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Key Points

• Severely decreased
ADAMTS13 unbound
to VWF may play a key
role in the pathogenesis
of HELLP syndrome.

• A qualitative
ADAMTS13 assay may
be important for di-
agnosing HELLP
syndrome.

Introduction

Hemolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome, a life-threatening
complication during pregnancy, is a type of thrombotic microangiopathy generally associated with
preeclampsia. Because of its clinical similarity to thrombotic thrombocytopenic purpura,1 studies of
HELLP syndrome have focused on von Willebrand factor (VWF) and its cleaving protease a disintegrin-
like and metalloproteinase with thrombospondin type 1 motifs 13 (ADAMTS13).2-4 Several groups
reported that patients with HELLP syndrome showed a marked increase of plasma VWF antigen (VWF:Ag)
(200%-500%) with a full set of VWF multimers (VWFMs) as compared with normal pregnant women
(;180%).2,3,5 Inversely, patientswithHELLP syndromehad lowor normal ADAMTS13activity (ADAMTS13:AC)
(20%-70%).2-4 These subnormal ADAMTS13:AC levels are thought to be able to eliminate preexisting
unusually large VWFMs, which are responsible for platelet hyperaggregation under high shear stress.6

However, the mechanism underlying increased VWF:Ag levels in HELLP syndrome is still not elucidated.
Previously, we conducted a qualitative analysis of ADAMTS13 antigen (ADAMTS13:AG) in normal plasma,
using isoelectrofocusing (IEF) with a large-pore agarose-acrylamide composite gel, and visualized at least
2 forms of plasma ADAMTS13, bound (;5% of total) and unbound to VWF.7 Subsequently, we
demonstrated that these 2 forms of ADAMTS13 differentially modulated VWF-dependent platelet
aggregation under high shear stress in a dose-dependent manner.7 Here, we performed a comparative
study involving qualitative IEF analysis of ADAMTS13:AG in plasma serially obtained from 8 patients with
HELLP syndrome and plasma from normal pregnant women or those with preeclampsia.

Methods

This study analyzed 128 normal pregnant women, 5 patients with preeclampsia, and 8 patients with HELLP
syndrome, under approval of the ethics committee of Nara Medical University. All participants gave written
informed consent. Plasma levels of ADAMTS13:AC and VWF:Ag were determined by chromogenic
ADAMTS13-act–enzyme-linked immunosorbent assay (ELISA) (Kainos, Tokyo, Japan)8 and a sandwich
ELISA using a rabbit polyclonal anti-human VWF antibody (Dako, Glostrup, Denmark),9 respectively. IEF
using a large-pore agarose-acrylamide composite gel was performed as previously reported7,10; details are
presented in supplemental Methods. In normal citrated plasma, 3 ADAMTS13:AG bands were detected7,10:
band I (isoelectric point [pI], 4.9-5.6) was free (unbound) ADAMTS13:AG, band III (pI, 7.0-7.5) was
ADAMTS13:AG complexed with high-molecular-weight VWFMs, but band II (pI, 5.8-6.7) was undetermined.

All data are expressed as medians unless otherwise noted. Differences in VWF:Ag, ADAMTS13:AC, platelet
counts, and amounts of ADAMTS13:AG bands between all groups were evaluated using the Kruskal-Wallis
test, followed by the Steel-Dwass test on each pair. Statistical analysis was performed using JMP 11.0
statistical software (SAS Institute, Cary, NC). A P value below .05 was considered significant.

Results and discussion

The clinical characteristics and laboratory findings of 8 patients with HELLP syndrome are summarized
in supplemental Table 1. In normal pregnancy, plasma VWF:Ag levels began increasing in the second
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trimester (166.0%). In the third trimester, levels (227.0%) were
almost twice as high as in the first (119.5%). One week after
delivery, levels dropped rapidly (179.5%) (Figure 1A top panel).
Plasma ADAMTS13:AC levels decreased progressively during
pregnancy (first trimester, 84.3%; second, 70.8%; third, 66.8%),
and their reduction continued after delivery (52.1%) (Figure 1A
middle panel). Platelet counts were almost unchanged and stayed
within normal ranges during pregnancy and postpartum (Figure 1A
bottom panel). We then compared postpartum plasma levels of
VWF:Ag and ADAMTS13:AC between normal pregnant women,
patients with preeclampsia, and patients with HELLP syndrome. As
shown in Figure 1B (top panel), preeclampsia and HELLP syndrome
were associated with increased plasma VWF:Ag levels compared
with normal pregnancy. Differences in VWF:Ag levels reached
statistical significance between normal pregnancy and HELLP
syndrome (179.5% vs 352.0%; P , .001). Nevertheless, no
significant changes in ADAMTS13:AC were found between the

3 groups (Figure 1B bottom panel). The IEF assay of ADAMTS13:
AG showed that the median amounts of bands I, II, and III measured
by densitometric analysis in normal plasma were 53.5%, 38.0%,
and 8.5%, respectively. Figure 2A shows the IEF patterns of 5
normal pregnant women (NP1-5) whose plasma was serially
obtained in each of the 3 trimesters, and soon after delivery. No
marked changes were immediately apparent, but densitometric
analysis indicated that the amounts of band I gradually decreased
during pregnancy (first trimester, 44.5%; second, 40.5%; third,
36.6%; postpartum, 38.9%). IEF patterns of preeclampsia patients
(Figure 2B PE1-5) were almost the same as those of normal
pregnant women, with the exception of postpartum day 3 in a PE3
patient. Interestingly, in HELLP syndrome patients (Figure 2C HS1-8),
band I was markedly reduced without exception, especially from
day 1 to day 5 postpartum (Figure 2C) when the median value was
significantly lower than that in normal pregnancy (10.4% vs 38.9%;
P, .05). However, there were no statistical differences in amounts
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Figure 1. Plasma levels of VWF:Ag and ADAMTS13:AC, the

platelet counts during normal pregnancy, and changes of

plasma levels of VWF:Ag and ADAMTS13:AC in patients

with preeclampsia and patients with HELLP syndrome.

