysis of the patient and family members and structural evaluation of CFB S367R. (A) Direct sequencing of patient
genomic DNA shows heterozygous p.S367R (c.1099 A>C) in exon 8 of the CFB gene, p.R201S (¢.603 A>C) in exon 4 of the CFI gene and p.
V9161 (c.2746 G>A) in exon 21 of the C3 gene. The Met encoded by the translation initiation site (start codon) is numbered as residue 1. Upper
row: mutant type, lower row: wild type. (B) PCR-RFLP analysis of family members shows CFB p.S367R in the mother and elder brother, CFI
p-R201S in the mother and younger sister and C3 p.V916I in the father. P, patient; F, father; M, mother; B, elder brother; S, younger sister; WT,
wild type; He, heterozygous. (C) Visualization of the complex of CFB, CFD and C3b. The figure was prepared using PyMOL (www.pymol.org).
Each molecule is represented as follows: CFB, gray; CFD, yellow; C3b, cyan and p.S367R, red sphere. p.S367R is not located attached to CFD

or C3b but rather on the surface of CFB and close to p.K323E/Q (blue sphere), of which the gain of function of CFB was proven by surface
plasmon resonance analysis in a previous report [8]. p.K323E/Q was described as p.K298E/Q in the original article, with the notation using

the nomenclature system of mature proteins.

First, the mutations of p.R201S and p.V916I had no impact on
the phenotype of her sister and father, respectively. Second, al-
though p.R201S was detected in the patient and her mother,
both of whom had C3GN, p.R201S is a polymorphic allele
found in Far East populations, with a frequency of about 0.03
in Japan [10]. However, functional assays of mutant CFB, CFI
and C3 to assess their involvement in the activation of AP are
required to prove a detailed etiological mechanism.

Some limitations exist in this study. C3NeF and other auto-
antibodies were not investigated; these autoantibodies may
also be associated with our cases, concomitant with CFB muta-
tions. Although low C3 levels and elevated soluble C5b-9
levels indicate continuous activity of the AP, detailed comple-
ment investigations (e.g. the measurement of Ba, Bb, C3a, C3d
and Cb5a) are required to clarify the complement activation
mechanisms more precisely.

In conclusion, this study suggests that CFB has a critical
role in AP in the pathogenesis of C3GN and expands our un-
derstanding of the genetic factors conferring predisposition to
C3GN and supports the development of anticomplement ther-
apies, including those targeting CFB activation.
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Introduction

Hemolytic uremic syndrome (HUS) is a life-threatening
disease, characterized by microangiopathic hemolytic ane-
mia, destructive thrombocytopenia, and renal failure [1].
Most HUS occurs in association with Shiga toxin-produc-
ing Escherichia coli (STEC) infection [2]. Patients with
STEC-HUS generally recover with fluid therapy and he-
modialysis. Mortality is high among STEC-HUS patients
with encephalopathy, despite treatments including plasma
exchange, steroid pulse, and more recently eculizumab
[3]. In recent STEC outbreaks in the United States

208

Key Clinical Message

We report a 14-year-old girl, who developed shigatoxin-producing E. coli
(STEC)-HUS complicated by encephalopathy. She was successfully treated with
hemodiafiltration, high-dose methylprednisolone pulse therapy, and soluble
recombinant thrombomodulin under plasma exchange. von Willebrand factor
multimers analysis provides potential insights into how the administered thera-
pies might facilitate successful treatment of STEC-HUS.

Encephalopathy, Escherichia coli O111, hemolytic uremic syndrome, plasma
exchange, recombinant soluble thrombomodulin, von Willebrand factor.

(STEC-O111) and Germany (STEC-O104) in 2008 and
2011, respectively [4, 5], STEC-HUS incidence and mor-
tality were 16.7% and 3.8% and 22% and 3.7%, respec-
tively.

In 2011, an outbreak of STEC-O111 and/or -O157
infection in Toyama, Japan occurred following raw meat
ingestion in a barbecue restaurant chain. Overall, 181
patients were infected, of whom 34 developed STEC-HUS
(18.8%) including 21 with encephalopathy (61.8%) and
five deaths (14.7%; all with encephalopathy) [6-8]. Ten
STEC-HUS patients were aged 1-14 years, including eight
with encephalopathy [7]. Seven children including five

© 2015 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.
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distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.



N. Yada et al.

with encephalopathy recovered and three died [7]. We
report clinical and laboratory findings for a 14-year-old
girl in the Toyama series with STEC-HUS and encepha-
lopathy.

