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ABSTRACT (250 words )

BACKGROUND: Plasma exchange (PE) is the first-line treatment for primary
acquired thrombotic thrombocytopenic purpura (aTTP) with severe deficiency of
ADAMTSI13 activity. Some patients are poor-responders to PE, raising concern over
multiple pathogenetic pathways.

METHODS: Based on 52 aTTP patients in our national cohort study, we monitored
plasma levels of ADAMTSI13, clinical and laboratory findings, and outcomes. In a
representative poor-responder to PE, we examined an ADAMTS13-inhibitor complex in
plasma milieu, by means of a large-pore isoelectric focusing (IEF) analysis.

RESULTS: Of 52 aTTP patients, 20 were well-responders and 32 were poor-responders.
In the latter group, plasma ADAMTSI13 activity levels never increased to more than
10% of normal during 14 days after PE initiation. Mean (SD) plasma ADAMTS13
inhibitor titers (BU/ml) were 5.7 (+4.5) before PE, but decreased to 1.4 (--0.8) on 4% PE
day, and then remarkably increased to 14.8 (+10.0) on 10™ PE day, termed ‘inhibitor
boosting’, and then slowly decreased to undetectable level over one month. On
admission, none of the routinely available clinical and laboratory markers differentiated
these two groups. However, elevated pre-PE levels of ADAMTSI13 inhibitor were
correlated with poor-response. We visualized an ADAMTS13-inhibitor (IgG) complex
in a patient plasma by an IEF analysis, and found proteolytic fragment of ADAMTSI13
antigen by a 2-dimentional IEF/SDS-PAGE analysis.

CONCLUSION: Findings from this cohort of aTTP patients demonstrated that
inhibitor boosting often occurs in aTTP patients in Japan. Poor-responders could be
predicted by elevated pre-PE ADAMTSI13 inhibitor levels on admission, but not by
routinely collected clinical or laboratory data.

Keywords: primary aTTP, ADAMTS13, inhibitor boosting, [EF, ADAMTS13 inhibitor

complex

ABBREVIATIONS: aTTP= primary acquired thrombotic thrombocytopenic purpura,
ADAMTS13=a disintegrin-like and metalloprotease with thrombospondin type-1 motifs
13, VWF=von Willebrand factor, IEF=isoelectric focusing
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Introduction

Thrombotic thrombocytopenic purpura (TTP), a life-threatening generalized
disorder originally characterized by a pentad of thrombocytopenia, microangiopathic
hemolytic anemia, renal dysfunction, neurological signs and fever,' is now primarily
defined by severe deficiency of von Willebrand factor (VWF)-cleaving protease, termed
ADAMTSI3 (a disintegrin-like and metalloprotease with thrombospondin type 1 motifs
13) accompanied by thrombocytopenia.”™ The ADAMTS13 specifically cleaves
unusually large VWF multimer (UL-VWFM) with hyperaggregability of platelets,” and
down-regulates VWF function. Deficiency of ADAMTSI13 activity (ADAMTS13:AC)
is either caused by gene mutations in or acquired autoantibodies to this enzyme,’
occasionally without a known cause, termed primary acquired TTP (aTTP).’

Plasma exchange (PE) has long been the first-line treatment for aTTP, often with an
adjunct of corticosteroid/steroid pulse therapy,® PE removes ADAMTSI13 inhibitor
(ADAMTS13:INH), UL-VWFM, and inflammatory cytokines that mediate UL-VWFM

release from vascular endothelial cells, and replenishes ADAMTS13 and regular-sized

VWFM required for normal hemostasis. Patients with aTTP frequently take several days
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to weeks of PE before platelet counts recover. However, one population of aTTP
patients often shows an initial increase in the platelet count that is paradoxically
followed by secondary thrombocytopenia. These patients have been categorized as
having ‘PE-refractory aTTP,” but the pathogenesis of secondary thrombocytopenia is
unclear. Bshm et al.” reported an increase in ADAMTS13:INH titers after PE, but no
systematic studies on this potentially important issue have been conducted. In addition,
30% to 50% of aTTP patients will subsequently relapse, although these relapses occur at
a time-point that is much longer than the secondary thrombocytopenia described
herein.*!° Due to concerns over both short-term thrombocytopenic events and long-term
aTTP relapse, the anti-CD20 antibody rituximab, which removes inhibitory
IgG-producing B lymphocytes from circulation, 1112 has been used recently to treat
aTTP patients in conjunction with PE and corticosteroid, in an effort to reduce I1gG of
ADAMTSI13:INH with the goal of improving short-term responses as well as
decreasing the rate of relapse.

