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Background Coagulation factor XHI (FXIII) is a proenzyme of plasma transglutami-
nase. It comprises two catalytic A subunits (FXIIl-A) and two carrier B subunits (FXIII-B).
We previously reported that alloantibodies against FXII-B could promote FXII clear-
ance in a patient with congenital FXIIl-B deficiency who had received infusions of
plasma-derived human FXIII (A,B; heterotetramer).

Objectives We aimed to investigate whether anti-FXII-B antibodies affect the
catalytic function of FXIII.

Methods FXIll activation and fibrin crosslinking were examined in the presence of
patient plasma, isolated patient IgG, or rat anti-FXIIl-B monoclonal antibodies.
Results Alloantibody levels were increased by repeated infusions of plasma-derived
A;B; heterotetramer, which enhanced binding to the functionally important FXIII-B
sushi domains. The patient plasma strongly inhibited cleavage of the FXIII-A activation
peptide, amine incorporation, and fibrin crosslinking in normal plasma. Furthermore,
anti-FXIII-B alloantibodies blocked the formation of the complex of FXI1I-B with FXIIFA,
and fibrinogen. Rat monoclonal antibodies against the 10th sushi domain of FXII-B
inhibited the incorporation of FXIII-B to fibrin, FXIIl activation (i.e., cleavage of FXIIl-A
activation peptide), and ultimately fibrin crosslinking in normal plasma, independent of
their effect on heterotetramer assembly with FXIlI-A. Alloantibody binding to the A;B;
heterotetramer blocked the access of thrombin to the FXIII-A cleavage site, as indicated
by the reaction of the alloantibodies to the A;B; heterotetramer and FXIII-B, but not to
FXI-A.

Conclusion Anti-FXIIFB antibodies binding to the A;B; heterotetramer and FXII-B
inhibited FXIIl activation and its crosslinking function despite being directed against its
noncatalytic subunit (FXIII-B).

© 2023. Thieme. All rights reserved. DOl https:[jdoi.org/
Georg Thieme Verlag KG, 10.1055/2-2057-8710.
Ridigerstrale 14, IS5N 0340-6245.
70469 Stuttgart, Germany
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Abstract

Autoimmune factor XII1/13 deficiency (aFXIIl deficiency) is a rare hemorrhagic disorder, for which typical
guideline-directed treatment is aggressive immunosuppressive therapy. Approximately 20% of patients are
over 80 years old; however, and optimum management of such patients has not reached consensus. Our
elderly patient had massive intramuscular hematoma, and aFXlll deficiency was diagnosed. The patient
opted against aggressive immunosuppressive therapy, so he was managed with conservative treatment only.
Thorough survey of other correctable causes of bleeding and anemia is also required in similar cases. Our
patient's serotonin-norepinephrine reuptake inhibitor use and multivitamin deficiency (vitamin C, By; and
folic acid) were revealed to be aggravating factors. Fall prevention and muscular stress prevention are also
important in elderly patients. Our patient had two relapses of bleeding within 6 months, which were
improved spontaneously by bed rest without factor Xl replacement therapy or blood transfusion.
Conservative management may be preferred for frail and elderly patients with aFXIIl deficiency when they
opt against standard therapy.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Lupus anticoagulant-hypoproaccelerin (factor V) syndrome (LAHPS-V):
a new hemorrhagic condition associated with lupus anticoagulant

Masahiro leko'23

» Sumiyoshi Naito?* - Mika Yoshida® - Kazumasa Ohmura® - Nobuhiko Takahashi® -

Norifumi Sugawara' - Kazuki Kiyohara' - Kenji Shimosegawa' - Akitada Ichinose®

Received: 28 February 2022 / Revised: 16 May 2022 / Accepted: 17 May 2022 / Published online: 24 May 2022

© Japanese Society of Hematology 2022

Dear Editor,

Lupus anticoagulant (LA) is not only an essential marker for
the diagnosis of antiphospholipid syndrome, a common form
of acquired thrombophilia, but is also an independent risk
factor for thrombosis. Two conditions are generally consid-
ered when an LA-positive patient develops bleeding symp-
toms. One is antiphospholipid antibody (aPL)-associated
thrombocytopenia (aPL-TP), which is related to thrombo-
cytopenia, while the other is L A-hypoprothrombinemia syn-
drome (LAHPS), which presents as mild to severe bleeding
symptoms (e.g., intracranial hemorrhage) in an LA-positive
patient with decreased blood prothrombin levels. Addition-
ally, one-third of patients with LAHPS develop thrombosis
at the same time. Hypoprothrombinemia is thought to be
caused by autoantibodies to prothrombin [1].

