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synthesis and/or hyper-consumption of F13 due to pri-
mary diseases [3,4,6].
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ease characterized by the presence of autoantibodies
directed against various clotting factors [7]’. The inci-
dence of ‘acquired haemophilia A (AHA) due to anti-

autoantlbodxes, etc.] have been descrxbed prevxously
[11,21,22], except for the ELISA to detect anti-F13-A

Haemophilia (2015), 1-6
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ORIGINAL ARTICLE 3 In contrast, data on a few cases of ‘autoimmune hae-
4 mophilia-like disease (or hemorrha-philia) due to anti-
Clinical features of 32 new ]apanese cases with 5 F13 antibodies (termed AH13)" have been reported
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autOImmune haemOfrha phlha due to antl faCtOr / acquired F13 inhibitors (excluding one patient with  university or public hOSpll‘alS and:. h:
g anti-fibrinogen antibodies and two patients with anti-  Patients who were bleedmg ac
antlbOdleS 9 F13 alloantibodies) were reported in the last century 1 were exam-
10 [10]. AH13 must be distinguished from non-autoim- ,11]: healthy
GROUP 11 mune haemorrhagic acquired F13 deficiency (HAF13- evere bleeding
17 def) [9] in that AH13 is more severe than HAF13def, of bleeding disor-
WELFARE)? 13 and requires immunosuppressive therapy to eradicate  ders, prolonged clottir platelet abnormali-
Dep of Molecular Patho-Biochemistry and Patho-Biology, Y. Ui Japan 14 autoantibodies, as well as F13 replacement therapy to  ties, in which ca physicians contacted
- 15 stop bleeding. Nevertheless, even severe F13 deficiency ~ members of the studs ppendix).
16 in AH13 patients tends to be overlooked by clinicians, Whole blood was collectedinto tubes containing a
17 because thus far, there is no routine standard screening  one-tenth volu 2% sodium citrate. Plasma
Summary. Autoimmune haemophilia-like disease (or  Intramuscular and™ utaneous bleeding were the 18 test to detect abnormal F13 activity. samples were quick-frozen and sent to B (SRL Ltd.,
haemorrha-philia) due to anti-factor XII (FXII; F13  leading symptoms (both’ 72%). Most of our patients 19 The number of diagnosed AH13 cases recently — Hachioji, Japan) for measurement of the plasma F13
to avoid confusion with FVIII or FXII) antibodies were treatédwith F13 concentrates (72%) to arrest 20 seems to be on the increase in Japan [11] when com-  activity withan, ammonia release assay using a Beri-
(termed AH13) is a severe bleeding disorder. Although  bleedingand prednisolone (81%) to eradicate 21 pared to that of previously reported cases in the last
AH13 is thought to be rare, ‘the number of its i-F13; ibodies. Cyclophosphamide and 22 century [12-19]. Accordingly, we investigated exclu-
diagnosed patients” has recently increased in Japan. "25%) were also administered. The - 23 sively bleeding patients to clarify the actual status of
However, its prevalence remains unknown. To 13 was high (22%), and haemorrhage 24 AH13. As a result, we diagnosed 32 new Japanese
improve understanding of this disease, we examined 25 patients with AHI13 in the last 4 years. The 12
and diagnosed 32 ‘new’ Japanese patients with AH13. 26 patients previously reported in ref. [11] were not
The presence of antibodies against F13-A subunit and/: haemorr agic death. Physicians/haematologists must 27 included in duplicate in this cohort. Thus, this repo:
or F13-B subunit was confirmed by using a dot blot’ the awareness of AH13 as a life-threatening 78 represents the only as well as the largest experience of
test and enzyme-linked immunosorbent assays. Most>  disease. This report represents the only experience of 29 a nationwide survey documented, to date. The prcsent . Ten microlitres of the diluted plasma was
of our patients had autoantibodies against the nationwide survey, and may contribute to a 30 manuscript aimed to characterize the presenting symp- <‘applied to a 96-well plate coated with anti-F13-A
subunit (88%). A predominance of men (59% diagnosis on potentially overlooked non-Japanese 3 toms and outcomes of these AH13 patients to im Ab and incubated. The plate was incubated with
observed. The mean age and residual F13 ‘AH13 patients in other countries in the world. 32 understanding of this disease. roxidase-conjugated anti-human IgG. A 10-min
33 assay was performed using TMB substrate. Cases with
Keywords: autoimmune disease, chronic intractable dis- 34 . HAF13def secondary to other diseases, such as dis-
cas)é, haemostatic therapy, immunosuppressive treatment, 3 Methods and materials seminated intravascular coagulation, were excluded
life-threatening bleeding disorder, nationwide survey 36 Recombinant F13-A (rF13-A) was a easily because of the absence of anti-F13 antibodies.
37 Dr. P. Bishop of Zymogenetics (Sez For statistical analysis, values were expressed as
38 was expressed using a baculovirus mean * SD or as median when specified. Compari-
39 sons between groups were performed using Kruskal—
safety measure) is a fibrin-stabilizing factor and com- 40 Wallis tests unless specified, or Fisher’s exact tests
prises a hetero-tetramer formed by two catalytic A 41 vided by Dr. G. Reed of Ma (2 x 2 table) when appropriate, of SAS Enterprise
r. F13 is used to subunits (F13-A) and two non-catalytic carrier B su- a2 pital (Harvard Medical.xScho Guide 6.1 (SAS Institute, Cary, NC, USA). Differences
FXII for medical  bunits (F13-B) [1-4]. Congenital F13 deficiency can 43 idi were significant at a P-value of <0.05.
cause lifelong severe bleeding and abnormal wound 44
y healing, and recurrent miscarriages in women. It is a 45 B . .
f;;f:f;;:dgzom 4 t\g)t’h:_ ;?;b];;fm;f:::;;: very rare form of kﬁxcmorr:agcilc c}is?r?er tgat occurs i? ¥ é—w Sin;tin].xtic;r;{l :ievfew Results and discussion
-9585, Japan. in only one in 3 million individuals [1], and approxi- 7 versity School of Medicine. . R
EFI;‘VTZIIW 253:};;4;1 52’76- fax: +81 23 628 55;98((’),9 85 Jep mate]; 600 cases have been identified worldwide [S]. 48 ted in accordance with the Number of diagnosed AHI3 cases in Japan
jata-u.acjp By contrast, acquired F13 deficiency is much more 49 Declaration "o " Written informed consent ~ We diagnosed a total of 32 new AH13 cases during
common, frequently characterized by a non-autoim- 50 was obtaj | participants including AH13 the last 4 years, from late 2010 through 2014
mune secondary decrease in F13 resulting from hypo- 51 cases of dy. (Table 1). During the preceding 7 years, until early