We have recently shown that ADAMTS13 antigen (ADAMTS13:AG) in the plasma

milieu consisted of 3 groups of bands with different isoelectric points (pl); Band I (pI

4
ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901 1 (434) 964-4100



Transfusion

4.9 to 5.6) represents ADAMTS13 not bound to VWF; Band II (pI 5.8 to 6.7) remains
unaddressed, and Band III (pI 7.0 or 7.5) corresponds to ADAMTS13 bound to larger
VWEFM." Further, during 1998-2012 we identified 52 patients with new onset of aTTP,
whose plasma samples were followed for serial ADAMTS13 level measurements more
than 3 times within 2 weeks after initiation of PE. These patients were classified into
two groups based on the pre-PE levels of plasma ADAMTS13:AC measured on the 14™
day after PE initiation; 20 well ADAMTS13:AC-responders (ADAMTS13:AC >10%)
and 32 persons with poor ADAMTS13:AC-responders (ADAMTS13:AC <10%). We
found that poor ADAMTSI13:AC-responders were uniformly associated with a
tremendous increase of ADAMTS13:INH titers (IgG1 subclass) on 10" PE day, termed
‘inhibitor boosting’. Further, using an IEF gel we visualized for the first time a complex
of ADAMTS13:AG and ADAMTS13:INH (IgG), that underwent proteolytic cleavage
followed by clearance from circulation. These studies may help to understand how
treatment shortly after PE with steroid and rituximab infusion works in aTTP patients

who otherwise may develop secondary thrombocytopenia due to ‘inhibitor boosting’.
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Patients, Materials, and Methods

Fifty-two aTTP patients enrolled in this national cohort study

Since 1998, our laboratory at Nara Medical University has served as a nationwide
referral center for thrombotic microangiopathy (TMA) that analyzes ADAMTSI13 as
requested by clients across Japan. Using a chromogenic assay for ADAMTS13:AC,"
between January 2004 and March 2012, we were able to identify 184 new patients (89
males and 95 females) with aTTP, based on the following criteria; severe deficiency of
plasma ADAMTS13:AC (<10% of normal) with positive ADAMTS13:INH (>1.0
Bethesda U/ml), but without the underlying diseases. Of 184 aTTP patients, 52 were
able to have follow up determination of plasma ADAMTSI13:AC levels more than 3
times at 3-5 days interval within 14 days after PE initiation, and were enrolled in this

study (see the supplemental Tabie land 2).

Patient outcome definitions
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The study definitions were the same as those reported by Kremer-Hovinga et al'’
and Froissart et al.'® Remission was defined as a complete resolution of laboratory and
clinical data after cessation of PE. Durable remission was defined as laboratory and
clinical resolution of aTTP evaluated at least 30 days following the first day of platelet
count recovery (>150x10° /L) (this period included the time on maintenance PE).
Relapse was considered a new episode of TTP if a patient had achieved a durable
remission and subsequently experienced a laboratory relapse. Death from TTP was

defined as any death that occurred within 30 days after a diagnosis of TTP.

Assays for plasma levels of ADAMTS13:AC, ADAMTS13:INH and ADAMTS13:AG
Plasma levels of ADAMTSI3:AC were measured by chromogenic
ADAMTS13-act-ELISA' with a detection limit of 0.5% of normal, and the
ADMTS13:INH titers were determined by means of Bethesda method'’ using
heat-inactivated patient plasmas, as previously described. One Bethesda unit (BU) was
defined as the amount necessary to reduce ADAMTS13:AC to 50% of control levels,

and the value of >1.0 BU/mL was assumed to be positive. Further, plasma levels of
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ADAMTS13:AG were measured using sandwich ELISA.'*