There are several pathological conditions in which
autoantibodies to coagulation factors cause serious bleed-
ing symptoms, including acquired hemophilia A (AHA)
caused by autoantibodies to coagulation factor VIII (FVIII).
Recently, several cases of FV deficiency due to autoantibod-
ies to FV (autoimmune factor V deficiency: AiFVD) have
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been reported, with some having LA as well. Table 1(A)
shows details of the LA-positive AiFVD cases we found in
a literature search. The presence of autoantibodies to FV
was also confirmed by enzyme-linked immunosorbent assay
(ELISA) in several cases. In patients with AiFVD, in addi-
tion to LA, other aPLs such as anticardiolipin antibodies
have been detected in some cases [2]. In conditions asso-
ciated with autoimmune disorders, such as production of
autoantibodies to coagulation factors, aPL-containing LA
may be produced simultaneously. LA has been detected
not only in AiFVD, but also in acquired hemophilia A [3].
Patients A-1, A-3, and A-4 in Table 1 developed thrombosis.
Patient 2 had no clinical symptoms, and was diagnosed with
AiFVD based on preoperative laboratory abnormalities. It
is unclear whether the onset of thrombosis was due to the
influence of coexisting LA or inhibition of the protein C
anticoagulant system of FV by anti-FV antibody (refer to
A-9in Table 1). In other patients, bleeding symptoms likely
caused by decreased FV activity were observed.

LA was detected using dilute Russell viper venom time
(dRVVT) in seven patients listed in Table 1(A), and by other
methods in four patients. As shown in Table 1(B), the sam-
ple did not coagulate during dRVVT testing in three patients,
leading to an indeterminate LA test result. LA can affect
not only FV activity but also FV inhibitor measurement, as
LA is an autoantibody that inhibits phospholipids involved
in the coagulation reaction, and FV activation may also be
a phospholipid-dependent process. On the other hand, the
FV inhibitor binds to FV in a time-dependent manner and
reduces its activity but does not directly inhibit the phos-
pholipids. LA testing measures the difference or ratio in the
clotting time with and without the addition of excess phos-
pholipids. As FV inhibitors do not directly influence the dit-
ferences or ratio, it is unlikely that the presence of FV inhibi-
tors will affect the LA measurement system. The LA testing
results of the patients listed in Table 1(A) are described
according to the ratio or time difference. However, Tripodi
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Abstract

In patients with autoimmune coagulation factor deficiency (AiCFD]), the production of autoantibodies that
inhibit coagulation factors in the blood reduces the activity of those relevant coagulation factors, resulting
in severe bleeding symptoms. Recently, reports of patients with AiCFD have noted the concomitant
detection of lupus anticoagulant (LA), a risk factor for thrombosis. LA-positive patients may show bleeding
symptoms due to decreased activity of coagulation factor Il (FII) caused by autoantibodies against F1I, in
addition to thrombotic symptoms, a condition termed LA-hypoprothrombinemia syndrome (LAHPS). Anti-
FIl antibodies in LAHPS cases are frequently cleared antibodies that can be detected using immunological
techniques, such as enzyme-linked immunosorbent assay (ELISA). Recently, several cases of coagulation FV
inhibitors, known as autoimmune FV deficiency, have been reported. Some of these cases may be
complicated by LA, which can cause thrombosis. False-positive results for anticoagulant inhibitors are
known to occur in LA cases; therefore, immunological confirmation of antibodies against coagulation
factors is recommended. Additionally, acquired hemophilia A (AHA), caused by autoantibodies against
FVIIL, is a typical acquired hemorrhagic diathesis, although affected patients may present with thrombosis
associated with LA. Thus, it is important to remember that hemorrhagic diathesis due to autoantibodies
against clotting factors can also result in thrombosis, as demonstrated by the co-detection of LA. When
clotting factor inhibitors are detected in LA-positive individuals, it is important to confirm the presence of
autoantibodies against coagulation factors using immunological methods, such as ELISA, to avoid false-
positive results.

