HOEHR

DYRFECIR 7470 I VP BEBEERTWS, FAEKE, FA4Y, F—2 b
V7 CERII S R B D S B & W2 B T 4 W AREAL D 72 o inE e
BENTn5,

i

BXMRTR PO VEVIR Lo TREALEXIRT L2 Y, 7479 Vo TRICEE
BB LCEEMLR7 4 TV v &L, &5 ayplasmin inhibitor % 7 4 7 Y ICHE&
BRCRBICH T 2L NS5 35, 8RN~ VI v 2 ARG TH AT
S—F v 4 TR FYREAEES. IRLOEAIRIEI LA REICE L B
ELTws, HXMEFOFEMIEH 10 BE EDD TR,

747N VOP BAERES MR T REE, HgEEFre B, 7Lvyr—ik
SRBEW (Schonlein-Henoch $EBEME, TgA M%) ICHRBOEADH 5. TRIESXIR
FRZEDE BB XMEFFEE1%RHETH Y, HER ORI 5808 ¢35
ARBICEZENHL Z &2 Led v, SXIRFD10~20% 8Lk hE-5 %k %)
BAHb, EMETFEPEHPHERERETCLELIRET A 1% REICRAZ E
B, HERZETAZERIEBLEAER Y, LaL, EXMETCHYT 5 EHEH
HPFBESNTEMRFEENERL, SBREEMRTFREMREEFS L5 ik
BrAREINTWS, FETEESMEFHEEIA OMERBRE CRENH LR
WZEPLREBI NPTV,

RETETOFEBBET VT I VIEN 2 BXMEF AR 70%UTIETLTwS
BETHH. TUNMF—HRERCOBERIIBERER E L RREERYS Y, £X0
RPROBUTIETFTLTWAEEGTHS. WTNROBETORFTL bk 2 K
WEELTCWARATHY, MoBRFRITSER L) A CHEILENT .

3k

1) Manco-Johnson M, et al : Prophylaxis versus episodic treatment to prevent joint disease in boys
with severe hemophilia. N Engl ] Med 357 © 535-544, 2007

2) Yasaka M, et al ¢ Correction of INR by prothrombin complex concentrate and vitamin K in pa-
tients with warfarin related hemorrhagic complication. Thromb Res 108 @ 25-30, 2002

3) Yasaka M, et al : Optimal dose of prothrombin complex concentrate for acute reversal of oral an-
ticoagulation. Thromb Res 115 © 455-459, 2005

4} Eerenberg ES, et al : Reversal of rivaroxaban and dabigatran by prothrombin complex concen-
trate. A randomized, placebo-controlled, crossover study in healthy subjects. Circulation 124 ¢
1573-1579, 2011

5) Leissinger C, et al : Anti-inhibitor coagulant complex prophylaxis in hemophilia with inhibitors.
N Engl] Med 365 : 1684-1692, 2011

77




LETTERS TO THE EDITORS e179

Development of exogenous FVIII-specific inhibitor in a mild
haemophilia patient with Glu272Lys mutation
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Mild haemophilia A is commonly caused by a mis-
sense mutation in the FVIII gene responsible for a
decrease in FVIILC to between S and 40 (IU dL™Y)
[1]. Although such a significant residual amount of
FVIII antigen is likely to prevent the immune
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response to exogenously administered FVIII, 3-13%
of patients with mild haemophilia can develop an
inhibitor antibody, which usually neutralizes not
only exogenous but also endogenous FVIII [2,3].
The risk of inhibitor development in mild haemo-
philia increases with age, at a median of 66 years,
which is a distinct feature from the case of severe
haemophilia [3].

Genetic risk factors for the development of inhibitor
in mild haemophilia have been explored, and the
Arg593Cys and Trp2229Cys mutations of FVIII were
identified as a risk factor of inhibitor development
[4,5]. Several other mutations have been also reported
in mild haemophiliacs with inhibitors [2,5,6]. How-
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ever, there is no report on the association of genotypes
with immunological characteristics of inhibitors. We
describe here how a mild haemophilia patient carrying
the Glu272Lys mutation developed an inhibitor,
which neutralized exogenous wild-type FVIII, but not
autologous mutant FVIIIL.