Titers of anti-ADAMTS13 IgG, IgM, and IgA autoantibodies and IgG1-4 subclasses
Assays were performed as previously described'”, with the following modifications.
First, microtiter plates (Nunc Immuno Maxisorp, Nunc A/S, Roskilde, Denmark) were
coated with 100 pL of human recombinant (r) ADAMTS13 (2pg/mL) dissolved in a
coating buffer [carbonate-bicarbonate buffer, pH 9.6, Sigma C-3041 (Sigma-Aldrich,
St. Louis, MO, USA)] and left overnight at 4°C. On the next day, 250 pL of blocking
buffer (Pierce protein-free T20, Thermo Fisher Scientific Inc. Rockford, IL, USA) was
added to the plates, and incubated for 2 hours at room temperature. Then, 100 pL of
each diluted test sample was added to the each well and left for 3 hours at room
temperature. After incubation, 100pL of diluted horseradish peroxidase
(HRP)-conjugated goat anti-human IgG, IgGl-4, IgM, or IgA were added, and the
plates were incubated for 2 hours at room temperature. Finally, 100 pL of
3,3',5,5"-tetramethylbenzidine (TMB)-H,0, solution (TMB substrate kit, Thermo

Fisher Scientific Inc. Rockford, 1L, USA) was added, and the absorbance was measured
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at 450 nm with a reference filter of 620 nm on a Thermo microplate reader (Thermo
Fisher Scientific Inc). Between each step, the plates were washed with
phosphate-buffered saline (PBS, pH 7.2) 4 times. Titers were calculated as a ratio of the
sample optical density (OD) at each dilution to the normal human plasma OD at each
dilution. Ratios were determined for each individual dilution and compared to the
corresponding cutoff values, and the results were expressed as the titer. The titer of a

sample corresponded to the last dilution at which the ratio was above the cutoff level."”

IEF using an agarose-acrylamide composite gel

In some experiments, ADAMTSI13 in patient plasma was analyzed by IEF using a
large-pore agarose-acrylamide composite gel as recently described in detail." After IEF,
the isolated proteins were electrophoretically transferred to nitrocellulose membranes,
and then the blotted proteins were immunoreacted with anti-ADAMTS13 monoclonal
antibody (WH2-11-1, epitope residing on the 4th thrombospondin type-1 domain of
ADAMTS13),” and visualized using a chemiluminescent detection kit (Perkin-Elmer

Life Science, Boston, MA). Using this method, ADAMTS13:AG from normal plasma
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consistently shows the following 3 groups of bands; a major Band I representing
unbound ADAMTS13 with a pl of 4.9-5.6, as in the case of purified plasma-derived
ADAMTSI13, as well as Band Il at pl 5.8-6.7 and Band III at pl 7.0/7.5. The
composition of Band II is not well defined yet, but Band III was shown to be a complex

of ADAMTS13:AG and high-molecular-weight VWFM."

Therapeutic regimen

The basic therapeutic regimen for our cohort patients with aTTP consisted of PE,
corticosteroids, and immuno-suppressanis such as rituximab (see the supplemental
Table [ and 2). All patients were initially treated with PE with fresh frozen plasma
(FFP) at a dose of 40-60 ml/kg body weight/once per day, and mostly for the first 3 to 5
consecutive days. However, the subsequent regimen of PE therapy was variable based
primarily on laboratory findings of patients (platelet count and serum LDH), and
presence of neurological findings.

PE therapy was usually accompanied with corticosteroid therapy. In our cohort, 30

patients received high-dose methylprednisolone (mPSL, 0.5-1 g/day) pulse therapy, of
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whom 23 patients received it commonly for 3 consecutive days during 1-3 days after PE
and 7 patients received it beyond this period. Another, 13 patients who did not receive
corticosteroid pulse therapy received per os administration of predonisolone (0.5-1
mg/kg/day). One patient did not have corticosteroid therapy. For the remaining 8
patients, we were unable to retrieve information on corticosteroid therapy from the
physicians-in-charge.

For immune-suppressants, rituximab infusion was most frequently used (18/52
patients with aTTP). The rituximab dose was 375 mg/m” weekly for 4 weeks, although
one patient (patient no.34) died soon after the first rituximab infusion, and the one
patient (patient no.26) received 5 infusions of rituximab. Patient no. 28 (female) was an
exception, who received a second course of rituximab therapy during 75-96 days (a total
of 8 rituximab infusions), as the patient had persistence of high titers of
ADAMTSI13:INH (peak of 42.6 BU/mL). An additional 10 patients received vincristine
(1-2 mg/body per day) one to four doses administered one week apart, and 4 patients
received one or two cycles of cyclophoasphamide (CPA) pulse therapy (500

mg/body/day). Therapies administered to three additional patients included intravenous
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Statistical analysis

Laboratory data are expressed as the mean+SD. Comparisons between well-responders

and poor-responders were analyzed using the Mann-Whitney U-test or Chi-square test.