© The Author(s) 2023. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses /by/4.0/), which permits unrestricted use, sharing, adaptation, distribution

and reproduction in any medium or format, for any purpese, even commercially, as long as you give appropriate credit to the

original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
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Autoimmune-acquired coagulation factor V deficiency with
hyperfibrinolytic disseminated intravascular coagulation
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Management of Acquired Factor X Deficiency Caused by In
Vitro Non-neutralizing Anti-factor X Autoantibodies with
Pre-emptive Corticosteroid Therapy

Akio Onishi'. Yuji Shimura'’, Takahisa Nakamura', Masayoshi Souri™, Tsukasa Osaki ™,
Shinsuke Mizutani', Taku Tsukamoto', Tsutomu Kobayashi', Akitada Ichinose™ and
Junya Kuroda'

Abstract:

Coagulation factor X (FX) deficiency causes severe hemorrhagic symptoms. We herein report a 90-year-old
man with hemorrhagic symptoms and prolongation of prothrombin time (PT) and activated partial throm-
boplastin time (APTT). Cross-mixing tests showed a factor deficiency pattern, but administration of plasma
products was not effective. Acquired coagulation factor deficiency was suspected, and immunosuppressive
therapy was started. After the intervention, his hemorrhagic symptoms improved. A decrease in FX activity
was later confirmed, and anti-FX autoantibody was retrospectively detected by an enzyme-linked immuno-
sorbent assay. Immediate intervention is important for patients suspected of having acquired coagulation fac-

tor deficiency.

Key words: acquired hemophilia, factor X deficiency, corticosteroid

(Intern Med 62: 2401-2406, 2023)
(DOI: 10.216%internalmedicine.0849-22)

Introduction

While acquired deficiency of factor VIII, i.e. acquired he-
mophilia A, is the most common form of acquired immune-
mediated hemophilia, acquired immunologic deficiencies of
other coagulation factors, such as factors I, V, IX, XIII, and
X, are extremely rare, and their diagnostic methodology and
therapeutic strategy have not been completely estab-
lished (1-3).

We herein report a case of acquired coagulation factor X
(FX) deficiency that was successfully managed with corti-
costeroid treatment initiated prior to confirmation of the de-
ficiency.

Case Report

A 90-year-old man was initially referred to the emergency
department of our hospital and subsequently referred to our
division with a complaint of weakness, right leg pain, and
systemic hemorrhagic symptoms with left periorbital ecchy-
mosis, scattered petechiae and purpura on his extremities
(Fig. 1) and abdomen, and oral mucosal bleeding. His left
eyelid and both thighs had moderate swelling, which were
subsequently determined to be hematomas on computed to-
mography. The patient had mild pyrexia of 37.4°C with an
unknown cause and moderate tachycardia, but the remainder
of his vital signs, including his blood pressure and respira-
tory status, were normal. His medical history included hy-
pertension, diabetes mellitus, hyperlipidemia, and previous

'Division of Hematology and Oncology, Department of Medicine, Kyoto Prefectural University of Medicine, Japan, “Depariment of Blood
Transfusion, Kyoto Prefectural University of Medicine, Japan, *Depariment of Molecular Patho-Biochemistry and Patho-Biology, Yamagata Uni-
versity School of Medicine, Japan and 'The Japanese Collaborative Research Group on Autoimmune Acquired Coagulation Factor Deficiencies
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LETTER TO THE EDITOR

Haemophilia ¢YWFH ,, -

Clinical features and laboratory diagnostic issues of
non-immune, non-amyloid related acquired factor X deficiency

Dear Sir,

As the number of diagnosed patients with autcimmune coagula-
tion factor deficiency (AICFD) increases in Japan, we have conducted
a nationwide survey on this haemorrhagic disorder with the support
of the Japanese Ministry of Health, Labour and Welfare (JMHLW).
Consequenthy, AiCFDs of coagulation factors XII1, VI,V and von Wille-
brand factor have been enacted by JMHLW as designated intractable
diseases (DID). Autoimmune coagulation factor X (FX) deficiency
(AiF10D) was recently added to DIDs.

