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inhibition reduces ﬁarombus formation in a primate throm-

Abstract

Evaluatmn yaf Antl-thrombotlc Drugs in View of Recem Mechanism for

Venaus Thrombus Formatmn

Takaaki Hato

Division of Transfusion Medicine and Cell Therapy, Ehime University Hospital

Key words: venous thrombosis, neutrophil, monocyte, platelets, factor XII

Recent studies established a novel mouse model of deep vein thrombosis (DVT) induced by
flow restriction, closely resembling the time course and histological features of DVT in humans.
Detailed analysis of this model revealed that venous thrombi were formed by more elegant biologi-
cal reactions than expected. In this model, the compronused venous blood flow induced endothelial
cell activation mltzatmg expression of adhesive ligands and generation of inflammatory cytokines,
resulting in recruitment of monocytes, neutrophils, and platelets. Recruited monocytes trigger the
extrinsic coaguiation cascade via monocyte-derived tissue factor. Neutrophils released their nuclear
substances decorated with granular proteins (NETs) which in turn trigger the FXII-initiated intrinsic
coagulation cascade. Platelets support leukocyte accumulation and strongly promote NETs forma-
tion. These ﬁndings suggest that inhibition of FXII and NETs may be promising strategies for the
treatment of DVT. Unraveling the molecular mechanism of DVT would yheip better understanding of
the characteristics of current anti-thrombotic drugs and pave the way to the development of novel
anti-thrombotic drags with selective and safe profiles,

Jpn T Phiebol 2015; 26 (1): 1-8
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Abstract

A case of ischemic stroke after recurrent transient ischemic attacks due 1o essential
thrembocythemia with JAK2 mutation

Yoko Okada, M.D., Ph.D.,"” Takeaki Kato, M.D.,"” Taiji Yamashita, M.D.,” Masayuki Ochi, M.D., Ph.D.,"
Tokihisa Nagai, M.D., Ph.D.," Hirofumi Ochi, M.D., Ph.D.,"” Michiya Igase, M.D., Ph.D.,”
Takaaki Hato, M.D., Ph.D..? and Katsuhiko Kohara, M.D., Ph.D."”

"Department of Neurology and Geriatric Medicine, Ehime University Graduate School of Medicine
YFirst Department of Internal Medicine, Ehime University Graduate School of Medicine

Essential thrombocythemia (ET) is characterized by thrombocytosis with an increased risk of thromboembolism,
and is a rare cause of stroke. Approximately half of the patients with ET have JAK2V617F mutation, and these
patients have double the risk of thromboembolism compared to ET patients without the mutation. Strategies for the
management of stroke in patients with ET, especially those with JAK2 gene mutation, are not well established. We
describe a 53-year-old patient with ET and JAK2V617F mutation who presented with stroke after recurrent transient
ischemic attacks. Magnetic resonance imaging showed scattered ischemic lesions in the territory of the left middle
cerebral artery, and magnetic resonance angiography showed stenosis of the left middle cerebral artery. The patient
was treated with aspirin and warfarin. Several early attempts to withdraw either aspirin or warfarin resulted in deterio-
ration of his right arm numbness. He was prescribed hydroxycarbamide by a hematologist and his platelet count nor-
malized after 6 months. Aspirin was then successfully withdrawn, with no further signs of cerebral ischemia during
the following year. Endothelial dysfunction has been proposed as one of the causes of thromboembolism in patients
with JAK2V617F mutation, in addition to platelet activation. Our experience suggests that patients with ET and
JAK2V617F mutation may benefit from combined antiplatelet and anticoagulant therapy in acute phase.

Key words: essential thrombocythemia, JAK2 gene, thrombosis, antiplatelet agents, anticoagulant

(Jpn J Stroke 37: 3640, 2015)
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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 ADAMTS 13 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-

Yoshiyuki Ogawa and Masanori Matsumoto equally contributed in preparing
this manuscript.

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 ADAMTS13 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]. ADAMTSI13
specifically cleaves unusually large von Willebrand factor (VWEF)
multimers (UL-VWFMs) released from vascular endothelial cells.
When ADAMTSI13 activity is deficient, UL-VWFMs 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 ADAMTSI13 in patients
with acquired thrombotic thrombocytopenic purpura (TTP) [2].
There are two types of ADAMTSI13 autoantibodies. One type acts
as an inhibitor of ADAMTSI13 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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Table 1. Plasma levels
of anti-ADAMTS13
autoantibodies

microangiopathic hemolytic anemia in childhood that are reversi-
ble by infusions of fresh frozen plasma (FFP) (early-onset pheno-
type) [3]. On the other hand, patients with the ‘late-onset pheno-
type’ are diagnosed with USS in adulthood, usually during episodes
of infectious disease or pregnancy [3]. Moatti-Cohen et al. [4] re-
ported that the rate of USS is much higher in pregnancy-onset TTP
patients than in all adulthood-onset TTP patients.