A 73-year-old man was diagnosed with mild haemo-
philia A in his teens after he had a difficulty in haemo-
stasis after traumatic injury, which resolved without
any treatment. His cousin also suffered from mild hae-
mophilia A, The FVIII:Ag and FVIIL:C were 38% and
13% respectively. He had no bleeding episode requir-
ing FVIII replacement therapy until the age of 70. At
the age of 71, he was given recombinant FVIII (+FVIII)
products for the first time because of massive bleeding
following transurethral resection of the prostate. At
the age of 72, he underwent appendectomy and
received rFVIII for the second time for 7 days. The
FVIILC was increased following rFVIIL infusion as
expected, and an inhibitor detection test (Bethesda
assay) was negative.

At the age of 73, he had a left shoulder joint pain
and swelling. Arthrocentesis showed yellow purulent
fluid with Staphylococcus aureus. He was given antibi-
otics and he underwent arthroscopic excision of a
synovial membrane and joint washing to treat the
joint abscess under the third replacement therapy for
4 days. No bleeding complications were noted during
surgery. However, 12 days after surgery, he had pain
and swelling in his left shoulder. The relapse of the
joint abscess was initially suspected and arthrocentesis
was performed, which showed fresh bleeding in the
joint without bacterial infection. We immediately
measured FVII:C after administration of rFVIII, and
found it to be 13.8%, indicating no increase in FVIII:
C above his basal level of FVIII:C. The Bethesda assay
showed 4.2 BUmL™" of FVII inhibitor. He was
administered a recombinant FVIla product (Novo-
Seven®; Novo Nordisk, Tokyo, Japan), which stopped
the haemorrhage. Then he had no bleeding episode
requiring FVII replacement therapy. The titre of
inhibitor was spontaneously decreased and disap-
peared 6 months later.

The patient had a significant residual FVIII:C in the
presence of a relatively high titre of inhibitor, suggest-
ing a type II inhibitor that was often seen in acquired
haemophilia [7]. However, his inhibitor exhibited a
linear dose-response relationship characteristic for
type I inhibition kinetics when his plasma was mixed
with normal pooled plasma (Fig. 1). To explain the
discrepancy between the significant residual FVIIL:C
and the presence of type I inhibitor in this patient, we
hypothesized that the patient’s inhibitor did not neu-
tralize autologous mutant FVIII but wild-type FVIIL
To test this, we examined whether the patient’s inhibi-
tor could neutralize the endogenous mutant FVIII or
not. The patient’s plasma containing FVIIl inhibitor
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Fig. 1. Differential effect of patient’s FVIII inhibitor on exogenous wild-
type FVIII and autologous mutant FVIIL The patient’s plasma containing
an inhibitor was treated at $6°C for 30 min to eliminate residual VILC.
The treated plasma (inhibitor concentration: x1) was diluted with a HEPES
buffer by two and four times, and incubated with normal pooled plasma
(closed circle), patient’s plasma stored before inhibitor development (open
circle), or buffer (inhibitor concentration: 0) at 37°C for 2 h. The residual
VIEC was measured by one-stage clotting assay and expressed as
percentages of the value for each plasma incubated with buffer.

was treated at 56°C for 30 min to eliminate the resid-
ual endogenous FVIIL:C. The mixture of the treated
plasma and the patient’s plasma stored at —80°C
before the appearance of the inhibitor were subjected
to the Bethesda assay. The patient’s inhibitor in the
treated plasma did not neutralize mutant FVIIL:C in
the stored plasma at all while it neutralized wild-type
FVIIL:C in normal pooled plasma completely (Fig. 1).
This differential effect of the patient’s inhibitor was
specific because another inhibitor from a severe hae-
mophiliac neutralized both the wild-type and mutant
FVIILC completely. These results indicate the patient’s
inhibitor is specifically directed against exogenous
wild-type FVIII. We further examined the epitope of
the inhibitor by means of immunoblotting. The inhibi-
tor recognized both A2 and A3-C1-C2 (light chain)
domains of wild-type FVIII (Fig. 2).

We attempted to identify a mutation of FVIII gene
responsible for mild haemophilia in this patient. The
FVIII gene entire coding regions and exon/intron
boundaries were amplified by PCR with appropriate
primers. The PCR products were purified and directly
sequenced using a 3500 Genetic Analyzer (Applied
Biosystems, Tokyo, Japan). The genetic study was
approved by the Ethics Committee of Ehime Univer-
sity. Sequence analysis of FVIII in this patient showed
an 871G > A alteration (Glu272Lys) in exon 7 of the
FVIII gene. The patient’s cousin with mild haemo-
philia had the same mutation.