Case Report

In April 2011, a 14-year-old girl ingested raw meat in a
barbecue restaurant in Toyama, and then traveled to
Osaka. Bloody diarrhea developed 5 days later. At a local
hospital, levofloxacin was prescribed without improve-
ment. Six days later after raw meat ingestion, she was
transferred to Yodogawa Christian hospital. Almost
simultaneously, multiple outbreaks of hemorrhagic
enterocolitis due to STEC: O111 (producing both shiga-
toxin-1 and -2) were reported from several hospitals
around Toyama. All affected patients had eaten raw meats
in the same chain restaurants around Toyama. Admission
laboratory findings included: white blood cell (WBC)
[24,700/pl], red blood cell (RBC) [5.28 x 10°/uL], hemo-
globin (Hb) [16.7 g/dL], platelet [143 x 10%/uL], C-reac-
tive protein (CRP) [3.55 mg/dl], lactate dehydrogenase
(LDH) [227 TU/L], blood urea nitrogen (BUN) [15.6 mg/
dL], creatinine (Cr) [0.69 mg/dL], normal hemostatic
tests, proteinuria, and no hematuria. Stool cultures
showed normal flora, stool shigatoxin stool was negative,
and both the antigens of STEC:0111 and 0157 in stool
were negative.

On day 3, the patient developed anemia (RBC
[2.63 x 10/uL], Hb [8.2 g/dL], LDH [1148 IU/L], hap-
toglobin [8 mg/dl], and thrombocytopenia [12,000/ul],
with an increase in BUN [26.6 mg/dL] and Cr [1.06 mg/
dL] as shown in Figure 1). Schistocytes were seen in the
peripheral blood smear. Plasma ADAMTS13 activity levels
were 43% of normal. The patient became anuric and
comatose (Glasgow Coma Scale [GCS] 14). Continuous
hemodiafiltration was initiated with plasma exchange. On
day 5, pleural effusions developed, respiratory function
worsened, and consciousness deteriorated further. Intuba-
tion was performed. Brain magnetic resonance imaging
showed high intensity areas in the bilateral thalamus and
basal ganglia, and part of the pontine tegmentum on T2
FLAIR images (Fig. 1 Inset). Acute encephalopathy devel-
oped. STEC-HUS was diagnosed. High-dose methylpred-
nisolone pulse therapy [500 mg/day] for days 5-7 was
administered. On day 6, serum antibodies to STEC:O111
antigen were noted. On day 9, hemolysis worsened,
whereas severe thrombocytopenia persisted. Plasma
exchange was increased to twice daily. A second 3-day
course of a high-dose methylprednisolone pulse therapy
was administered. Gabexate mesilate, a synthetic anticoag-
ulant was administered. Serum levels of fibrin/fibrinogen

© 2015 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

Therapy of STEC-HUS with encephalopathy

degradation product (FDP) and thrombin—antithrombin
complex (TAT) increased to 120 ug/mL and 24.3 ng/mL,
respectively.  Soluble recombinant thrombomodulin
(130 units/kg/day) was infused during days 9-14. Clinical
and laboratory findings subsequently improved, including
thrombocytopenia, hemolysis, and renal function (Fig. 1).
Extubation occurred on day 22. Plasma exchange was
tapered, and discontinued on day 24. After rehabilitation,
the patient was discharged without appreciable sequelae
on day 64.

Retrospective analyses of stored plasma samples were
performed. Plasma samples from admission showed that
levels of the following cytokines were not elevated: inter-
leukin (IL)-6 [4 pg/mL (normal: <4)], IL-8 [59 pg/mL
(normal: <2)], and tumor necrosis factor (TNF)o [12 pg/
mL (normal: <15)]. In contrast, plasma samples from
admission identified elevated levels of neopterin
[98 nmol/L (normal: <5)], soluble form TNF receptor
type I (sTNF-RI) [13,200 pg/mL (normal: 484-1407)],
sTNF-RII [18,300 pg/mL (normal: 829-2262)], and tau
protein [344 pg/mL (normal: undetectable)]. Plasma sam-
ples from day 3 identified reduced plasma ADAMTSI3
activity (43%) levels and high levels of plasma VWF anti-
gen levels (605% of normal).

Retrospective analysis of plasma VWF multimer pat-
terns using citrated plasma samples (frozen at —80°C)
was also performed (Fig. 2). During the acute phase, no
high-to-intermediate sized VWF multimers were identi-
fied in samples taken three and 13 days prior to initiation
of plasma exchange. After each plasma exchange, VWF
multimer patterns were present, although high-sized VWF
multimers continued to be absent. Plamsa exchange was
performed once or twice daily until day 20, then tapered,
and discontinued on day 24. UL-VWF multimers
appeared in plasma at days 21 and 24, and disappeared at
day 61 just before discharge. At discharge, plasma levels
of VWF and ADAMTS13 had returned to almost normal
ranges.

Discussion

We report a patient with STEC-HUS, mild-to-moderate
reduction of plasma ADAMTSI3 activity, and increased
plasma levels of VWF antigen. Despite persistent throm-
bocytopenia in the acute phase, VWF multimers were
degraded on one occasion and highly multimerized on a
different occasion. Therapy with continuous hemodiafil-
tration, high-dose methylprednisolone pulse therapy and
soluble recombinant thrombomodulin was successful and
the patient was discharged without any deficits. In
explaining our findings, several factors should be consid-
ered.
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Figure 1. Clinical course in a 14-year-old girl with STEC-HUS complicated by acute encephalopathy after admission.