All analyses were carried out using StatView (SAS Institute Inc., Cary, NC, USA). A

p-value <0.05 was considered significant.

Results

Two patient groups of aTTP: well-responders and poor-responders to PE

Follow-up clinical and laboratory findings were available for all 52 aTTP patients

(between 7 and 0507 days after the first admission). These follow-up data 2re

summarized in the supplemental Table 1 and 2. The 52 aTTP patients were classified

into two groups based on comparison of plasma levels of ADAMTS13:AC measured
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fourteen days after initiation of PE : 20 aTTP patients are characterized as well
ADAMTSI13:AC-responders (ADAMTSI13:AC >10%) and 32 aTTP patients are
characterized as poor ADAMTSI13:AC-responders (ADAMTSI13:AC <10%).
Characteristics of these 2 aTTP patient groups are shown in Table 1. Most of the 2
patient groups received corticosteroids. Eighteen aTTP patients received rituximab,
which was administered to poor ADAMTS13:AC-responders more frequently than well
ADAMTS13:AC-responders (p<0.05).

In well ADAMTS13:AC-responders (Fig.1 left), plasma levels of ADAMTS13:AC
(mean = SD) increased to 15.0 = 10.9% on the third day of PE, with a slight dip on the
tenth day of PE, and then did not decrease below 10% within 14 days after PE initiation.
As for plasma ADAMTS13:INH titer in well ADAMTS13:AC-responders, mean (+ SD)
ADAMTSI13:INH levels were 2.5 £ 1.5 BU/ml before PE, decreasing to 0.8 + 0.4
BU/ml on 4™ PE day, and then increasing to almost pre-PE levels (2.7 + 4.4 BU/ml) on
10" PE day, followed by a consistent decrease to undetectable ADAMTS13:INH levels
(<0.5 BU/ml) on the 14™ PE day. Platelet recovery began one to two days later and

mean platelet increased to 180x10° /L on 6™ PE day, followed by a slight dip, and the
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mean platelet counts increased again to greater than 150x 10’ /L on the 14" PE day.

In poor ADAMTSI13:AC-responders (Fig.1 right), plasma levels of
ADAMTS13:AC never increased to more than 10% of normal as measured at the
fourteenth day after PE initiation. Further, mean (= SD) plasma ADAMTS13:INH titers
were 5.9 + 4.5 BU/ml before PE initiation, but decreased to 1.4 + 0.7 BU/ml on the 4™
PE day, and then increased to 14.8 + 0.7 BU/ml on 10 PE day. This is termed ‘inhibitor
boosting’. Mean ADAMTS13:INH titers subsequently decreased to undetectable levels
(<0.5 BU/ml) over a four week period following PE initiation. Among these aTTP
patients, recovery of platelet counts was slow, and the platelet count was not greater

than 150x10° /L in any of these patients by the 22" PE day.

Sequential analysis of ADAMTS13:INH immunoglobulin class and IgG subclasses

A previous report' indicated clinical significance of the IgG4 subclass of
ADAMTS13:INH (IgG) rather than others, and therefore we here sequentially measured
the titers of immunoglobulins and IgG subclasses in 6 aTTP patients, including 2 well

ADAMTS13:AC-responders (patient no.l1 and 3) and 4 poor ADAMTSI13:AC
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-responders (patient no.26, 36, 39, and 40) (Fig.2).

Both the patients in well ADAMTSI13:AC-responders had IgG antibodies (IgG1 in

both patients, IgG2 and 1gG4 classes in one patient) and one had IgA antibodies. Over

time, IgG and IgA antibody titers correlated with ADAMTS13:INH titers. Further, all 4

patients in poor ADAMTS13:AC-responders had IgG antibodies (IgG1 in 4 patients,

IgG2 in 2 patients, and 1gG4 in 2 patients) and one also had IgA antibodies, but none

had I1gM antibodies. Over time, IgG and IgA antibody titers correlated with

ADAMTSI13:INH titers.

Thus, in both the patient groups the ADAMTS13:INH titers were consistently

correlated with the IgG1 titers, and inconsistently with the titers of other IgG subclasses.