2010, when we consulted physicians in charge of the
AH13 cases, there was only 1 or 2 AH13 case per
year [11]. However, the number of diagnosed AH13
cases has increased from late 2010, and 15 AH13
cases were diagnosed during 12 months (the Japanese
business year between April 2013 and March 2014).

© 2015 John Wiley & Sons Ltd
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Table 1. Presenting characteristics of two Japanese patients with AH13.
No. (%)

Reported/diagnosed year
2010
2011
2012

2 6
3
8

2013 12 38
7
2

9

2014

Total 3
Gender

Fernale 13 41

Male 19 59

Total 32 100
Age category

<40 0 0

<60 2 6

<80 23 © 72

280 7 22

Toral 32 100
Sites of bleeding

3
Kidney/urinary 3
RetroP 2
PostOpe. 2
Comp . 2
J 2
Spl Rap 1
Total 32
Residual F13 activity

0to<5%

510 <10% 15

10 to <20% 6
220% 4

Low 0
Total 2
Target of antibody

1gG to F13-A

1gG to F13-B

Anti-F13

nd.

Total
Underlying disease

None

Autoimmune disease

Cancer

Diabetes mellitus

Hepatitis

Schizophrenia

Syphilis

n.d., not described; SC,
tinal; IC, intracranial; ]
tion site; RetroP, re
Rap, spleen rupture;

began a nationwide survey in Japan in
the awareness of AH13 may have
increased:=""Actually, leaflets, questionnaires and/or
annual research report booklets on AH13 have been

© 2015 John Wiley & Sons Ltd

sent to approximately 2000 hospitals, twice every year

idly ageing socxety, ranking first in the
therefore, the Japanese may be more
AH13, for some unknown reason rel

more patlents

Age and gender

The incidence of
study sample , he mean age was
71.7 = 9.3 ye 2, medlan 70.5 years). There
were more patients™in he age group 60 to <80 years
ge groups’ (72%), when compared to
er age groups (P = 0.0005). In our
not occur in childhood or youth

AH13 patients (59% men and 41%
e 1), which is similar to the previous

Bleéding sites and symptoms

eeding symptoms among our 32 AH13 patients var-
d considerably (Table 1). Most of them bled in soft
tissues, and intramuscular (72%) and subcutaneous
(72%) bleeding were the leading sites of haemorrhage.
In contrast, postsurgical bleeding was rarely observed
(6%).

It is important to observe that intracranial bleeding
occurred in 4 of our 32 AH13 cases (13%, Table 1).
Furthermore, six patients manifested intraperitoneal
or retroperitoneal bleeding (19%). One of our AH13
cases manifested spleen rapture spontaneously., These
results indicate that AH13 is one of the most severe
life-threatening haemorrhagic diseases.

