
BRIEF REPORT

Thrombotic microangiopathy without renal involvement: two
novel mutations in complement-regulator genes

F . PEYVANDI ,*† R . ROSS IO ,* B . FERRAR I , * L . A . LOTTA ,* S . PONT IGG IA ,* N . GHIR INGHELL I

BORSA ,‡ M. P IZZUT I ,§ R . DONADELL I , ¶ R . P IRAS , ¶ M. CUGNO*† and M. NORIS ¶
*Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Angelo Bianchi Bonomi Hemophilia and Thrombosis Centre; †Department of

Pathophysiology and Transplantation, Universit�a degli Studi di Milano, Milan, Italy; ‡Molecular Otolaryngology and Renal Research

Laboratories, University of Iowa, Iowa City, IA, USA; §Unit of Hematology, San Carlo Hospital, Potenza; and ¶IRCCS – Istituto di Ricerche

Farmacologiche “Mario Negri”, Clinical Research Center for Rare Diseases “Aldo e Cele Dacc�o”, Ranica, Bergamo, Italy

To cite this article: Peyvandi F, Rossio R, Ferrari B, Lotta LA, Pontiggia S, Ghiringhelli Borsa N, Pizzuti M, Donadelli R, Piras R, Cugno M, Noris

M. Thrombotic microangiopathy without renal involvement: two novel mutations in complement-regulator genes. J Thromb Haemost 2016;

14: 340–5.

Essentials

� The differential diagnosis among thrombotic microan-

giopathies (TMAs) is challenging.

� We studied a case of TMA with neurologic symptoms, no

renal impairment and normal ADAMTS-13 levels.

� Two novel mutations in complement factor I and

thrombomodulin genes were identified.

� Complement-regulator genes can be involved in TMAs

with normal ADAMTS-13 regardless of renal damage.

Summary. Background: Thrombotic microangiopathies

(TMAs) often represent a challenge for clinicians, because

clinical, laboratory, and even genetic features are not

always sufficient to distinguish among different TMAs.

Objectives: The aim of this study was to investigate the

pathogenetic mechanisms underlying an acute case of

TMA with features of both thrombotic thrombocytopenic

purpura (TTP) and atypical hemolytic uremic syndrome

(aHUS). Patients/Methods: We report the case of a

49-year-old woman who developed an acute TMA with

neurologic involvement and no renal impairment.

ADAMTS-13, von Willebrand factor, and complement-

system biochemical characterization was performed on

acute phase samples. Exome sequencing and direct Sanger

sequencing of previously aHUS-associated genes were

performed. The functional consequences of the thrombo-

modulin (THBD) mutation were investigated by in vitro

expression studies. Results: Despite a clinical diagnosis of

TTP, the patient had normal ADAMTS-13 levels and

increased VWF antigen levels with ultra-large von Wille-

brand factor multimers. C3, C4, and complement factors

H and I (CFI) were normal. Molecular analysis confirmed

two novel heterozygous mutations in CFI (c.805G>A,

p.G269S) and THBD (c.1103C>T, p.P368L), and in vitro

expression studies showed a reduction in the generation

of activated thrombin-activatable fibrinolysis inhibitor

(TAFIa) caused by mutated THBD. This proinflamma-

tory condition, associated with the p.G269S mutation in

CFI, probably leads to a complement-mediated endothe-

lial activation, with a relevant prothrombotic potential in

case of transient environmental triggers. Conclusions: This

study identified the first case of acute TMA without renal

involvement but with neurological damage carrying two

novel mutations in complement-regulator genes, highlight-

ing the possible role of the complement system as a com-

mon pathogenetic mechanism in TMAs.

Keywords: ADAMTS-13 protein human; atypical hemolytic

uremic syndrome; complement factor I; thrombomodulin;

thrombotic thrombocytopenic purpura.