We previously described 43 USS patients in Japan up to the end
of March 2011 [3]. Among them, 9 patients developed bouts of TTP
and were correctly diagnosed with USS in association with preg-
nancy [5]. These pregnancies often result in premature delivery or
fetal loss. Recent papers have reported successful delivery with FFP
infusion therapy in patients with USS diagnosed prior to pregnancy
[6, 7]. However, a detailed therapeutic protocol including FFP infu-
sions for pregnant women with USS has not yet been established.

Here, we report a USS patient with low titers of neutralizing
(inhibitory) and non-neutralizing (binding) antibodies against
ADAMTS13 who successfully underwent delivery with the use of
gradually increasing FFP infusions as the pregnancy progressed.
The intervals between and volumes of FFP infused were deter-
mined by close monitoring of levels of ADAMTS13 activity and its
inhibitor.

Material and Methods

Until 2005, ADAMTS13 activity was analyzed by a VWF multimer assay
with a detection limit of 3% of normal controls [2, 8]. Since 2005, a highly sensi-
tive chromogenic ADAMTS13-act-ELISA [9] with a detection limit of 0.5% of
normal was developed and replaced the VWF multimer assay. Thus, we re-ex-
amined ADAMTS13 activity in stored plasma samples using this act-ELISA and
reported the results by the act-ELISA in this study. Plasma ADAMTS13 inhibi-
tor titers were also re-examined using the chromogenic ADAMTS13-act-ELISA
in heat-inactivated plasma at 56 °C for 30 min. One Bethesda unit (BU) of in-

60 Transfus Med Hemother 2015;42:59-63

hibitor was defined as the amount of inhibitor that reduces ADAMTS13 activity
to 50% of control [10]. ADAMTSI3 inhibitor titers were defined as: <0.5 BU/ml
(negative), 0.5-1.0 BU/ml (marginal), and >1.0 BU/ml (positive). Plasma levels
of ADAMTS13 antigen were determined using a quantitative sandwich ELISA
assay [11]. Plasma ADAMTS13 antigen was also analyzed by quantitative and
qualitative western blotting (WB) under reducing conditions [12]. Densitomet-
ric analysis of ADAMTS13 antigen was performed for the 190 kDa band using
NIH image]J (developed by the National Institutes of Health, http://rsb.info.gov/
nih-image/). Plasma anti-ADAMTS13 IgG antibody titers (binding antibody)
were determined by TECHNOZYM® ADAMTS-13 INH (Technoclone, Vi-
enna, Austria) according to the manufacturer’s instructions. In this assay,
plasma IgG levels less than 12 units/ml were defined as negative, 12-15 units/ml
were considered borderline, and levels greater than 15 units/ml were defined as
positive. ADAMTS13 gene analyses [13] were performed with the permission of
the Ethics Committees. The pathogenicity of missense mutations was analyzed
in silico using PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) to predict
the functional significance of missense mutations. Written informed consent
for ADAMTS13 gene analysis was obtained from the patient and her family.

Case Report

Proband LL4 is a female born in 1981. Her parents and elder sister are ap-
parently healthy. She did not have any episodes of severe neonatal jaundice re-
quiring exchange blood transfusion. At 14 years of age, she developed thrombo-
cytopenia and acute renal failure requiring hemodialysis during an upper res-
piratory tract infection. She had similar episodes during upper respiratory tract
infections at the ages of 15, 16, 17, and 20 years. These bouts were ameliorated
by FFP infusion. At 21 years of age, she was admitted to a local hospital com-
plaining of diarrhea and high-grade fever. She was diagnosed with TTP based
on the pentad of hemolytic anemia, thrombocytopenia, acute renal failure,
fever, and mild neurological symptoms. Her condition improved with FFP ad-
ministration. Soon after this episode, she got married. When the patient was 27
years old, detailed investigation including ADAMTS13 gene analysis was per-
formed in all members of her family. At 28 years of age, she underwent an elec-
tive termination at 6 weeks of gestation after the risk of developing TTP was

‘taken into consideration. She has never received prophylactic FFP infusions

without the presence of thrombocytopenia.
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Fig. 1. Pedigree and
ADAMTS13 analysis of
USS-LL4 and her fam-
ily. A The propositus
(denoted as P), USS-
LL4, is the second child
of nonconsanguineous
parents. Squares and
circles indicate males
and females, respec-
tively, and shaded sym-
bols represent individu-
als who were not exam-
ined. Half-black sym-
bols indicate
asymptomatic carriers.
B WB analyses of
plasma ADAMTS13
antigen (AG) in the pa-
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were measured using
ELISA and WB. Results

are shown as percentages of normal values. Identified mutations in ADAMTS13 are depicted using one-letter amino acid abbreviations.