First, identification of UL-VWF multimers in this patient
differs from the VWF pattern usually seen with STEC-HUS
where the multimers are usually depleted. UL-VWEFMs,
stored in Weibel-Palade bodies (WPBs) of vascular endo-
thelial cells, are released upon stimulation by inflammatory
cytokines, such as IL-6, IL-8, and TNFo [9]. Likewise, UL-
VWEMs are released into the circulation by injured vascu-
lar endothelial cells. On admission, plasma levels of cyto-
kines including IL-8, neopterin, TNF-RI and RII, and tau
protein were high, indicating vascular injury, inflamma-
tion, and neurological cell damages [6]. Also, the B-subunit
of shigatoxin-1 and -2, both AB5-holotoxins, binds to
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globotrialosyl ceramide (Gb3) by which UL-VWEMs are
released from Weibel-Palade bodies [10]. Shigatoxin binds
to Gb3, internalizes, and blocks protein synthesis by attach-
ment to ribosomal RNA. Shigatoxin also directly enhances
platelet aggregation under high and low shear stress at very
low concentrations [11]. Thus, in our patient, UL-VWEM,
may have been released excessively from activated vascular
endothelial cells, was involved in platelet thrombi forma-
tion, and then was consumed by proteases released from
platelets and/or leucocytes.

Second, our findings may explain how plasma exchange
may have had therapeutic benefit in this patient. In par-

®© 2015 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.
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UL-VWFM
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Hospital days  np 3 4 8
VWF antigen (%) 605 224 447
ADAMTS13 activity (%) 43 81 47

Figure 2. Change of VWF multimer patterns during the acute phase.

ticular, plasma exchange might work bifunctionally: one
effect was to reduce concentrations of various cytokines,
UL-VWEM, and shigatoxin, and the other effect was to
supply normal VWFM (for hemostasis). During the acute
phase of STEC-HUS, the STEC vigorously produces shi-
gatoxin, which consistently activates platelets, even at low
concentrations (pg/ml). So, plasma exchange alone for
STEC-HUS is likely to be inefficient, unless shigatoxin
function is blocked. Hence, in addition to basic support-
ive therapy for STEC-HUS such as dialysis and fluid ther-
apy, cytokine adsorption is favorable, and high-dose
methylprednisolone pulse therapy might suppress cyto-
kine production [12].

Third, in comparison to previous reports, the occur-
rence of acute encephalopathy associated with STEC-HUS
in Toyama was high, and the deceased cases had encepha-
lopathy. This toxicity is attributable to brain edema, pre-
sumably due to increased vascular permeability and/or
severe vascular endothelial cell injuries mediated by shiga-
toxin itself and cytokines, yet the mechanism is not fully
understood [13]. Strains of STEC:0111 isolated in Toy-
ama predominantly produced shigatoxin-2, which is more
toxic than shigatoxin-1. However, a peculiar MRI finding
on high intensity areas, often symmetrical in thalamus,
basal ganglia, and pontine tegmentum, has not been
favorably addressed [14].

Fourth, common therapeutic features on seven survived
childhood patients in Toyama included continuous
hemodiafiltration, high-dose methylprednisolone pulse
therapy, and recombinant thrombomodulin. High-dose
intravenous immunoglobulin infusion was administered
to six of the seven survivors. Administration of recombi-
nant thrombomodulin may have been particularly impor-
tant, as this drug has been available in Japan as treatment
for disseminated intravascular coagulation (DIC) since
2008 [15]. Recombinant thrombomodulin is a multifunc-
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tional protein. A lectin-like domain directly absorbs and
neutralizes high mobility group box1 (HMGB1), which is
a pro-inflammatory cytokine that acts as a lethality factor
when endotoxin shock occurs [16]. Also, EGEF-like
domains 4-6 of the recombinant thrombomodulin can
bind thrombin and inactive the catalytic activity of
thrombin. The thombin-recombinant thrombomodulin
complex can accelerate activation of protein C and
thrombin activatable fibrinolytic inhibitor (TAFI) to acti-
vated protein C and TAFIa, respectively. In turn, activated
protein C generates anticoagulant action via inactivation
of Va and VIIla and TAFIa suppresses complement acti-
vation via inactivation of C3a and C5a [15]. As the action
of recombinant thrombomodulin on platelets remains
unclear, we are unable to directly address how recombi-
nant thrombomodulin can resolve STEC-HUS. There are
at least two possibilities: one is direct inhibitory activity
to platelet aggregation, and the second is to block fibrin
clot formation over platelet thrombi, as suggested by sig-
nificant increases of FDP and TAT during the clinical
course before recombinant thrombomodulin is adminis-
tered.

In conclusion, we report a novel therapy for STEC-
HUS. VWF-dependent hemostatic defect that is generated
in STEC-HUS appears to have been restored by plasma
exchange. Hypercoagulability, presumably induced by shi-
gatoxin or cytokine storms, appears to have been sup-
pressed with high-dose methylprednisolone pulse therapy
and recombinant thromobomodulin.
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