Introduction

Thrombotic microangiopathies (TMAs) are life-threaten-

ing diseases characterized by widespread microvascular

thrombosis. The clinical distinction between the two main

TMAs, thrombotic thrombocytopenic purpura (TTP) and

hemolytic uremic syndrome (HUS), is based on predomi-

nant neurological involvement in TTP and more severe
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renal injury in HUS [1]; however, this distinction does

not seem to be accurate. The pathogenetic roles of the

von Willebrand factor (VWF)-cleaving protease

ADAMTS-13 in TTP [2] and of complement dysregula-

tion in atypical HUS (aHUS) [3] have helped the differen-

tial diagnosis but not in all cases. Severe ADAMTS-13

deficiency is consistent with a diagnosis of TTP but also

has been demonstrated in aHUS patients [4]. In addition,

almost 20–30% of TTP patients have mild-to-moderate

ADAMTS-13 reduction or even normal levels [5–8].
Therefore, currently used clinical criteria and laboratory

criteria (i.e., pretreatment ADAMTS-13 activity levels)

may not be sufficient to distinguish TTP from aHUS.

The diagnostic challenge is made even more problematic

by the increasing evidence of complement involvement in

TTP [9–12]. Even genetic analysis is not invariably diag-

nostic: mutations in the genes encoding alternative com-

plement pathway proteins are detectable only in half of

aHUS patients [13] and have been recently reported in

ADAMTS-13-deficient TTP [14,15].

We hereby report the remarkable case of a patient with

clinical features of TTP (neurological signs, no renal

involvement) and genetic features of aHUS (mutations in

complement-related genes), which might open new hori-

zons in the future approach to TMAs.

Methods

In March 2005, a 49-year-old woman presented to her

local emergency department with confusion, fever, epigas-

tric pain, and vomiting, following a flu-like syndrome.

Neither relevant medical history nor drug use was

reported. Laboratory analyses showed thrombocytopenia

(platelets 46 9 109 L�1) and Coombs-negative hemolytic

anemia (hemoglobin 8.3 g dL�1, lactate dehydrogenase

1112 U L�1, total bilirubin 1.7 mg dL�1, haptoglobin

0.1 mg dL�1), with schistocytes in peripheral blood

smear. There was no apparent sign of renal involvement

(glomerular filtration rate 107 mL min 1.73 m�2, normal

urinalysis, negative 24-h proteinuria). A diagnosis of idio-

pathic TTP (based on thrombocytopenia, microangio-

pathic hemolytic anemia, and neurological injury without

renal dysfunction) was made and remission achieved after

six plasma-exchanges. Since then, the patient remains

relapse free.

Complete ADAMTS-13, VWF, and complement-sys-

tem biochemical characterization was performed in our

center on acute phase samples collected before any

plasma treatment.

ADAMTS-13 activity was measured using both collagen

binding assay (CBA) and fluorescence resonance energy

transfer (FRET) assay, ADAMTS-13 antigen level was

measured by ELISA, and anti-ADAMTS-13 antibodies were

measured by Western blotting, as previously described

[16,17]. VWF:Ag was quantified by using ACL TOPTM

Hemostasis Testing System (Instrumentation Laboratory,

Badford, MA, USA) with pooled normal plasma. The

multimeric pattern of plasmatic VWF was analyzed via

sodium dodecyl sulfate agarose gel electrophoresis fol-

lowed by luminographic visualization of multimers [18].

Complement system activity was evaluated in serum

samples by using ELISA (Wieslab complement assay,

EuroDiagnostica, Malm€o, Sweden). Concentrations of the

complement system components C3 and C4 and factor H

were measured by radial immunodiffusion using commer-

cial methods. The concentration of complement factor I

(CFI) in plasma was measured using an ELISA kit (Uscn

Life Science Inc., Houston, TX, USA) according to the

manufacturer’s instructions. Autoantibodies directed

against human factor H were assayed by means of an in-

house ELISA method that used purified factor H for cap-

ture and antihuman immunoglobulin G (IgG), A (IgA),

and M (IgM) for detection [19].

Exome sequencing was performed on an Illumina

HiSeq 2000 (Illumina, Inc., San Diego, CA, USA), and

variants were annotated using dbSNP139 and the Exome

Variant Server, while missense mutations were annotated

on software that predicts their functional impact, includ-

ing SIFT and PolyPhen-2. All coding sequences and

intron–exon boundaries of previously aHUS-associated

genes CFH, CFI, CD46, CFB, THBD, and C3 were also

analyzed by direct Sanger sequencing (Applied Biosystem,

Foster City, CA, USA).