This study shows that a patient with mild haemo-
philia, who carried the Glu272Lys mutation of FVIII,
developed an inhibitor. According to the HAMSTeRS
worldwide database for mutations in haemophilia A
(http://hadb.org.uk), this is the first report that the
Glu272Lys mutation is associated with inhibitor
development although this mutation has been found
to be causative for mild haemophilia. In addition, this

© 2014 John Wiley & Sons Ltd
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Fig. 2. Inhibitor epitope analysis. The wild-type FVIII derived from a
recombinant FVIII product was cleaved with (lanes 2, 3) or without (lane 1)
thrombin and then subjected to Western blotting with patient’s plasma con-
taining an inhibitor (lanes 1, 2) or normal plasma (lane 3). The immunore-
active bands were detected by Amersham ECL Chemilunescence (GE
Healthcare). The two strong bands showing the A2 domain and light chain
(A3-C1-C2 domain) of FVIII were consistently obtained while the 50 KD
band corresponding to the Al domain was also seen in the negative control
blot with normal plasma. A representative blot of the three experiments is
shown.

study shows that the inhibitor recognized exogenous
wild-type FVIII but not autologous mutant FVIIL
These findings suggest a possible association of the
Glu272Lys mutation with the exogenous FVIII-specific
inhibitor.

Previous studies have shown that certain mutations
of the FVIII gene in mild haemophilia have a greater
risk for inhibitor development. Missense mutations
introducing a cysteine residue may alter disulphide
bridge formation, leading to a gross aberrant confor-
mation. The mutations including Arg531Cys [6],
Arg593Cys [4,5], Tyr2105Cys [4] and Trp2229Cys
[4] have been reported to be associated with inhibitor
development. Among them, Arg593Cys was identified
as a 10-fold increased risk of developing inhibitors
[5]. However, inhibitor development is not limited to
patients with Cys substitution mutations. The Asn618-
Ser, Pro1761Gln, Arg2150His and Glu2228Asp muta-
tions have been found in mild haemophiliacs who
developed an inhibitor [8]. In this study, we extended
the list of genetic mutations associated with FVIII
inhibitor to Glu272Lys.

Besides the genetic risk factor, some environmental
factors including intensive FVIII treatment, age at the
first exposure and the number of peak treatment are
associated with inhibitor development in mild haemo-
philia [3]. Our patient had three intensive FVIII treat-
ments since the age of 71. The inhibitor developed
after the third intensive therapy for surgery during
bacterial infection. The risk of inhibitor development
after surgery has been demonstrated in both severe
and mild haemophilia [5,8]. The presence of infection
during the FVIII treatment may enhance the immune
response to exogenous FVIII through the infection-
triggered inflammatory responses, leading to develop-

© 2014 John Wiley & Sons Ltd
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ment of inhibitor antibodies. A patient with mild hae-
mophilia who was excised of an infected femur head
was reported to develop an inhibitor after intensive
FVIII treatment [8]. Further research is needed to
determine whether infection or surgery for infected tis-
sues during intensive FVII treatment is a risk for
inhibitor development.

The FVIII infused into patients with haemophilia is
recognized as being different from autologous one,
generating an alloantibody. We, therefore, anticipated
that the inhibitor developed in our patient was direc-
ted against the A1 domain in which the mutated resi-
due, Glu272, was located. Unexpectedly, the inhibitor
did not recognize the A1 domain but the A2 and A3-
C1-C2 domains. Previous studies have demonstrated
that the epitopes of almost all FVIII inhibitors were
located in the A2 and/or A3-C1-C2 domains, suggest-
ing a high immunogenicity of these domains [7].
There have been few reports demonstrating alloanti-
bodies to the Al domain [9]. In the tertiary structure
of the FVIII protein, the Glu272 is in close proximity
to the residues 482-501 in the A2 domain which con-
stitutes a hot spot for the epitopes of inhibitors [10].
The Glu272Lys mutation may induce conformational
changes in the A2 domain of the endogenous mutant
FVIII that allow to develop an inhibitor against the
A2 domain of exogenous wild-type FVIIL