It is important to note that the bleeding symptoms
of AH13 are indistinguishable from those of 149
AHA cases in the United Kingdom [8]. Therefore,
AH13 must be differentially diagnosed according to
specific coagulation tests as proposed by our collabo-
rative research group [11], but not depending upon
haemorrhagic symptoms per se.

Residual F13 activity

The mean residual F13 activity was 10.5 + 8.5%
(n=32; median 7%) among our AH13 patients
(Table 1). More patients (15/32 = 47%) exhibited a
residual F13 activity between 5% and <10% (arbi-
trary category) when compared to those with <5%

Haemophilia (2015), 1-6
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(arbitrary category) of F13 activity (7/32 = 22%).
Only one case of the former group had received F13
concentrates before blood collection. There was no
clear relationship between the residual F13 activity
and bleeding severity, because even patients having
>10% of mnormal FI13 activity (9/10, 90%)
manifested spontaneous bleeding (Table 1), except
for one patient who developed only postoperation
bleeding.

These findings may merely reflect the fact that resid-
ual F13 activities in patients were measured in a com-
mercial service laboratory using an ammonia release
assay, which usually yields high background/blank
values [23].

Major targets of F13 autoantibodies

Among our 32 AH13 patients, 88% developed anti-
F13-A autoantibodies, whereas only five patients
(16%)  developed  anti-F13-B  autoantibodies
(P <0.0001; Table 1). Among them, two patients
developed anti-F13-B autoantibodies alone, and the -
remaining three patients had both anti-F13-A and
anti-F13-B autoantibodies.

These results suggest that AH13 patients with anti-
F13-B autoantibodies may be overlooked because they
usually manifest milder bleeding symptoms,
observed in congenital F13-B deficiency [3,4]. This
consistent with the fact that these two patient:
relatively higher residual F13 activities, corresp
to 41%, and 13%, respecﬁvely An exception

[24]. Inc1denta1ly, F13 activity and F13-
els are normally not measured by ge:

Physicians should understand th;
assays exhibit greater accuracy
and can detect both neutralizing
antibodies, whereas funcnona :
ately apparent inhibitors but:!
tralizing antibodies.

Underlying diseases

No underlying coi d' {
AH13 patients > AHA patients [8]. Of
note, five pati had malignancies, two
patients (6%), | h viral hepatitis, and one
patient presé ed syphilis. Incidentally, no
AH13 ¢ ciated with pregnancy, in con-
trast to ases'in the United Kingdom [8]. Five
ad autoimmune disorders, which

widely accepted that malignancies,
infectious and autoimmune diseases
are related”to compromised immune reaction to some

extent,

Haemophilia (2015), 1~6

Haemostatic treatment

Because of the presence of severe F13 del

administered to most of our AH13
Table 2).  Fortunately,

tate was not administ
not commercially a
recombinant activate
our AH13 cases
laborative  Rese:

1) was not used in
data of Japanese Col-

(JCRG)], probably
have normal amounts of
endogenous FVI
exogenous FVIla. rtunately, there is neither an
bypassing agents for F13. This is a

iTable 2. Management and prognosis of AH13 cases.

No. (%)
Haemostatic treatment

23 72
RCC 6 19
FFP 7 22
Tr 14 44
Ad 3 Bl
None 3 9
n.d.unknown 1 3
Total 32
Ab eradication
PSL 26 81
cr 8 25
RTX 8 25
cs 4 13
Pulse 4 13
PE 2 6
ig 1 3
None 3 9
n.d/unknown 1 3
PSL only 9 28
Total 32
Prognosis/outcome
Recovered s 16
Death 7 22
Under treatment 18 56
Monitoring 2 6
Total 32 100

n.d., not described; Ab, antibody; Ad, adrenalin; FFP, fresh frozen
plasma; IVIg, intravenous immunoglobulin; RCC, red cell concentrates;
Tr, acid; CP, cyclophosphamide; CS, cycl ine; PE, plastoa
exchange; PSL, predomso]one; Pulse, steroid pulse; RTX, retuximab.

© 20135 John Wiley & Sons Ltd
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fully survived the life-threatening acute pha
reinforces that AH13 should be considere
intractable disorder.
The mean age of the seven non-survi

Antibody eradication therapy

Most of our AH13 patients (81%) were initially trea-
ted with prednisolone (PSL; Table 2). Cyclophospha-
mide was administered as second-line therapy (25%
of all cases). Steroid therapy alone may not be suffi-
cient to suppress autoantibody production because
only one out of our nine AH13 patients who were
treated with PSL alone recovered (data not shown).

Rituximab, an anti-CD20 mAb, has been used in
25% AH13 patients (Table 2). Although RTX has
been used in Japanese AH13 patients since 2010, it
still has not been approved for AH13 treatment by
the public medical insurance in Japan, and its off-label
use is restricted for Japanese physicians who treat
AH13 cases.