(A) Plasma levels of VWF:Ag and ADAMTS13:AC, and platelet

counts, in normal pregnant women. Plasma VWF:Ag levels

increased during pregnancy and peak levels were found in the third

trimester of normal pregnancy, but these decreased rapidly in the

postpartum period (top panel). Plasma ADAMTS13:AC levels

decreased progressively, even after delivery (middle panel). Platelet

counts slightly decreased during pregnancy but were within the

normal range (bottom panel). (B) Comparison of plasma VWF:Ag

and ADAMTS13:AC between normal pregnant women, pregnant

women with preeclampsia, and women with HELLP syndrome in

the postpartum period. Plasma levels of VWF:Ag in women with

HELLP syndrome were significantly higher than those in normal

pregnant women in the postpartum period (top panel, 352.0% vs

179.5%, P , .001). There were no statistical differences in

ADAMTS13:AC between the 3 groups (bottom panel: normal

pregnancy, 52.1%; preeclampsia, 50.9%; and HELLP syndrome,

50.5%). N.S., not significant.
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of band I between preeclampsia and normal pregnancy (29.2% vs
38.9%). Band I also showed a severe decrease in the third trimester
in 5 patients (HS2, HS3, HS6, HS7, and HS8), but recovered at
7 to 9 days postpartum in 2 patients (HS2 and HS4). Amounts of

band III in HELLP syndrome were significantly higher than normal
pregnancy (19.5% vs 7.7%; P , .05), and those of band II were
also higher but not significantly. We previously showed that band I
was the unbound form of ADAMTS13:AG, band III was
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Figure 2. Separation of plasma ADAMTS13:AG by IEF. The week of gestation or the day after delivery is shown at the top of the figure, and plasma levels of ADAMTS13:AC

and VWF:Ag are shown at the bottom. The IEF pattern of ADAMTS13:AG in normal plasma is indicated on the left. The number of days postpartum is indicated with a gray

background. IEF analysis of each sample was performed in a different gel. (A) In all 5 normal pregnant women (NP), band I of ADAMTS13 (ie, the unbound form of ADAMTS13)

slightly decreased during pregnancy. (B) Five patients with preeclampsia (PE) showed no marked changes of IEF patterns, and only patient 3 (PE3) showed a reduction of band I in

the postpartum period. (C) All 8 patients with HELLP syndrome (HS) showed a severe reduction of band I, especially in the postpartum period. c/s, cesarean section.
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ADAMTS13:AG complexed with high-molecular-weight VWFMs,
and band II remained undetermined.7 Furthermore, we demon-
strated that bands I (and II) and band III were separated by
cryoprecipitation, and inhibited VWF-dependent platelet aggrega-
tion under high shear stress via different mechanisms by
cryosupernatant including bands I and II in the initial phase, and
by cryoprecipitation including band III in the later phase, both in a
dose-dependent manner.7 Interestingly, the degree of inhibition of
platelet aggregation at each end point was almost the same,
suggesting that the impact on VWFMs cleavage was fast-acting by
bands I (and II), and slow-acting by band III. Therefore, we speculate
that a severe reduction of band I, resulting in a lack of fast-acting
ADAMTS13, may play a key role in the pathogenesis of HELLP
syndrome. A limitation of this study was that the patient placentas
were not examined pathologically. A recent study showed that
syncytiotrophoblast cells in the placenta adopt vascular character-
istics such as the presence of VWF, CD31 markers, adhesion
molecules, and coagulation components.11,12 Although further
studies are needed, several lines of evidence suggest that
syncytiotrophoblasts constitutively or upon stimulation secrete
VWF into the intervillous space, which can supply the maternal
circulation with additional VWF. In patients with HELLP syndrome,
severe reduction of band I might reflect the consumption of the
unbound form of ADAMTS13 due to unusually large VWFMs, which
are excessively generated during pregnancy. Therefore, replenish-
ment of the unbound form of ADAMTS13 might be a promising
option for the treatment of HELLP syndrome.

Although the number of patients was limited, this study clearly
showed a severe reduction of band I of ADAMTS13:AG in HELLP
syndrome, but not in preeclampsia. However, whether a severe
reduction of band I is found in larger patient groups with markedly
increased plasma VWF:Ag levels remains unaddressed. Furthermore,

we previously showed that ADAMTS13 forms a noncovalent complex
with VWF in plasma that may become dissociated by rigorous
maneuvers.7 The IEF method minimizes this risk, and might therefore
be used as a high-throughput assay.

As a consequence, our findings emphasize the importance of both
qualitative and quantitative assessment of plasma ADAMTS13:AG
in HELLP syndrome.
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