The majority of inhibitors in patients with mild hae-
mophilia have been reported to cross-react with autolo-
gous FVII, resulting in little or no residual FVII:C
[4,5]. In this respect, our case represents a minor phe-
notype. Similar cases have been reported in mild hae-
mophilia  patients carrying  Glu2228Asp  and
Try2229Cys mutations [4,5]. Although these cases
showed that the FVII:C did not change after the
appearance of inhibitors, characterization of inhibitors
has not been reported. Our present report shows only a
single case. It remains to be determined whether a spe-
cific mutation is associated with development of inhibi-
tor that does not cross-react with autologous mutant
FVIIL In patients with a non-cross-reactive inhibitor,
DDAVP may be an effective therapeutic option
although we failed to try DDAVP in our patient.

In conclusion, this study shows that a mild haemo-
philia patient with the Glu272Lys mutation of FVIII
developed an exogenous FVIIl-specific inhibitor. Data
regarding the link between genotypes and characteris-
tics of inhibitors should be accumulated in mild hae-
mophilia. Such information would contribute to more
appropriate patient management and help better
define the molecular basis of inhibitor development in
mild haemophilia.
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Dear Editor,

Waldenstrom's macroglobulinemia (WM) is a lymphoproli-
ferative disorder characterized by infiltration of small lympho-
cytes and plasmacytoid cells into bone marrow and by serum
IgM monoclonal gammopathy [1, 2]. The paraprotein may
include an autoantibody resulting in autoimmune complica-
tions in 5-16 % of patients with WM [3, 4]. A few reports
have referred to the mechanism of immune thrombocytopenia
(ITP) associated with WM, and platelet-associated IgM (PA-
IgM) and IgG (PA-IgG) have been shown to be a possible
cause [4, 5]. However, whether monoclonal IgM in WM
induces ITP is poorly understood. We report here a patient
with WM and thrombocytopenia whose IgM recognized
GPIb/IX on the surface membrane of platelets and inhibited
GPIb-mediated platelet aggregation.

A 68-year-old male was referred to our department because
of extensive purpura and macrohematuria. His blood counts
revealed 5.3 g/dL hemoglobin, 1.4x 10°/L white blood cells,
and 6.0x10°/L platelets. Platelet size was normal. Serum
levels of IgM, 1gG, and IgA were 1,980, 1,470, and 55 mg/
dL, respectively. Immunoelectrophoresis revealed that almost
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all IgM was monoclonal. Bone marrow-nucleated cells com-
prised 44.2 % lymphoid cells and 0.6 % plasmacytoid cells,
which were positive for CD10, CD19, CD20, CD38, and
Smlg-k, but negative for CD5 and CD23. He was diagnosed
as having WM and treated with cyclophosphamide. He was
refractory to platelet transfusion and died of brain hemorrhage
1 week later.

Because WM-induced ITP was suspected, we examined the
effect of his IgM on platelets. Flow cytometry assay showed that
his IgM bound to normal platelets whereas his IgG did not. To
identify the platelet antigen recognized by IgM, we employed a
PakAuto assay. This assay enables us to characterize the antigen
of platelet-bound Ig. However, we failed to obtain Ig eluted
from patient's platelets because of very low platelet count. Then
the patient's serum was incubated with normal platelets and the
platelet-bound Ig was eluted in order to concentrate platelet-
specific Ig from the patient's whole serum. Furthermore, we
employed alkaline phosphatase-conjugated goat anti-human
IgG and IgM (BioFX, Owings Mills, MD, USA) as secondary
antibody to detect IgG and IgM separately. We confirmed that
these antibodies produced efficient and specific signals when
the positive and negative controls in the PakAuto assay kit were
employed. Using this modified assay, we found that the eluted
IgM bound to the immobilized platelet membrane GPIb/IX, but
not to GPIIb/Illa or GPla/lla (Fig. 1). The eluted IgG did not
bind to any type of GP.

Then we examined the effect of patient's IgM on
GPIb-mediated platelet aggregation. When the patient's
plasma was incubated with normal washed platelets,
1.2 mg/mL ristocetin-induced platelet aggregation was
inhibited significantly although the expression of GPIb
on the platelets was normal.