There was a scarcity in the use of high-dose intrave-
nous immunoglobulin (3%) and the performance of ..o
plasma exchange (6%) in our AH13 patients, High- A third of our pa (3 out of 9 patients, 33%)
dose intravenous immunoglobulin is not recommended ly steroids died (vs. 7 deaths out of
for AHA patients [26]. Of note, the effect of plasma its, 22%, P = 0 66 by Fxsher s exact
exchange and immune-adsorption is transient because
these procedures only remove or reduce anti-F13 au-
toantibodies in patents’ plasma, but do not interrupt
the synthesis of these autoantibodies.

The optimal immunosuppressive strategy has not
been defined for AH13 yet. As more data become
available by accumulating experience, the efficacy o
these treatment regimens may justify recommendati
of novel first-line therapies for AH13.

vived patients (5.6 + 1.6%
(11.9 £ 10.8%, P = 0.35).

atients who had received
ients without FFP, 12%,
3 est). Two of seven non-
) did not receive F13 concen-

Four of our seven (5
FFP died (vs. 3 ou

and anéther patient has died from intestinal perfora-
‘tion during steroid tapering (Table 3). These results
hlghhght the need to senous]y consider the adverse
ffects of immunosuppressive therapies, as recom-
ended for the treatment of AHA [8].

Outcome and prognosis
Conclusion

This manuscript represents the one and only as well
as the largest and longest duration experience of a
nationwide survey reported, to date. AHI13 is a
chronic intractable disease. Affected patients require
long-term medical care. At the same time, AH13 is
definitely a life-threatening disease. Unless treated
ples’. These findings promptly and aggressively [27], patient may die of
areness of this dis-  haemorrhage either during the acute stage [28] or
after a prolonged pericd. Finally, the prompt diagnosis
on treatment for  and treatment of AH13 are essential to save patients’

Therefore, AH13 is still a life-thre
ic disease. Moreover, amon,

1
2
3
4
5
[
7
3
9
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of AH13 patients, for several years following remis-
sion, similar to the strategy used for AHA [26]. If clin-
ical symptoms indicate a relapse, testing and
treatment should be initiated immediately.
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Abstract

A 65-year-old woman was admitted with acute intramuscular hemorrhage of the left gluteus
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medius and piriformis muscles and associated anemia. Blood tests showed low plasma factor XTI (FXIII)
antigen and activity. A cross-mixing test revealed a concave “inhibitor” pattern and anti-FXIII-A subunit
antibody was detected. The patient was diagnosed with autoimmune hemorrhaphilia resulting from anti-
FXIII antibody. The bleeding has not recurred since the initiation of treatment with oral
immunosuppressive agents. Although hemorrhagic acquired FXIII deficiency is a rare disorder, prompt

recognition of the underlying mechanism can save lives.

Key words: autoimmune hemorrhaphilia, anti-FXIII antibody, A subunit

Introduction

Factor XIII (FXII) is a coagulation factor whose activated form contributes to hemostasis by
promoting cross-links between fibrin monomers and stabilizing fibrin clots. FXIII is a pro-enzyme of two
enzymatic A subunits (FXIII-A) and two non-catalytic B subunits (FXIII-B). Acquired factor XIIT
deficiency is a relatively common disorder, caused by decreased synthesis or increased consumption
of FXTII (1). Various conditions have been associated with acquired FXII deficiency, including
disseminated intravascular coagulation, major surgery, liver diseases, sepsis, Henoch—Schonlein purpura,
and inflammatory bowel disorders (such as Crohn’s disease and ulcerétive colitis). The FXIII deficiency
is mild and critical bleeding is rare. Conversely, autoimmune hemorrhaphilia resulting from anti-FXIII
antibody (AHXTI) is a very rare, life-threatening bleeding disorder observed mostly in elderly patients.
Only a total of 83 AHXIII cases have so far been diagnosed worldwide (2). AHXII tends to become
chronic and intractable. This disorder is not always recognized, and a late diagnosis may lead to patient
death due to severe bleeding. We herein report here a case of AHXIII, where we promptly diagnosed,

properly treated, and characterized the inhibitor in detail.