ADAMTSI13 Activity, Antibody, and Antigen Analysis

Plasmas obtained at 21 and 22 years of age showed severely decreased
ADAMTSI3 activity (<0.5 % of normal) and low titers of ADAMTS13 inhibitor
(1.4 and 1.7 BU/ml, respectively) (table 1). In addition, ADAMTS13 binding IgG
antibodies were found in both samples. These results indicated that this patient
might have acquired TTP or USS with the presence of ADAMTS13 inhibitor. As
shown in figure 1C, plasma ADAMTS13 antigen levels as analyzed by ELISA were
1.2% of normal values in the patient at 27 years of age. Further, plasma levels of
ADAMTS13 antigen analyzed by WB were <3% of normal values in the patient.

ADAMTSI13 Gene Analysis

We found 6 missense mutations (p.T339R, p.C438S, P.Q448E, p.P475S,
p.P618A, and p.GO09R) in this family (fig. 1C). Of these, p.T339R, p.Q448E, p.
P4758, and p.P618S have been previously reported as single nucleotide poly-
morphisms (SNPs) in the Japanese population [14]. This patient had two muta-
tions (p.C438S and p.G909R) that appear to be disease-causing mutations that
have never been previously reported. We analyzed these two mutations using
PolyPhen-2 to predict their effects on ADAMTS13. Both mutations were pre-
dicted to be ‘probably damaging.’ Thus, the patient was a compound heterozy-
gote for two mutations in the ADAMTSI3 gene: p.C438S (c.1313G>C, exon 12)
was inherited from her father and p.G909R (c.2725 G>A, exon 21) was inher-
ited from her mother.

Clinical Course in Pregnancy

Although the patient had low levels of ADAMTS13 inhibitor, we diagnosed
this patient with USS based on the results of the genetic analysis. Taking into
account the risk of TTP, she chose elective abortion for her first pregnancy at 28
years of age. However, when she became pregnant again at the age of 30, she
strongly hoped to have a child. After thorough discussions between the hema-
tologists and obstetricians, we decided to continue the pregnancy with close
monitoring of her condition and her fetus.

The patient’s plasma ADAMTS13 activity was under 0.5% and ADAMTS13
inhibitor was negative at 8 weeks of gestation without FFP infusion. Starting

A Unique Case Involving a Female Patient with
Upshaw-Schulman Syndrome: Low Titers of
Antibodies against ADAMTSI13 prior to
Pregnancy Disappeared after Successful Delivery

at 9 weeks of gestation, 4 units of FFP were infused (480 ml / 92 kg body
weight = 5.2 ml/kg). Between 11 and 17 weeks of gestation, the patient received
6 units of FFP (97 kg, 7.4 ml/kg) biweekly. In this period, ADAMTS13 activity
was 3-4% of normal just before FFP infusion. At 17 weeks, she had fever with
an upper respiratory infection. Her platelet count suddenly decreased to 141 x
10%/1. Therefore, she received 6 units of FFP on the next day. Subsequently,
6 units of FFP were infused weekly, with plasma levels of ADAMTS13 activity
measured before and after FFP infusion. After 32 weeks of gestation, the vol-
ume of FFP infusion increased to 8 units (103 kg, 9.3 ml/kg) per week. In addi-
tion to FFP infusion, she took low-dose aspirin (100 mg/day) between 9 and
34 weeks of gestation.

As shown in figure 2, this regimen maintained her platelet count over
200 x 10%/1. Plasma levels of ADAMTS13 before FFP infusion were 3-5% of
normal, and levels after FFP infusion were approximately 10%. The maximum
level of ADAMTS13 inhibitor was 0.9 BU/ml at 20 weeks of gestation. Until
29 weeks of gestation, the levels of inhibitor were relatively high. However,
after 30 weeks of gestation, inhibitor levels over 0.5 BU/ml were not observed
except at 35 weeks (0.6 BU/ml). After delivery, ADAMTS13 inhibitor levels
over 0.5 BU/ml were not detected. Moreover, levels of ADAMTS13 binding
antibodies before pregnancy were over 30 units/ml (table 1). These levels
gradually decreased as the pregnancy progressed, similar to levels of
ADAMTSI13 inhibitor. At 39 weeks of gestation, she gave birth to a healthy
baby girl by cesarean section. She received 8 units of FFP on the day of surgery
and 6 units on postoperative days 1, 3, and 5. Prophylactic FFP infusion was
then stopped. After delivery, plasma levels of ADAMTS13 activity were main-
tained between 1.8 and 5.2%, and both ADAMTS13 inhibitor titers and IgG
antibodies were almost undetectable on three different occasions without
FFP infusion (table 1).