Visualization of ADAMTS13:AG and its complex with ADAMTS13:INH (IgG) in

plasma milieu during treatment

Plasma ADAMTS13:INH titers in aTTP patients correlated with titers of the IgGl

subclass. Further, despite severe deficiency of ADAMTSI13:AC (<0.5% of normal) in

all of our aTTP patients, these patients generally had low but variable levels of plasma
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ADAMTS13:AG (<0.1% to 84.8% of normal) (the supplemental Table 1 and 2).

Most of the aTTP patients on admission had IEF patterns that differed from those of

normal individuals (the supplemental Fig.1). Notably, among the 52 aTTP patients, 3

poor ADAMTS13:AC responders (patients no. 22, 26, and 47) had undetectably low

plasma level of ADAMTS13:AG (<0.1% of normal). We report laboratory information

herein for patient no.26 (Fig. 3).

Before PE, patient no.26 had no visible band of ADAMTS13:AG on IEF gel, and 3-5

days after initiation of PE, a new ADAMTSI13:AG band was detected at pl 6.0-7.3

(Band A). However, on day 10, the ADAMTS13:AG band was not detected in accord

with ‘inhibitor boosting” (¥'i¢ k). During this period, plasma levels of ADAMTS13:AC

were consistently below 0.5% of normal, suggesting that Band A was a complex of

ADAMTS13:AG and ADAMTSI13:INH (IgG). Band A was no longer detected after

passing the patient’s plasma through a Protein G column to adsorb IgG (data not shown).

After extensive treatment with PE, corticosteroid, and rituximab, ADAMTS13:AG

patterns almost normalized on day 100 after PE initiation, along with improvements of

other aTTP-related clinical and laboratory findings. In fact, aTTP remission was
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achieved at this point. Furthermore, Band B with pI >9.3 was identified as the degraded
fragment of ADAMTS13:AG as shown by the presence of one ADAMTS13-related
protein band (125kD) by 2-dimensional analysis, using sodium dodecyl sulfate  (SDS)
-polyacrylamide gel electrophoresis under reducing conditions (Fig.3c).

Although remission was initially achieved in patient no. 26, the patient subsequently
experienced a relapse 2 years later, that was featured by thrombocytopenia and an
ADAMTS:13 INH titer of 4.6 BU/mL. This relapse was successfully treated with PE

and corticosteroids.

Discussion

Using a large cohort of a TTP registry >, we conducted a retrospective analysis of
52 patients in Japan with aTTP. These patients were classified into two groups: 20 weil
ADAMTS13:AC-responders and 32 poor ADAMTSI13:AC-responders, based on
plasma levels of ADAMTS13:AC measured on the 14" day after PE initiation. aT TP
patients who had ADAMTS13:AC levels less than 10% of normal on the 14" day after

PE initiation were operationally considered to be ‘PE-refractory TTP’. We also
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characterized the nature of ADAMTS13:INH antibodies, and identified a complex of

ADAMTS13:AG and ADAMTS13:INH (IgG), using a large-pore IEF gel analysis."® i

First, measured pre-PE levels of ADAMTS13:INH appeared to have prognostic
implications for measured ADAMTS13:AC levels following PE. As shown in Table 2,
on admission, none of the clinical and laboratory markers except for the pre-PE levels
of ADAMTS13:INH could predict well ADAMTS13:AC-responders versus poor
ADAMTS13:AC responders.

Second, Ferrari et al."” reported that IgG4 was the most prevalent IgG subclass in
their sample of patients with aTTP (90%, 52/58), followed by IgG1 (52%), 1gG2 (50%),
and 1gG3 (33%). They further showed that patients with high IgG4 and undetectable
1gG1 levels were more prone to relapse than those with low IgG4 levels and detectable
IgG1; they proposed that IgG4 could be a potentially useful indicator of patients at risk
of relapse. In our serial study of 2 well ADAMTS13:AC-responders (without inhibitor
boosting) and 4 poor ADAMTSI3:AC-responders (with inhibitor boosting),

ADAMTSI13:INH titers were most strongly correlated with the 1gG class, especially the
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IgG1 subclass. The difference in IgG subclass findings between the study by Ferrari et
al."”* from Europe and our study from Japan is unclear, but predisposing genetic
factors might be involved.