Case Report

A 65-year-old woman was admitted to our hospital with pain and a broad subcutaneous

https://mc.manuscriptcentral.com/LongRequest/im?DOWNLOAD=...hhg2XsrocvexwnfHjtTjhheXCaLEzXn.9d4qkrCAPg8ywXnZKpuK45hBU ‘2/9 R=Y
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hemorrhage over the left thigh and buttocks. She had a history of acquired hypothyroidism due to
Hashimoto’s chronic thyroiditis since 20 years of age, type 2 diabetes, and chronic hepatitis C since 41
years of age; however, she had no prior history of bleeding tendency. The patient had received thyroid
hormone replacement therapy. None of her family members had a history of bleeding. The patient had
experienced pain in her right thigh when carrying heavy laundry up and down stairs, and pain began in
her left thigh and buttocks 1 week later. On presentation at our hospital, the patient had a broad
subcutaneous hemorrhage on the left thigh. Computed tomography revealed an intramuscular
hemorrhage of the left gluteus medius and piriformis muscles (Fig. 1). Her hemoglobin level was 8.1
g/dL, which was down from 13.4 g/dL 2 months earlier. The patient was admitted to the Department of
Vascular Surgery at our hospital and underwent embolotherapy of the superior and inferior gluteal
arteries. The Department of Vascular Surgery consulted us regarding this hemorrhage. Her routine
hemostatic tests were normal, but we found that she had a low plasma FXIII antigen concentration of 3%
and FXTII activity of 8% (Table 1). FXIII antigen was determined with a latex agglutination assay (NS
auto-FXIIT; Kainos, Tokyo, Japan). FXIII activity was determined with a photometric ammonia release
assay (Berichrom FXIII; Dade Behring, Marburg, Germany). No. other abnormal hemostatic laboratory
data were documented associated with the hemorrhage. A cross-mixing test showed a concave “inhibitor”
pattern and markedly low plasma FXIII-A antigen levels. In contrast, the FXIII-B antigen levels were
only 50% of the normal range (Fig. 2A, B). Anti-FXIII-A antibody was highly positive on an immuno-
blot assay (Fig. 2C). This neutralizing anti-FXIII-A antibody should also induce the rapid clearance of
FXITI-A and FXTI-B. A fibrin cross-linking study showed the lack of both y—dimerization and o—
polymerization, indicating that fibrin-stabilization was markedly impaired (Fig. 2D). We diagnosed the
patient with acquired FXIII deficiency with FXIII-A inhibitor, AHXIII (1, 2).

Becauseactive hemorrhaging was not observed after embolotherapy, we did not administer FXIII
and instead initiated oral prednisolone (PSL) therapy at 1 mg/kg (50 mg/day) (Fig. 3). Because a
substantial hemorrhage did not recur, except for mild subcutaneous purpura on the knee, we decreased
PSL by 5 mg every 2 weeks after 1 month of treatment. On day 73, the PSL dose was 30 mg/day. The
plasma FXIII activity and antigen levels mildly improved to approximately 12-22% and 20-23%,

respectively, after PSL was initiated, indicating that the inhibitor activity still remained. To treat this
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ongoing problem, we added cyclophosphamide (CPA) at 50 mg/day to PSL (30 mg/day) beginning on
day 94. Since that time, no hemorrhage has been documented, and the residual FXIII activity in the 1:1
cross-mixing test increased from 7% to 40%. Due to the patient’s worsening diabetes and osteoporotic
vertebral compression fractures, and because of PSL’s insufficient inhibitor-eradication effect, we
gradually decreased the PSL dosage and continued CPA at 50 mg/day. Even after the addition of CPA, the
plasma FXIII activity and antigen levels did not increase to more than 26% and 22%, respectively (Fig.
3). B‘ecause health insurance restrictions prevented us from administering anti-CD20 rituximab, which is
not approved for AHXIII in Japan or at our university hospital, we replaced CPA with cyclosporin A
(CyA) at 4 mg/kg (200 mg/day) along with 7 mg/day of PSL beginning on day 204. The FXIII activity
and antigen level remained low with the addition of CyA, but the residual FXIII activity increased (Fig.
3). In fact, total anti-FXIII-A IgG decreased markedly to less than 10% of the initial level at onset (data
not shown). Furthermore, bleeding has not recurred. We gradually decreased the CyA dose and the

patient is currently being maintained on 100 mg/day of CyA and 5 mg/day of PSL.

Discussion

AHXIIT occurs most commonly in the elderly, with a mean patient age of 70.4 years in Japan (2).
Our patient was a 65-year-old woman and presented with typical spontaneous intramuscular bleeding,.
FXII deficiency in children is generally congenital, but a case of a 9-year-old girl with AHXIII has been

reported (3). Approximately half of all AHXITII cases are idiopathic and aging may be one of the most

. important factors for AHXIIL, probably due to the loss of “self-immune tolerance” (2). The remaining

half of the cases has some underlying disorders, such as autoimmune diseases and malignant tumors, or
may be due to pharmaceutical agents, such as isoniazid, phenytoin, penicillin, and ciprofloxacin (2, 4, 5).
Severe liver disease may also cause FXIII deficiency because of decreased synthesis of FXIII-B in the
liver; however, in the present case, chronic hepatitis C was well controlled and the patient had an
inhibitor against FXTII-A. The present patient also had diabetes mellitus and autoimmune
hypothyroidism, both of which were well controlled. The relationship between acquired von Willebrand
syndrome and hypothyroidism is well documented (6), and AHIXIIT has been reported in a patient with

congenital hypothyroidism (7), however, there are no current reports of AHXII in patients with acquired
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hypothyroidism. Our patient had a history of Hashimoto’s chronic thyroiditis for more than 40 years, and
the onset of AHXIII was not found to be associated with the deterioration of thyroid function. While the
loss of “self-immune tolerance” may be common between Hashimoto’s thyroiditis and AHXIII, a direct
relationship between those disorders has not yet been shown.