To evaluate the functional consequences of the throm-

bomodulin (THBD) mutation, pCMV6-entry vectors (Ori-

gene, Rockville, MD, USA) containing wild-type or

mutated THBD cDNA were stably transfected into

HEK293 cells. Transfections into HEK293 cells were per-

formed with Lipofectamine 2000 (Thermofisher-Invitro-

gen, Carlsbad, CA, USA) and selection of transfected

stable cells was achieved with 0.5 g L�1 neomycin (G418;

Invitrogen) after 4 weeks. To confirm the equal expres-

sion of recombinant thrombomodulin, both flow cytome-

try (Abcam, Cambridge, UK) and ELISA (FACSAria, BD

Biosciences, San Jose, CA, USA) detection of the mem-

brane protein were performed. The expression of throm-

bomodulin by FACS was evaluated by incubating the

cells with monoclonal mouse antibody against thrombo-

modulin (R&D systems, Inc., Minneapolis, MN, USA)

followed by incubation with the secondary AlexaFluor

488 goat antimouse IgG (Invitrogen). To determine the

concentration of thrombomodulin by ELISA (Abcam,

Cambridge, UK), membrane proteins were extracted from

cell pellets using the Subcellular Protein fractionation kit

(Thermo Scientific, Rockford, IL, USA). Total protein

concentration in membrane fractions was quantified by

using the Bradford assay (BioRad, Hercules, CA, USA).

Equal amounts of total membrane proteins were used to

determine the THBD concentration. As negative control,

HEK293 untransfected cells were used. Cells expressing

equal amounts of wild-type or mutant THBD were

incubated with 20 lg mL�1 of thrombin-activatable
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fibrinolysis inhibitor (TAFI) (Haematologic Technologies

Inc., Essex Junction, VT, USA) and 4 U mL�1 of throm-

bin. The proteins were analyzed by Western immunoblot-

ting to detect the 35-kDa activated TAFI (TAFIa)

fragment by incubating the membranes with a mouse

monoclonal antihuman TAFI antibody (Haematologic

Technologies Inc.) and then with horseradish peroxidase–
conjugated rabbit antimouse IgG (Invitrogen). The

luminograms were scanned and the relative amount of

the bands was estimated by densitometry using NIH

Image J [Rasband, W.S., ImageJ, U.S. National Institutes

of Health, Bethesda, MD, USA. http://imagej.nih.gov/ij/.

Accessed October 23, 2013].

Results and discussion

ADAMTS-13 activity and antigen levels were normal,

with increased VWF antigen levels and the presence of

ultra-large VWF (ULVWF) multimers. C3, C4, CFI, and

complement factor H levels were normal (Table 1).

Exome sequencing revealed 11 nonsynonymous single

nucleotide variants (SNVs) in 12 genes involved in the

pathophysiology of TMAs (including SNVs in DGKE,

recently implicated in aHUS) [20]. Among them, only

c.805G>A (p.G269S) in CFI and c.1103 C>T (p.P368L)

in THBD were novel (Table 2). These two variants have

been searched in 150 and 474 normal alleles, respectively,

confirming them to be rare mutations and not common

polymorphisms. This was further confirmed by the

absence of the variants in dbSNP139 and Exome Variant

Server (with > 3200 European Americans sequenced for

CFI and > 4300 for THBD) databases. Both mutations

were predicted to be deleterious for protein function by

SIFT, while Polyphen-2 predicted p.G269S to be ‘proba-

bly damaging’ and p.P368L to be ‘possibly damaging.’

Sanger sequencing confirmed the presence of the

heterozygous missense mutations, not previously

described in aHUS patients [21–24]. The p.G269S CFI

mutation causes the change of the small hydrophobic gly-

cine to the hydrophilic serine in the LDLr2 CFI domain.

The mutation is close to another mutation reported in

aHUS (p.G261D) [25] and, like the latter, was associated

with normal CFI levels.