Third, we identified a complex of ADAMTS13:AG and ADAMTS13:INH (IgG) in
patient plasma of poor ADAMTS13:AC-responders, using a large-pore IEF gel analysis.
This finding has not been reported previously, because most of aTTP patients have low
but a significant plasma level of ADAMTS13:AG (as shown in the supplemental Table
1 and 2). We reported 3 patients who were poor ADAMTS13:AC-responders (patients
no. 22, 26, and 47) who had low levels of plasma ADAMTS13:AG (<0.1% of normal)
before PE. Using the patient post-PE plasma level for patient no. 26, we reported that
Band A was a complex of ADAMTS13:AG and ADAMTS13:INH (IgG), and Band B
was the fragment of ADAMTS13:AG, as evidenced by a 2-dimentional IEF/SDS-PAGE
analysis (Fig.3). These results indicate that the ADAMTS13:AG-ADAMTSI13:INH
complex undergoes proteolytic modification, by which ADAMTSI13:AG disappears
from circulation.

We conclude that ADAMTS13:INH boosting is a frequent occurrence noted among
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be a good indicator o
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predict poor ADAMTS13:AC -responders, for whom earlier administration of intensive
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IMMUNoSUppressive perapy sucn as rituximab appeared to facilitate reduction of the
time and volume of PE. Further, durable remission of aTTP in patients who had
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measurable levels of ADAMTS13:AC may be more consistently identified by a new

laboratory marker g of normal ADAMTS13:AG IEF patterns in the plasma

milieu, but this does not guarantee freedom from relapse in the long term.
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Figure legends

Fig 1. Changes of plasma levels of ADAMTSI13 activity (:AC), ADAMTS13
inhibitor (:INH) and platelet counts in 20 well-responder (left) and 32
poor-respondert PE (right)

In the figures, the shaded areas show normal ranges, and the vertical bars indicate
values of mean+SD.

In well-responders (left), plasma levels of ADAMTS13:AC increased to
15.04+10.9% on 3" PE day and then did not decrease below 10% within 14 days after PE
initiation. Plasma ADAMTSI13:INH titers decreased on 4" PE day, and then restored to
almost pre-PE levels on 10" PE day, followed by a consistent decrease to the
undetectable level on 14™ PE day. Platelet counts increased to normal level on 6™ PE
day, followed by a slight dip, and then re-increased to normal on 14™ PE day.

In poor-responders (right), plasma levels of ADAMTS13:AC never increased to
more than 10% during 14 days after PE initiation. Further, plasma ADAMTSI13:INH
titer decreased from 5.9+4.5 BU/ml before PE initiation to 1.4+0.7 BU/ml on 4® PE day,
and then remarkably increased to 14.8+0.7 BU/ml on 10" PE day, termed ‘inhibitor
boosting’, followed by a slow decrease to undetectable level over one-month after PE
initiation. A recovery of platelet counts was very slow, and the count reached to more

than 150 x10° /L on 22™ PE day.

Fig. 2. Sequential analysis of ADAMTS13:INH immunoglobulin class and IgG
subclasses

We sequentially analyzed the titers of immunoglobulins and I1gG subclasses in 6
aTTP patients, including 2 well-responders (no.1 and 3) and 4 poor-responders (no.26,
36, 39, and 40). Both the patients in well-responders had IgG antibodies (IgG1 in both
patients, IgG2 and IgG4 classes in one patient) and one had IgA antibodies. All 4
patients in poor-responders had IgG antibodies (IgG1 in 4 patients, IgG2 in 2 patients,
and IgG4 in 2 patients) and one had IgA antibodies. In both the patient groups, the
ADAMTSI13:INH titers were consistently correlated with the IgG1 titers, and
inconsistently with the titers of other IgG subclasses.

Fig. 3. Changes of ADAMTSI3 parameters and isoelectric focusing (IEF)
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analysis of plasma ADAMTSI13 antigen in patients with inhibitor boosting

Changes of ADAMTSI13 activity (:AC), antigen (AG) and inhibitor (INH) in addition
to the therapy of patient with inhibitor boosting (no.26) were shown in Fig. 3a. Before
PE, this patient had no visible band of ADAMTS13:AG on IEF gel, and 3-5 days after
initiation of PE, a new ADAMTS13 band at pl 6.0-7.3 (Band A) appeared, but on day
10 it almost totally disappeared again in accord with ‘inhibitor boosting’ as shown in
Fig.3b. After extensive treatment with PE, steroid, and rituximab, ADAMTSI13:AG
patterns almost normalized on day 100 after PE initiation. Band B with pI >9.3 in
Fig.3b was identified as the degraded fragment of ADAMTS13:AG, showing by the
presence of one ADAMTS13-related protein band (125 kD) by 2-dimensional analysis
using sodium dodecyl sulfate (SDS) -polyacrylamide gel electrophoresis under
reducing conditions in Fig. 3c.