These results suggest that the patient's monoclonal IgM
derived from WM has antiplatelet activity against GPIb/IX.
This activity leads to ITP and platelet dysfunctions, both of
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Fig. 1 Determination of platelet membrane glycoprotein recognized by
patient's serum immunoglobulin. Normal washed platelets were incubat-
ed with the patient's serum. Acid eluates from the platelets were added to
microwell strips coated with murine monoclonal antibody-immobilized
platelet GPs (ZIb/11la, Ib/LX, and la/lla), and alkaline phosphatase-labeled
anti-human IgG or IgM were added to the wells followed by enzyme
substrate PNPP. The optical density of wells was read at 405 nm and the
binding reactivity was expressed as percentages of the value for the
positive control serum included in the PakAuto assay kit

which may give rise to severe hemorrhagic symptoms in

this patient. The patient's IgG may be also involved in the
pathogenesis of ITP because it remains to be determined

@ Springer

whether patient’s IgG binds on the surface of autologous
platelets.
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Dear Editor,

Iron deficiency anemia (IDA) is one of the most common
nutritional diseases worldwide. The basic treatment for IDA is
oral iron medication; however, some patients with IDA are
occasionally refractory to this type of therapy [1]. Recently,
the role of Helicobacter pylori in the etiology of IDA has
become a focus of considerable interest [2, 3]. Although the
association of H. pylori with IDA has been examined exten-
sively, most studies have focused on mild IDA in school-aged
children and young people [4-6]. Here, we report two adult
cases of severe IDA refractory to oral iron therapy in which
the anemia was dramatically and promptly improved by
H. pylori eradication (Fig. 1).

Case I A 73-year-old male was referred to our hospital be-
cause of severe anemia. He had been receiving oral iron
(100 mg/day) therapy for more than 6 months, but his anemia
had not improved significantly. Laboratory examinations re-
vealed severe IDA (red blood cell count 269 x10'%1, hemo-
globin 4.7 g/dl, hematocrit 17.5 %, mean corpuscular volume
65.1 fl, mean corpuscular hemoglobin concentration 17.5 pg,
serum iron 8 pg/dl, serum ferritin 4.7 ng/ml, unsaturated iron
binding capacity 487 pg/dl). Endoscopic examination of the
upper and lower gastrointestinal (GI) tract revealed mild atro-
phic gastritis with H. pylori infection, but no bleeding was
detected in any part of the GI tract. A stool occult blood test
gave a negative result. CT examination also revealed no
abnormalities. Because oral iron therapy had failed in this
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patient, iron was administered intravenously, and this resulted
in a gradual increase in the hemoglobin level. H. pylori erad-
ication was performed using a standard regimen of amoxicil-
lin, clarithromycin, and lansoprazole. Eradication was suc-
cessful, and iron was then administered orally (100 mg/day).
In contrast to the lack of response to oral iron therapy before
H. pylori eradication, the patient’s hemoglobin level promptly
increased to normal. Since discontinuation of iron therapy,
IDA has not recurred for more than 3 years.

Case 2 A 36-year-old male was referred to our hospital be-
cause of severe IDA that was refractory to oral iron therapy.
Laboratory examinations revealed the following values: red
blood cell count 235% 10'%/1, hemoglobin 4.6 g/dl, hematocrit
17.0 %, mean corpuscular volume 72.3 fl, mean corpuscular
hemoglobin concentration 19.6 pg, serum iron 10 pg/dl, se-
rum ferritin 5.3 ng/ml, and unsaturated iron binding capacity
453 ug/dl. Endoscopic examination of the whole GI tract and
CT scan revealed no abnormalities. Since H. pylori infection
was detected, H. pylori eradication was performed. Similarly
to the clinical course in case 1, IDA was promptly improved
by oral iron administration. This patient also has shown no
recurrence of IDA for more than 2 years after withdrawal of
iron therapy.