AiIF10D is much less prevalent than the other AICFDs, and only
nine AiF 10D cases with anti-F X autoantibodies (anti-F X-autoAbs) have
been confirmed.’”3 During the last 4 years, we focused our search
on AiF 10D, induding FX inhibitors (FX-inh) and identified three new
cases. Moreover, we identified six cases of “non-immune and non-
amyloid related (termed NINA)" acquired FX deficiency (acF10D) in
Japanese individuals through periodic extensive literature searches
using the PubMed and Igaku Chuo Zasshi databases (last accessed on
21 December 2021).%

In total, 54 carefully selected cases with suspected AIF10D were
classified into two groups, 28 NINA acF 10D and 26 confirmed AiF10D,
depending on the absence or presence of anti-FX-autoAbs or FX-
inh in patient specimens, following the diagnostic criteria defined by
JMHLW.! There are at least three types of isolated acF 10D; 1) NINA
of anti- FX-autoAbs (-) & FX-inh(-); 2) AiF10D of anti-FX-autoAbs (+) &
FX-inh {-); 3) AiF 10D of anti-FX-autoAbs (+) & FX-inh (+).}-% Unfortu-
nately, there are neither standardised immunological anti-FX-autoAbs
nor functional FX-inh assays.

Although we published a review of AIF10D to clarify its basic
characteristics,’ further investigation is necessary to distinguish
between NANA and AiF10D due to their different treatments. This
study presents the clinical features of NINA compared with those
of AIF10D! to improve the understanding and awareness of these
diseases.

The number of male patientswas slightly higher than that of females
in the NINA (p = .019) and AiF10D groups (Table 1). The sex ratio
(M/F) in patients with NMINA was lower than in AIF10D. The sex
ratio of the former was similar to that reported in a previous review
(15/13 = 1.15 vs. 18/16 = 1.13) involving both FX-inh-suspected and
FX-inh-positive cases.*

The mean age of patients with NINA was 51.0 years (median 57.0
years) and was insignificantly younger than patients with AIF10D
(Table 2). The mean ages of both NINA and AiF 10D groups were lower
than other AICFDs, mostly occurring in the eldery.

Most patients with NINA had some underlying diseases/conditions
(82%), while none was found in 18% of patients (Table 1); 25%
of patients with NINA had infectious diseases (mostly respiratory
system).

MNotably, bath hematopoietic malignancies (18%) and solid cancers
(14%) were found only in NINA but not in AIF10D (p = 026 and
p =.049, respectively). Some patients with acute myelocytic leukaemia
(AML) and those with cancer showed disseminated intravascular coag-
ulation (DIC) complication, wherein FX levels might be decreased
due to hyper-consumption. However, this inference may be incorrect
because patients with DIC generallyhave mild "multiple” clotting factor
deficiencies rather than severe “isolated” FX deficiency.®¢

Mast patients with NMINA showed bleeding in soft tissue regions,
such as subcutaneous tissues (43%), the intestines (50%) and the uri-
nary tract (46%) (Table 1). Patients with NINA demonstrated less
frequent intramuscular bleeding than patients with AiF10D (p = .014).
However, most bleeding symptoms were similar between the two
groups (p > .05), indicating that NINA may belong to severe haem-
orrhagic disorders. When applied the categories of clinical bleeding
severity,’ it was noted that 46% of patients with NINA and 22% of
patients with AiF10D! demonstrated Grade 1l bleeding (p = .034).
While 46% of patients with NINA showed Grade 11l bleeding, 70%
of patients with AiF10D did®; this value of NINA is higher than that
(23.5%) in congenital FXD.” The remaining 8% of patients with NINA
showed Grade 0(no bleeding).

The mean haemoglobin concentration in patients with NINA was
higher than that in AiF10D (p = .015) (Table 2), reflecting the lower
severity of bleeding in the NINA group: patients with NINA pre-
sented less bleeding frequency than patients with AiIF10D" (2.29 vs.
3.35 sites/events on average) and lower bleeding severity grade than
patients with AiF 10D.

The platelet count of patients with NINA was insignificantly lower
than AIF10D,! which is partly explained by the fact that patients
with chronic lymphocytic leukaemia (CLL) and those with AML were
included (4 and 57 x 10%/L, respectively) in the NINA group.