VWD: von Willebrand disease, NP: normal plasma, PP: patient plasma,

Supplemental Figures

Figure S1. Isoelectric focusing (IEF) analysis of plasma ADAMTS13 antigen on

admission in both patients of well-responders and poor-responders

ADAMTS13:AG exists in plasma milieu as 3 major bands shown by IEF analysis; Band
I (free or unbound to VWF), Band 1I (not featured), and Band IIl (bound to
high-molecular-weight VWF) as shown in normal plasma (NP). However, our aTTP
patients in both patients with well responders (upper panel) and poor-responders (lower
panel) had IEF patterns totally different from those of normal individuals. Among 52
our aTTP patients, 3 poor-responders (no.22, 26, and 47) had undetectably low plasma
level of ADAMTS13:AG (<0.1% of normal). Thus, we chose patient no.26 as a
representative  to analyze an interaction between ADAMTSI13:AG and
ADAMTSI13:INH (IgG) in plasma milieu using IEF as shown in Fig.3.
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Fig 2 ADAMTS13:AC 210% on 14thday after PE ( well-responders )
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Fig. 3
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Table 1. Comparison of laboratory markers; well-responders and poor-responders to PE therapy

ADAMTS13:AC (%) on 14thday after PE

>10% <10%
(well-responders)  (poor-responders) P Value

Number 20 32

Age on admission 53 (1-81) 48 (13-84) 0.44

Sex

female 13 (65%) 19 (59%) 0.91
male 7 (35%) 13 (41%)

PE (times) total 7.5 (3-15) 14.3 (4-31)  <0.01
during 14 days 6.8 (3-11) 9.9 (4-14) <0.01
after 14 days 0.7 (0-6) 4.5(0-20)  <0.01

Rituximab therapy 3 15 <0.05

Steroid/steroid pulse therapy 18 30 0.62
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Table 2. Comparison of laboratory markers between; well-responders and poor-responders to PE therapy

on admission

at 14t day after PE

>10% <10% | >10% <10%

(well-responders) (poor-responders) p Value (well-responders) (poor-responders) p Value
ADAMTS13

 AC (%) <0.5 <0.5 - 31.7(12.0-68.0) 1.9(<0.5-12.4)  <0.01
: AG (%) 12.3 (0.2-84.8) 7.9 (<0.1-37.9) 0.39 90.3 (36.0->100) 42.1(0.1->100) <0.01
: INH (BU/ml) 2.5 (1.0-5.6) 5.7 (1.1-20.0) <0.01 0.54 (<0.5-0.9) 6.9 (0.7-51.0) <0.01
Neurologic 0.23 <0.01

symptoms (+) 15 (15/20) 29 (29/32) 0 (0/20) 14 (14/32)

(-) 5 (5/20) 3 (3/32) 20 (20/20) 13 (13/32)
Platelets (x10%/L) | 12.3 (3-36) 11.6 (3-54) 0.78 225.1(70-772)  84.6(3-330) <0.01
LDH (1U/ml) 1696 (494-7768) 1262 (478-3126) 0.30 290 (165-891) 536 (161-1941) <0.05
Hb (g/dl) 7.3 (4.2-14.3) 7.3 (4.9-10.1) 0.99 9.1(7.0-11.9) 8.3 (5.1-12.6) 0.11
BUN (mg/dl) 23.1(9.5-58.7)  26.5(8.8-122.0) 0.47 16.4 (3.7-32.0)  26.1(9.3-83.0) <0.05
Cre (mg/dl) 0.88 (0.31-1.73) 1.12(0.39-7.70)  0.33 0.65 (0.20-0.97) 0.95 (0.43-4.30) 0.10
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Supplemental Table 1. Clinical and laboratory findings in 20 TTP patients ; well-responders to PE therapy { ADAMTS13: AC 210% on 14" day after PE }
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Supplemental Table 2. Clinical and laboratory findings in 32 TTP patients ; poor-r
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ponders to PE therapy ( ADAMTS13: AC <10% on 14™ day after PE )
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