Of particular interest is the mutation in THBD, which

encodes thrombomodulin, an endothelial transmembrane

glycoprotein that exhibits pleiotropic properties. It is a

cofactor for thrombin-mediated activation of TAFI that,

when activated to TAFIa, exerts antifibrinolytic and anti-

inflammatory activities. TAFIa inhibits fibrinolysis by

removing lysine residues from fibrinogen, thereby dimin-

ishing the conversion of plasminogen to plasmin. More-

over, TAFIa inactivates several inflammatory mediators,

including the complement anaphylatoxins C3a and C5a,

via their des-argination [26]. The THBD mutation found

in our patient is located within the fourth epidermal

growth factor (EGF)-like domain, far from mutations

previously reported in aHUS [21]. The EGF-like repeats

are crucial for thrombin–THBD interaction, with EGF5-6

being required for thrombin-THBD binding, EGF4-6 for

protein C activation, and EGF3-6 for TAFI activation.

Because the p.P368L mutation is localized in one of the

crucial domains for TAFI activation, we tested whether it

determined an altered thrombin-mediated generation of

TAFIa. To this end, HEK293 cells stably transfected for

equal expression of wild-type and variant thrombomod-

ulin (Fig. 1) were incubated with TAFI and thrombin.

Western blot analysis of the cell supernatant showed that

the p.P368L thrombomodulin was less effective than

wild-type in generating TAFIa (50% reduction vs. wild-

type) (Fig. 2). Reduced TAFI activation may result in the

impaired degradation and consequent accumulation of

complement-derived anaphylatoxins, which are potent

inflammatory mediators. By interacting with their recep-

tors C5aR and C3aR, they trigger oxidative burst in

macrophages, neutrophils, and eosinophils. C5a is a pow-

erful chemoattractant for macrophages, neutrophils, acti-

vated lymphocytes, basophils, and mast cells.

Anaphylatoxins may also promote microvascular damage

and thrombosis by activating and hurting the endothe-

lium [27]. Of relevance, C5a has been shown to cause

rapid expression of P-selectin and secretion of VWF from

human cultured endothelial cells (ECs) [28].

Reduced TAFI activation might also lead to enhanced

fibrinolysis. However, it has to be considered that TAFIa

inhibits fibrinolysis by a threshold mechanism, meaning

that fibrinolysis is halted as long as the TAFIa concentra-

tion is at or above a threshold value [29]. This implies

that a reduction in TAFI activation might not hasten fib-

rinolysis if the levels of TAFIa remain above the thresh-

old levels.

Table 1 ADAMTS-13-, VWF-, and complement system–related
plasmatic measurements at acute disease presentation

Parameter

Normal

values

Patient’s

results

ADAMTS-13 activity by CBA, % 46–160 64

ADAMTS-13 activity by FRET, % 50–138 97

ADAMTS-13 antigen, % 40–155 58

Anti-ADAMTS-13 antibodies by

Western blotting

Absent Absent

VWF antigen, % 55–165 344*

ULVWF ratio 0.85–1.21 1.3*

Classic complement pathway activity, % 69–129 72

C3, % 70–130 84

C4, % 70–130 108

CFI, mg L�1 40–80 58

FH antigen, % 66–122 81

Anti-FH antibodies, U mL�1 < 5.20 2.5

CBA, collagen binding assay; FRET, fluorescence resonance energy

transfer; VWF, von Willebrand factor; ULVWF, ultra-large forms

of von Willebrand factor; C3, complement system component 3; C4,

complement system component 4; CFI, complement system factor I;

FH, complement system factor H. *Abnormal result.
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With this background, we assume that a viral infection