Both prothrombin time (PT) and activated partial thromboplastin
time (aPTT) were considerably or extremely prolonged in both the
NINA and AiF10D groups (Table 2).

FX activity (FX:C) was also severely reduced in both the NINA
and AiF10D groups (Table 2). There was a weak negative correlation
between FX:C levels and the severity grade of bleeding symptoms only
in patients with NINA (R = —0.3870, p = .0461), inconsistent with the
previous report® FX antigen (FX:Ag) was always decreased severely

1150 I 22023 John Wiley & Sons Ltd.
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Amyloid deposition through endocytosis in vascular
endothelial cells

Seiji Nishikage®, Akira Fujisawa®, Hiromi Endoh"”, Hiroraka Sakamoto®, Tomohide Suzuki®,
Maki Kanzawa®, Shinichi Ishii, Misumasa Okano®, Eriko Nitta”, Kimikazu Yakushijin',
Hidesaku Asakura®, Kandai Nozu", Ryo Nitta”, Yoshio Katayama™, and Kazuhiko Sakaguchi***

* Division of Gemeral Intermal Medicine, Depaytment of Internal Medicine, Kobe University Graduate School
of Medicine, Chuo-kw, Kobe, Japan; *Division of Structwral Medicine and Anatomy, Department of Plysiol-
agy and Cell Biology, Kebe Univeraty Graduate School of Medicine, Chuo-ku, Kobe, Japan; “Department of

Biology, Faculty of Envivenmental, Life, Natural Science and Technology, Obayama University, Kita-ku,
Okayama, Japan; “Division of Hematology, Department of Internal Medicine, Kobe University Graduate
School of Medicine, Chuo-ku, Kobe, Japan; “Diviston of Diagnostic Pathology, Kobe University Graduate
School of Medicine, Chuo-ku, Kobe, Japan;” Division of Oncolagy/Hematology, Department of Internal Medi-
cine, Kobe University Graduate School of Medicine, Chuo-kn, Kobe, [apan;” Department of Hematolagy,
Kanazawa University Hospital, Kanazawa, Japan; " Department of Pediatrics, Kobe University Graduate
School of Medicine, Chuo-ku, Kobe, Japan

MNo mechanistic lead is known for establishing AL amyloid deposits in organs. We here report an electron
microscopic (EM) analysis in a case of intestinal AL amyloidosis before initiating treatment for amyloidosis.
The dense deposits of amyloid fibrils are concentrated around the small blood vessels in the submucosal
area of intestinal tissue. Surprisingly, we observed endothelial cells (ECs) of blood vessels containing plenty
of endocytotic (pinocytotic) and transcytotic vesicles at the luminal side and above the basement mem-
brane, indicating the one-way active trafficking of either the immunoglobulin (lg) light chain or preassembled
amyloid fibrils from the luminal side of ECs to the extraluminal area of ECs. Immunoelectron microscopy dis-
played that the immuno-gold signals were observed in the vascular cavity and the subendothelial area of
amyloid deposits. However, there is no sign of an Ig light chain in pinocytotic vesicles. Therefore, the intesti-
nal ECs may actively pump out mainly the preassembled amyloid fibrils (not light chains) from the blood
stream into the subendothelial area as a physiologic function. ® 2023 ISEH - Society for Hematology and
Stemn Cells. Published by Elsevier Inc. All rights reserved.

damage and tissue architecture distortion, resulting in organ dysfunc
tion and a poor prognoss (approximately 30% survival probability in
10 vears from diagnoas, even in stage |l patients) [2]. As critical prog
nostic factors, cardiac soluble biomarkers (troponin T/troponin | and
brain natriuretic peptide [BNPL/MN-terminal pro-BNP) and the differ
ence between involved and uninvolved light chains are used for stag
ing models [3—61. Amyloid fibrils are proposed to be asembled in
mesangial cells in kidneys through the endocytosis of free-light chains,
followed by the fuson of endosomes containing misfolded light
chains with lysosomes [7]. However, no mechanistic lead is known
for establishing amyloid accurmulation in vivo. One of the reasons
why this study stagnates may be that the dinical diagnoss of amyloid

osis 15 usually made by the pathologic examination of biopsy speci

mens or autopsy tissues that are often too small, partial, or damaged
at the terminal stage to assess the disease process.