The birth weight of her baby was 3,474 g. External malformations were not
found. The ADAMTS13 activity of the umbilical cord was 35.5%, and the level
of inhibitor was 0.7 BU/ml. Pathological examination of the placenta revealed
only mild infarcts in the periphery and at the insertion of the umbilical cord.

Transfus Med Hemother 2015;42:59-63 61
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We diagnosed patient described here with USS with low titer of
ADAMTSI13 antibodies based on the results of ADAMTS13 gene
analysis. When the patient first became pregnant at 28 years of age,
we chose an elective termination due to the risk of developing TTP.
However, in her second pregnancy at 30 years of age, we decided to
continue the pregnancy with close monitoring of her condition
and her fetus. Since plasma VWF levels increase with gestational
age even in normal pregnancy [15], much more ADAMTSI13 sup-
plementation may be necessary in late gestation in USS patients.
Thus, the therapeutic protocol for this patient involved dose esca-
lation of FFP infusions, and the interval between infusions was
gradually shortened with the progression of pregnancy, with fre-
quent monitoring of ADAMTS13 activity levels.

In addition to FFP infusion, we used low-dose aspirin between 9
and 34 weeks of gestation. In our USS registry, one patient with
USS (USS-L2) successfully gave birth to 4 babies (including twins)
with taking low-dose aspirin during pregnancy [5]. Another pa-
tient successfully treated with FFP infusion and low-dose aspirin
was reported by another group from our registry in Japan [6]. An-
tiplatelet agents such as aspirin, dipyridamole and ticlopidine, have
been used in the acute treatment of acquired TTP. British treat-
ment guidelines for TTP recommend low-dose aspirin during
platelet recovery (platelet count >50 x 10°/1) for patients with ac-
quired TTP. Fetal loss in patients with USS is presumably caused

62 Transfus Med Hemother 2015;42:59-63

thrombi. Although there is only anecdotal evidence, low-dose aspi-
rin in addition to FFP infusion may be effective in pregnant pa-
tients with USS.

In this patient, we identified the presence of both ADAMTS13 in-
hibitors and ADAMTS13 binding antibodies before pregnancy. Ken-
touche et al. [16] reported a similar patient in whom ADAMTS13
inhibitors were detected during pregnancy. However, binding
ADAMTS13 antibodies were not detected by a commercially availa-
ble assay (Technoclone) in stored samples in which ADAMTS13 in-
hibitors were detected. In contrast, both ADAMTS13 inhibitor and
binding antibodies were detected in our patient (table 1).

We were concerned about increasing ADAMTS13 antibody
titers with frequent antigen stimulation associated with FFP
infusions. Thus, plasma levels of ADAMTS13 inhibitor and
ADAMTS13 activity were analyzed each week before and after
FFP infusion. However, increases in ADAMTSI13 inhibitor were
not observed as her pregnancy progressed. On the contrary, plasma
levels of ADAMTSI3 inhibitor decreased to marginal levels (<0.5-
0.9 BU/ml) during pregnancy, and so far have not increased again
after delivery. ADAMTS13 IgG antibodies also decreased to almost
undetectable levels after delivery (table 1).

Regarding this interesting phenomenon, it is generally said that
during pregnancy a mother has a natural intra-uterine allograft
(fetus), which is regularly not rejected, indicating that immuno-
logical tolerance is up-regulated during this period [17]. In fact, it
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Nojima/Fujimura



has been reported that rheumatoid arthritis (RA) disease activity is

often transiently lower during pregnancy [18]. However, unlike

RA, in which disease activity flares up in 90% of patients within the
first 3 months postpartum unless appropriate medications are

given before delivery [19], both neutralizing and non-neutralizing
antibodies against ADAMTSI13 in our USS patient have not in-

creased after delivery. Although we cannot fully explain this inter-

esting phenomenon at present, it is possible that an immunological

reset after delivery might be involved [16, 17]. So far, we have ob-

served the patient for over 2 years after delivery, but much longer
observation may shed a light on this difficult question.
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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 -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
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Therapy of STEC-HUS with encephalopathy

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/ 1], 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:O111 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 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:0111
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/mlL,
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)« [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 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 ADAMTS13 had returned to almost normal
ranges.

Discussion

We report a patient with STEC-HUS, mild-to-moderate
reduction of plasma ADAMTSI13 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-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 TNF« [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

© 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-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-
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Hospital days
VWF antigen (%)
ADAMTS13 activity (%)
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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:O111 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 boxl (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 TAFla 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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