(flu-like syndrome present in the patient) could have trig-

gered the activation of complement and of vascular ECs

in our patient, leading to a prothrombotic state. The

excessive C3a and C5a accumulation due to lower TAFIa

generation, related to the p.P368L THBD mutation, could

have also caused a generalized inflammatory response in

the microvasculature. Cytokines released during inflam-

mation may alter the kinetics of converting the hyperreac-

tive ULVWF to the smaller and less active plasma forms

of VWF through the increased release of ULVWF by

activated ECs, which overwhelms ADAMTS-13 cleaving

capacity or, alternatively, through direct inhibition of

ADAMTS-13 activity [30]. C5a-induced release of

ULVWF from microvascular ECs might explain the high

levels of VWF antigen and the high ULVWF ratio in our

Table 2 Variants identified by exome sequencing in genes implicated in the pathophysiology of thrombotic microangiopathies (ADAMTS-13,

C3, CFB, CFH, CD46, CFHR1, CFHR3, CFHR4, CFI, DGKE, THBD, and VWF)

Gene name*

Genomic coordinate,

chromosome: position

Nucleotide change,

reference nucleotide >
variant nucleotide

Protein or

DNA change†

Present in dbSNP or

1000 Genomes

databases‡

CFH Chr1:196642233 G>A p.V62I rs800292

Chr1:196659237 C>T p.H402Y rs1061170

CFHR1 Chr1:196797238 C>T p.H157Y rs425757

Chr1:196797244 C>G p.L159V rs113811987

Chr1:196797292 G>C p.T175A rs388862

CFI Chr4:110678925 T>C p.T300A rs11098044

Chr4:110681504 G>A p.G269S Novel§
THBD Chr20:23029039 C>T p.P368L Novel¶
VWF Chr12:6128443 T>C p.T1381A rs216311

Chr12:6143984 T>C p.Q852R rs216321

Chr12:6153534 T>C p.T789A rs1063856

*According to the Human Genome Organization (HUGO) nomenclature. †Predicted changes were checked by Mutalyzer software. ‡rs variant
identifying number is reported when the variant is present in the databases. §Not found in a screening of 150 normal alleles. ¶Not found in a

screening of 474 normal alleles.
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Fig. 1. THBD levels in membrane extracts from HEK293 cells stably

expressing wild-type THBD or the P368L THBD variant was deter-

mined by ELISA. Equal amounts of membrane total proteins were

assessed. Untransfected HEK293 cells were used as negative control.

WT, wild type; Untr, untransfected.

TAFI

A

B

TAFIa

100

T
A

F
Ia

 b
an

d 
de

ns
ity

(%
 o

f [
W

T
-c

on
tr

ol
])

50

0

WT P368L

P = 0.003

Untr

WT P368L Untr

Fig. 2. Thrombin-thrombomodulin–dependent generation of TAFIa

(~ 35 kDa) was determined by incubating TAFI (~ 60 kDa) and

thrombin on HEK293 cells expressing thrombomodulin (wild-type,

mutant [P368L] thrombomodulin, and untransfected HEK293 cells

as negative control). Significantly less TAFIa was generated using

mutant thrombomodulin. (A) Western blot analysis of the cell super-

natant. (B) TAFIa generation determined by densitometric analyses

of the band intensities. The results shown are the mean values of

four independent experiments. The value of the TAFIa generated

with thrombomodulin wild-type in each experiment was taken as

100%. T bar indicates standard error. WT, wild type; Untr, untrans-

fected.
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patient. Of note, at exome analysis there were no genetic

variants in either ADAMTS-13 or VWF that could

explain this exceptional pattern. The concomitant pres-

ence of the p.G269S CFI mutation may have resulted in

impaired regulation of complement alternative pathway,

leading to increased C3 and C5 cleavage to C3a/C3b and

C5a/C5b, thus creating a positive feedback loop of

inflammation, with additional EC activation. Activated

ECs secrete and anchor long strings of ULVWF, prone

to initiate platelet adhesion and enhance their aggrega-

tion, thus leading to microangiopathy. VWF-related mea-

surements in our patient seem consistent with the

proposed mechanism.

In conclusion, our study identified for the first time the

unexpected association between mutations in comple-

ment-regulator genes and a case of TMA without renal

involvement but with neurological damage. Despite the

limitation of being a case report, we believe that our

study may prompt the evaluation of these mutations in a

larger group of patients affected by TMAs and normal

ADAMTS-13 activity levels, regardless of the presence of

renal injury.
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