* Massive endocytosis by endothelial cells was found inintestinal
AL amyloidosis.

* Endothelial cells likely pump out the amyloid fibrils to form tissue
amyloidosis.

» Amyloidosis is established using the physiologic function of
endothelial cells.

Primary amyloidoas (AL amyloidosis) is a disease form of amylaoid
depostion in multiple ongans in plasma cell dyscrasias that produces
amyloidogenic monodonal immunoglobulin (lg)—free-light chamns.
The heart is the most vulnerable organ in this disease because amyloi
dogenic light chain proteins directly cause cardiomyocyte dysfunction

and apoptosis, independent of amyloid fibril deposition [11. In addi
tion, the depostion of amyloid fibrls in multiple organs causes cell

We treated a case of AL amyloidosis complicated with colon can
cer in which the intestinal tissue was obtained using hemicolectomy

Address comaspondence to Yoshio Katayama, Division of Hematology, Dapart-
ment of Intemal Medicine, Kobe University Graduate School of Medicine, 7-5-1
Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan; E-mail: katayama@med. kobe-u.
ac.jp.

Address correspondence to Kazuhike Sakaguchi, Division of General Internal
Medicine, Department of Intemal Medicine, Kobe University Graduate School of
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Medicine, 7-51 Kusunoki-cho,
E-mail: kzhkskgc@med. kobe-u.acjp.

0301-472X/8 2023 ISEH - Society for Hematology and Stem Cells. Published by
Elsevier Inc. All dghts reserved.
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Newly developed modified diluted prothrombin time reagent: A multi-centre validation in patients e
with non-valvular atrial fibrillation under direct oral anticoagulant therapy

ARTICLE INFO

Keywords
Apixaban
Edoxaban
Rivaroxaban

Oral anticoagulant
Prothrombin time

Dear Editors,

In recent years, direct oral anticoagulants (DOACs) that target
thrombin and factor Xa have been developed, and DOACs have many
advantages over vitamin K antagonists (VKA). The use of DOACs
without the routine monitoring and frequent dose adjustment has been
shown to be safe and effective in the majority of patients making them
more convenient anticoagulants than VKA [1-3]. However, it was re-
ported that the measurement of DOACs effects would be required in the
clinical circumstances of specific patients with renal impairment, liver
disease, low residual coagulation activity or major bleeding [4]. One of
the measurement assays is diluted prothrombin time (dPT), which has
been optimized for increased sensitivity by reducing the concentration
of tissue factor [5]. We previously developed a novel dPT assay with a
new formula to normalize the effect of thrombin generation, the values
showed the positive correlation against DOACs concentrations [6]. As a
further study, we have tried to develop a reagent with higher sensitivity
than dPT and have now developed modified diluted PT (mdPT) assay.
Although the coagulation screening assay called as global assays are
affected by endogenous coagulation activity changes and coagulation
inhibitors and lack the specificity for the measurements of DOACs
anticoagulation, it is also hypothesized that the results include the ef-
fects of not enly DOACs concentration but also coagulation activity and
inhibitors and might find the tendency and risk of bleeding and
thrombosis. The purpose of this study was to perform the validation of
mdPT reagent and investigate whether mdPT reagent could find these
tendencies by comparing the results with the drug concentrations.

Samples were collected from non-valvular atrial fibrillation (NVAF)
patients taking apixaban, edoxaban or rivaroxaban, to prevent cardio-
genie cerebral embolism, who were recruited from patients visiting The
Cardiovascular Institute, Tokyo Women's Medical University, National
Hospital Organization Kyoto Medical Center or National Hospital Or-
ganization Kyushu Medical Center from January 2017 to September
2019. The number of samples in apixaban, edoxaban and rivaroxaban
groups were 275, 257 and 243, respectively. Informed consent was
obtained from all patients and the study was approved by the research
ethics committees of all institutions and conducted in accordance with