FXIII concentrate, fresh frozen plasma, and cryoprecipitate have been used to control bleeding
in patients with AHXIII. To eradicate coagulation inhibitors, corticosteroids, CPA, CyA, and rituximab
are typically administered, according to the acquiredhemophilia guidelines (2, 8). In the present case, we
initially treated the patient with PSL, which was mildly effective. Neither CPA nor CyA were effective.
The efficacy of rituximab for acquired inhibitors of coagulation factors, including AHXIII, has been
reported in several studies (9, 10). However, we were not able to use rituximab in this case because its
use for this disorder is not currently accepted at our hospital. In other previously studies in which
steroids, CPA, and CyA were ineffective (11, 12), alternative treatments, such as plasmapheresis,
immunoglobulin, and rituximab, were used, resulting in increased FXIII activity. In the present case,
active bleeding has not recurred since the patient began PSL treatment, which represents clinical
remission. Thus, a mild increase in the FXIII antigen and activity and residual FXIII activity may be
sufficient for hemostasis. However, an increased risk of bleeding persists because the patient’s FXIII
activity remains low, which means that laboratory or immunological remission (2) has not yet been
obtained. We must closely follow the patient for a long period, and if bleeding recurs, we plan to
administer steroid pulse therapy with methyl-PSL with or without FXIII concentrate. Because FXIIL is a

rather polymorphic protein (13), and because a FXIII concentrate “Fibrogammin®

” made from Caucasian
plasma is now available in Japan, a booster effect of the FXIII concentrate on the production of anti-
FXII antibody is anticipated. Therefore, we have refrained from infusing the FXIII concentrate in the
present case where the bleeding was not severe. The “watch and wait” strategy, along with the
maintenance of mild immunosuppressive therapies, seems to be clinically relevant for older patients with
risks of serious adverse events, such as in the present case.

Hemorrhagic cases of acquired inhibitors of coagulation factors, such as acquired hemophilia A,

have been on the rise in Japan, which has become the leading “super-aging” society. In FXIII deficiency,

the results of routine coagulation tests (such as prothrombin time and activated partial thromboplastin

https://mc.manuscriptcentral.com/LongRequest/im?DOWNLOAD=... hhq2XsrocvexwnfH|tTjhheXCalLEzXnL9d4gkrCAPgBywXnZKpuk45hBU 5/9 R—Y

https://mc.manuscriptcentral.com/LongRequest/im?DOWNLOAD=...hhg2XsrocvexwniHjtTjhheXCalLEzXnL.9d4qkrCAPg8ywXnZKpuK45hBU

2015/03/05 15:47

time) are normal. As a result, some patients with FXIII deficiency may be misdiagnosed. Moreover,
AHXIII patients may bleed profusely. While intramuscular and subcutaneous bleeding are commaon, most
fatal bleeding is intracranial (2, 5). In some patients, this disorder is diagnosed after autopsy in massive
and fatal bleeding cases (14). To decrease the number of bleeding deaths among patients with AHXIII,
we have to carefully examine hemostatic tests, including FXIII antigen and activity, to diagnose AHXIII
and begin treatment as early as possible. The full characterization of the inhibitor as presented in this
report may also be essential in initiating the most appropriate anti-hemorrhagic therapy and to remove
related conditions to eradicate the inhibitor and to improve the patient’s outcome (5). More nationwide

and worldwide surveying is necessary to establish the treatment strategies.
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Table 1. Laboratory data on admission. Hemestatic parameters included reduced plasma levels of
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FXTII antigen and activity.

Figure legends

Figure 1. Intramuscular hemorrhage of the left gluteus medius and piriformis muscles confirmed

by computed tomography on admission.