Although an association between H. pylori infection and
IDA has been established, it is still unknown how H. pylori
mediates the pathogenesis of IDA. However, a number of
possible mechanisms have been proposed, including impair-
ment of gastric acidity by H. pylori infection [7]. Recently, it
has been reported that H. pylori directly perturbs iron traffick-
ing in epithelial cells [8, 9]. That is, CagA of H. pylori is able
to alter the internalization, intracellular transport, and polarity
of the transferrin/transferrin receptor iron uptake system [9].
The prompt improvement of iron adsorption observed after
H. pylori eradication in the present two cases strongly
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Fig. 1 Clinical courses of cases | and 2. Refractory IDA was promptly improved by oral iron administration after /7. pylori eradication and did not recur

after withdrawal of iron therapy in both cases

suggests a direct interaction between H. pylori and iron trans-
port. As it has also been reported that IDA accelerates
H. pylori-induced carcinogenesis [10], H. pylori eradication
is highly recommended in patients with IDA.
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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

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

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 -0157
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

1
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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/ul], 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 IU/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 O157 in stool
were negative.

On day 3, the patient developed anemia (RBC
[2.63 x 10°uL], Hb [8.2 g/dL], LDH [1148 TU/L], hap-
toglobin [8 mg/dl], and thrombocytopenia [12,000/l],
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 ADAMTSI13 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

N. Yada et al.

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)a [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 (sTNEF-RI) [13,200 pg/mL (normal: 484-1407)],
sTNF-RIT [18,300 pg/mL (normal: 829-2262)], and tau
protein [344 pg/mL (normal: undetectable)]. Plasma sam-
ples from day 3 identified reduced plasma ADAMTS13
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 ADAMTSI13 had returned to almost normal
ranges.

Discussion

We report a patient with STEC-HUS, mild-to-moderate
reduction of plasma ADAMTS13 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.

® 2015 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.
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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-VWEF 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 TNFu [9]. Likewise, UL-
VWEFMs 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

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

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-VWFM,
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-
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UL-VWEM [
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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 VWEM (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, EGF-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 VIIIa 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-
pificant 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. VWE-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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Summary

Background: Upshaw-Schulman syndrome (USS) is usu-
ally suspected based on severe deficiency of ADAMTS13
activity without ADAMTS13 antibody, but the definitive
diagnosis is made by ADAMTS13 gene analysis, We pre-
sent a unique case of USS with low titers of ADAMTS13
antibodies before pregnancy. Interestingly, titers of
ADAMTS13 antibodies decreased to almost undetectable
levels after delivery. Case Report: In patient LL4, the di-
agnosis of USS was confirmed at age 27 by ADAMTS13
gene analysis. She became pregnant at age 30. During
the pregnancy, she received regular fresh frozen plasma
(FFP) infusion. Plasma von Willebrand factor levels in-
crease as pregnancy progresses. To prevent platelet
thrombi, much more ADAMTS13 supplementation is
necessary during late gestation in patients with USS.
Therefore, we shortened the interval between and in-
creased the volume of FFP infusions as pregnancy pro-
gressed. At 39 weeks, she delivered a healthy baby girl.
Before pregnancy, she had low titers of both neutralizing
and binding anti-ADAMTS13 antibodies. Despite fre-
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quent FFP infusions, titers of the antibodies did not in-
crease, but rather decreased to almost undetectable lev-
els during pregnancy. Conclusion: Both the neutralizing
and binding antibodies against ADAMTS 13 decreased to
almost undetectable levels after delivery in this patient,
which can be caused by an immunological reset.

Introduction

Upshaw-Schulman syndrome (USS) is caused by a deficiency of
ADAMTS13 activity due to a mutation in its gene [1]. ADAMTS13
specifically cleaves unusually large von Willebrand factor (VWE)
multimers (UL-VWEMs) released from vascular endothelial cells.
When ADAMTSI3 activity is deficient, UL-VWEFMSs are not
cleaved, which induces platelet thrombi formation in the microcir-
culation under high shear stress. Deficiency of ADAMTS13 activity
is also caused by autoantibodies against ADAMTS13 in patients
with acquired thrombotic thrombocytopenic purpura (TTP) [2].
There are two types of ADAMTS13 autoantibodies. One type acts
as an inhibitor of ADAMTS13 function, and the other type binds
to ADAMTS13, accelerating its clearance from the circulation.
USS is usually suspected to be based on severe deficiency of
ADAMTS13 activity without the presence of autoantibodies, but the
definitive diagnosis is usually made by ADAMTS13 gene analysis.

USS patients often experience episodes of severe neonatal jaun-
dice with a negative Coombs test requiring an exchange blood
transfusion as well as repeated episodes of thrombocytopenia and
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