https://doi.org/10.1016/j.thromres. 2021.12.028

the Declaration of Helsinki. Blood samples were collected as plasmas
and stored at —80 °C until use. The mdPT reagent was developed based
on dPT method in Sysmex Corporation (Kobe, Japan). DOACs concen-
trations in the samples were detected using BIOPHEN DiXal (HYPHEN
BioMed, Neuville-sur-Oise, France) with each calibrator for apixaban,
edoxaban and rivaroxaban. For these samples, coagulation factor assays
for factor 11, V, VII and X were performed using Dade INNOVIN (Siemens
Healthineers, Erlanger, Germany) with low interference of DOACs and
factor deficient plasmas for factor I1, V, VII and X (Siemens Healthineers)
by high dilutions to reduce DOACs interference in the assays, respec-
tively [7.8]. All measurements were performed using an automated
coagulation analyser CS-5100 or C8-2400 (Sysmex Corporation). For the
evaluation of the effect of DOAC concentrations on mdPT, a ratio of
inhibited thrombin generation (RITG) was calculated, as previously
deseribed [6]. RITG = (X = Y)/Y x 100, where X = the clotting time of
patient sample and Y = the clotting time of normal sample. The
following data analysis was performed for apixaban, edoxaban and
rivaroxaban samples, respectively. First, the correlation between drug
concentration and RITG in mdPT was investigated by the correlation
coefficient. Second, the distributions of coagulation factors were eval-
uated, 1) In each treatment group, the range of 99th percentile confi-
dence interval in the data distribution was determined on the scatter
plot based on the linear regression equation; 2) The samples were
divided into three groups: Group 1, lower discrepancy group; Group 2,
within the 99th percentile group; Group 3, higher discrepancy group,
and 3) The distribution of factor I, V, VII and X were compared among
group 1, 2, and 3 in each treatment group, where the difference was
tested by Mann-Whitney U test. P-value below 0.05 was considered to
be statistically significant.

We found that there were many discrepancy samples at three drugs
in the correlation analysis, although the values of correlation coefficient
were more than 0.814 (Fiz. 1). In the comparison of ceagulation activity
among three groups, the numbers of samples in group 1, 2, and 3 were
107, 74 and 94 for apixaban, 102, 53 and 102 for edoxaban, and 110, 45
and 88 for rivaroxaban, respectively (Fig. 2). The coagulation activities
of group 3 were significantly lower than those of group 1 at all four
coagulation factors in apixaban and edoxaban. It was also confirmed

Received 4 September 2021; Received in revised form 2 November 2021; Accepted 27 December 2021
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0049-3848,/C 2022 Elsevier Ltd. All rights reserved.
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Lupus anticoagulant-hypoprothrombinemia syndrome and similar
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Abstract

Patients with lupus anticoagulant (LA), a thrombotic risk factor, along with decreased prothrombin (FII) activity are classified
as lupus anticoagulant-hypoprothrombinemia syndrome (LAHPS) and occasionally show bleeding symptoms, although this
is not essential for diagnosis. We treated 20 cases of LAHPS over a 3-year period. Median FII activity was 20.9% and the
anti-prothrombin antibody (anti-II Ab), shown by ELISA findings, was detected in 55%. Bleeding symptoms were observed
in 20%, although that finding was not correlated with FII activity or anti-FII Ab quantity. We also observed 21 LA cases with
decreased activity of coagulation factors other than FII. which we have designated LAHPS-like syndrome (LLS). Among
LLS patients, anti-FII Ab and bleeding symptoms were seen in 47.6% and 14.3%, respectively. Our findings suggest that
bleeding in LAHPS and LLS cannot be explained only by FII activity decreased by anti-FII Ab. Low FVIII activity and the
anti-FVIII antibody (anti-FVIII Ab) were detected in some LAHPS and LLS patients, making it difficult to distinguish those
from acquired hemophilia A cases. Detection of anti-FVIII Ab quantity by ELISA may be useful for accurate determination,

as that was not performed in our LAHPS or LLS patients.

Keywords Lupus anticoagulant - Prothrombin activity - Anti-prothrombin antibodies - Anti-factor VIII antibodies

Introduction

Lupus anticoagulant (LA) is an immunoglobulin that inhibits
phospholipid-dependent clotting time without inhibiting the
activity of individual coagulation factors [1]. LA is used
as a diagnostic test for antiphospholipid syndrome (APS)
[2], a typical acquired thrombotic predisposition. Further-
more, LA is also an independent risk factor for thrombosis
(odds ratio reported to range from 4.0 to 11.4) [3, 4]. The
antibody responsible for LA has not been clarified, though
the anti-p2-glycoprotein I (ap2GPI) and phosphatidylserine-
dependent anti-prothrombin (aPS/PT) antibodies have been
speculated as candidates [3, 5].