Figure 2. (A) Cross-mixing test. A five-step dilution cross-mixing test with an amine incorporation
assay was performed using the patient’s plasma at ratios of 0:1, 1:3, 1:1, 3:1, and 1:0 with normal plasma.
The mixed samples showed a concave “inhibitor” pattern. (B) Enzyme-linked immunosorbent assay
(ELISA) of FXIII antigen in the patient’s plasma. The plasma FXIIT-A levels were markedly low. In
contrast, the FXIII-B levels were reduced by no more than one-half. (C) Dot blot analysis of FXIII-
reactive immunoglobulins. A dot blot analysis was performed using recombinant FXII-A (tFXIII-A),
recombinant FXIII-B (:FXIII-B), and their complexes (tFXIU(A,B,)) at the indicated amounts, shown as
ng of antigen. The positive controls were plasma from patients with previously confirmed AHXIII. The
results showed that anti-FXIII-A antibody was positive, but anti-FXIII-B antibody was negative,
indicated that the patient suffered from acquired factor XIII deficiency with FXIII-A inhibitor. (D) Fibrin
cross-linking study. The fibrin cross-linking study was performed by adding 1 unit/mL thrombin and 5

mM CaCl, to the patient’s plasma and to normal control plasma. Clots were recovered at the indicated
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time intervals and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The results

indicated the lack of both y—dimerization and o—polymerization.

Figure 3. Clinical course after hospitalization. The plasma FXIII antigen levels were elevated mildly

after starting prednisolone (PSL), but remained near 20%. The FXIII activity levels were elevated only
slightly at approximately 12-22% with PSL, cyclophosphamide (CPA), or cyclosporine A (CyA) as
immunosuppressive treatments. The residual FXIII activity is the FXIII activity in a 1:1 cross-mixing test
incubated for 2 hours at 37°C. A mild increase in the residual activity was observed with
immunosuppressivetreatment. A Japanese version of the ISTH/SSC Bleeding Assessment Tool was
utilized to objectively evaluate the patient’s bleeding symptoms (2). The bleeding score was 7 at
admission to our hoépital and promptly decreased following the administration of immunosuppressive

medication.
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Introduction

Factor XIII (FXIII) is a plasma pro-transglutaminase consisting of
a catalytic A subunit (FXIII-A) dimer and a carrier B subunit
(FXIII-B) dimer that circulates in the blood as a heterotetramer.
During the final stage of blood coagulation, FXIII is activated by
thrombin and Ca?*, and the resultant activated FXIII (FXIIla)
crosslinks the y-glutamyl-e-lysine residues in fibrin and the
ay-plasmin inhibitor as well as fibrin monomers to form stable fi-
brin dlots with increased resistance to mechanical stresses and fi-
brinolysis (1-4).

Acquired FXIII deficiency (AFD) is mainly caused by a second-
ary FXIII reduction via hypo-synthesis and/or hyper-consumption
due to a primary disease(s) (4, 5). However, anti-FXIII autoanti-
bodies (auto-Abs) cause acquired haemophilia-like disease (or
‘haemorrha-philia; termed AH13 in this manuscript), which mani-
fests more severe bleeding symptoms than non-autoimmune
haemorrhagic AFD (HAFD) (5, 6).
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Acquired FXIII inhibitors, especially auto-Abs, are classified
into three major types: type I inhibitors that prevent the activation
of FXIII (7-10); type II inhibitors that interfere with the transami-
nase activity of FXIIIa; and type III inhibitors that are directed
against the fibrin itself, blocking the crosslinking sites for access to
FXIITa. This classification applies to anti-fibrin auto-Abs but not to
anti-FXIII-B auto-Abs (11, 12). Therefore, we recently proposed
classifying anti-FXIII auto-Abs into types Aa, Ab, and B by their
immunological properties, i.e. directed against FXIII-A, FXIIla,
and FXIII-B, respectively (unpublished data). As of April 2014, ap-
proximately 80%, 10%, and 10% of our 32 AH13 patients belong-
ed to types Aa, Ab, and B, respectively.

AH13 is thought to be rare (13, 14). However, the number of
patients has recently been increasing in Japan (15), probably be-
cause Japan has become a so-called “super-aging” society. In fact,
we have diagnosed 44 Japanese AH13 cases during the last 11
years (as of October 2014; unpublished data), while only eight Jap-
anese AH13 cases were reported by other researchers before 2000,
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to the authors’ best kenowlege. In addition, 17 non-Japanese AH13
cases were documented in the last century (4, 13). AH13, however,
is not well known even among Japanese physicians and some pa-
tients never receive the correct diagnosis and proper treatment.
Many patients with AH13 are considered to have an unexplained
bleeding disorder because decreased FXIII activity cannot be de-
tected by routine coagulation tests such as the prothrombin time
and activated partial thromboplastin time tests.

The definitive diagnosis of AH13 can currently be established
only through time-consuming and expensive laboratory tests, such
as the dot-blot assay and enzyme-linked immunosorbent assay
(ELISA) that are carried out in a limited number of medical facil-
ities. Therefore, a rapid point-of-care test (POCT) (16-19) for
AH13 is necessary because a prompt differential diagnosis be-
tween AH13 and HAFD is essential for proper treatment.

In this study, we generated and characterized mouse mono-
clonal antibodies (mAbs) against human FXIII-A, and developed
an immunochromatographic test (ICT) that rapidly detects anti-
FXIII auto-Abs to diagnose AH13.

Materials and methods
Materials

Recombinant FXIII-A (rFXIII-A) was kindly provided by Zymo-
genetics (Seattle, WA, USA). Recombinant EXIII-B (:FXIII-B) was
expressed by the baculovirus system and purified as previously de-
scribed (20). Anti-FXIII-A and anti-FXIII-B polyclonal antibodies
(pAbs) were purchased from Calbiochem (San Diego, CA, USA)
and each immunoglobulin G (IgG) was purified and biotinylated
as previously described (21). A horseradish peroxidase (HRP)-
conjugated anti-mouse IgG, HRP-streptavidin, Protein G-Sepha-
rose, and CNBr-activated Sepharose 4B were obtained from GE
Healthcare Bioscience AB (Uppsala, Sweden). A Tetramethylben-
zidine (TMB) Peroxidase Substrate Kit was purchased from Bio-
Rad Laboratories (Hercules, CA, USA). Bovine chymotrypsin,
thrombin, and Gly-Pro-Arg-Pro(GPRP)-NH, were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Trypsin was purchased
from Wako Pure Chemical Ind. (Osaka, Japan). FXIII-A peptides
were synthesised by Sigma-Genosys (Hokkaido, Japan).

Production of in-house mouse mAbs against human
FXIiI-A

Female six-week-old BALB/c mice were subcutaneously immu-
nised every two weeks three times with purified human plasma-
FXIII emulsified in complete Freund's adjuvant. Four days after in-
traperitoneal booster injections of FXIII, the mouse splenic cells
were fused with NS-1 myeloma cells. Hybridomas producing a
large quantity of anti-FXIIT mAbs were screened for their ability to
bind to purified FXIII by a sandwich ELISA using a rabbit anti-
mouse y-globulin antibody. After cloning by limiting dilution sev-
eral times, the selected cell lines were cultured, and monoclonal
antibodies (mAbs) were purified from culture supernatants by
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40% ammonium sulfate precipitation and gel-filtration using a
Sephacryl S-200 column after digestion with pepsin.

ELISA

ELISA was performed as described previously (21) with several
modifications. IgGs of anti-FXIII-A and anti-FXIII-B pAbs were
coated for the measurement of FXIII-A and FXIII-B, respectively.
Three doses (1, 5, and 25 ng) of rFXII-A or rFXIII-B were then
applied and incubated, followed by incubation with in-house
mAbs (1TH2-8C4C, 1TH6-2H7E and 1TH6~-10E; 3.3 nM each).
To determine the dissociation constant (Kj) of in-house mAbs
and rFXIII-A, ELISA was performed with increasing concen-
trations (0.07-4.3 nM) of the mAbs and a fixed concentration (5
ng, 0.6 nM) of rFXIII-A. Double reciprocal plots of the ELISA sig-
nal versus the concentration of the mAbs were evaluated. A Ky
value for each mAb was determined as previously described (22).

Dot-blot analyses

Denatured rEXIII-A was prepared by boiling rFXIII-A in 125 mM
Tris-buffer (pH 6.8) containing 0.1% SDS. Native and denatured
rFXIII-A (1, 10, and 100 ng) was spotted on nitrocellulose mem-
branes. A dot-blot analysis was performed as previously described
(23). One of the mAbs against FXIII-A and HRP-conjugated anti-
mouse IgG was used for the primary and secondary antibodies, re-
spectively.

The effect of mAbs on the FXIII activation or FXllla
activity

To detect the inhibitory effects of mAbs against FXIII activation or
FXIlIa activity, rFXIII-A (100 ng) was pre-incubated with mAbs (5
1g) at 37°C for 1 hour (h) or thrombin (1 U) at 37°C for 15 min-
utes (min), and then incubated with thrombin (1 U) at 37°C for 15
min or mAbs (5 pg) at 37°C for 1 h. A standard amine-incorpor-
ation (Al) assay was performed using 5 mM CaCl,, 0.2% N,N-di-
methylcasein, 2 mM monodansylcadaverine and 1 U bovine
thrombin as previously described (8, 10, 21).

The effect of mAbs on the formation of the FXIlI-A;B,
heterotetramer

Four doses (0.2, 1, 5, and 25 pg) of mAbs were incubated with
rEXIII-A (1 pg) in 2% bovine serum albumin overnight at 4°C
and subsequently incubated with rFXIII-B (1 pg) in 20 pl for 20
‘min on ice. The FXIII-A,B, heterotetramer was detected by ELISA
as previously described (21).

Proteolytic digestion and western blot

Proteolysis of rEXIII-A (2 mg/mi) with trypsin (using an enzyme-
to-substrate ratio E/S 1/500, w/w) was carried out at 37°C for 30
min in 20 mM Tris-buffered saline (TBS), pH 7.5 containing 10
mM CaCl,. A western blot of the digested product was performed
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