Patients with LA and bleeding symptoms often have
thrombocytopenia as well. LA is also associated with
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bleeding as a consequence of hypoprothrombinemia.
Patients with concomitant acute acquired hypoprothrom-
binemia and LA, termed lupus anticoagulant-hypoprothrom-
binemia syndrome (LAHPS), sometimes show decreased
coagulation factor activity and positivity for coagulation
factor inhibitor activity [6, 7]. LAHPS is mainly found in
children with LA [8] and accompanied by a decrease in
plasma prothrombin activity. Bleeding symptoms are occa-
sionally seen in these cases, which are thought to be due to
a reduction in prothrombin (FII) activity by autoantibodies
against FII, an anti-prothrombin antibody (anti-FII Ab) that
is not an antiphospholipid antibody (aPL) [9].

In recent years, several cases of LAHPS have been
reported in Japan [10]. In the present study, we summarized
the characteristics of LAHPS and similar diseases based on
analysis of aPLs and coagulation factors in cases experi-
enced at our facility over a period of 3 years.
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Abstract

Patients with lupus anticoagulant (LA), a thrombotic risk factor, along with decreased prothrombin (FII) activity are classified
as lupus anticoagulant-hypoprothrombinemia syndrome (LAHPS) and occasionally show bleeding symptoms, although this
is not essential for diagnosis. We treated 20 cases of LAHPS over a 3-year period. Median FII activity was 20.9% and the
anti-prothrombin antibody (anti-IT Ab), shown by ELISA findings, was detected in 55%. Bleeding symptoms were observed
in 20%, although that finding was not correlated with FII activity or anti-FII Ab quantity. We also observed 21 LA cases with
decreased activity of coagulation factors other than FII, which we have designated LAHPS-like syndrome (LLS). Among
LLS patients, anti-FII Ab and bleeding symptoms were seen in 47.6% and 14.3%, respectively. Our findings suggest that
bleeding in LAHPS and LLS cannot be explained only by FII activity decreased by anti-FII Ab. Low FVIII activity and the
anti-FVIII antibody (anti-FVIII Ab) were detected in some LAHPS and LLS patients, making it difficult to distinguish those
from acquired hemophilia A cases. Detection of anti-FVIII Ab quantity by ELISA may be useful for accurate determination,

as that was not performed in our LAHPS or LLS patients.
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Introduction

Lupus anticoagulant (LA) is an immunoglobulin that inhibits
phospholipid-dependent clotting time without inhibiting the
activity of individual coagulation factors [1]. LA is used
as a diagnostic test for antiphospholipid syndrome (APS)
[2], a typical acquired thrombotic predisposition. Further-
more, LA is also an independent risk factor for thrombosis
(odds ratio reported to range from 4.0 to 11.4) [3, 4]. The
antibody responsible for LA has not been clarified, though
the anti-p2-glycoprotein I (ap2GPI) and phosphatidylserine-
dependent anti-prothrombin (aPS/PT) antibodies have been
speculated as candidates [3, 5].

Patients with LA and bleeding symptoms often have
thrombocytopenia as well. LA is also associated with
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bleeding as a consequence of hypoprothrombinemia.
Patients with concomitant acute acquired hypoprothrom-
binemia and LA, termed lupus anticoagulant-hypoprothrom-
binemia syndrome (LAHPS), sometimes show decreased
coagulation factor activity and positivity for coagulation
factor inhibitor activity [6, 7]. LAHPS is mainly found in
children with LA [8] and accompanied by a decrease in
plasma prothrombin activity. Bleeding symptoms are occa-
sionally seen in these cases, which are thought to be due to
a reduction in prothrombin (FII) activity by autoantibodies
against FII, an anti-prothrombin antibody (anti-FII Ab) that
is not an antiphospholipid antibody (aPL) [9].

In recent years, several cases of LAHPS have been
reported in Japan [10]. In the present study, we summarized
the characteristics of LAHPS and similar diseases based on
analysis of aPLs and coagulation factors in cases experi-
enced at our facility over a period of 3 years.
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