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Abstract Autoimmune hemorrhaphilia due to anti-factor
XIII (FXIII) antibodies (AH13) is a life-threatening disease
associated with high risk of surgical bleeding. Since AH13
occurs mainly in the elderly, patients of AHI3 tend to be
complicated with other life-threatening diseases that may
require surgical procedures. During our nation-wide survey
on AHI13, supported by the Japanese Ministry of Health,
Labor, and Welfare, patients with unexplained bleeding
were examined for FXIII-related parameters and anti-FXIII
autoantibodies. A 64-year-old man had previously been
tentatively diagnosed with AH13 and received immuno-
suppressive therapies, as FXIII inhibitor was detected by
functional cross-mixing stodies. About 2 years later, he was
definitively diagnosed with AHI13, because our immuno-
chromatographic test and enzyme-linked immuno-sorbent
assay detected FXIII-bound anti-FXIII-A subunit autoan-
tibodies. Since routine endoscopic examination revealed
suspected esophageal carcinoma, a preparatory FXIII
pharmacokinetic (PX) analysis was performed by infusing
EXIII concentrates prior to biopsy. Consequently, biopsy of
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this lesion was done without bleeding complications. One
month later, a second PK study was carried out before sur-
gery, and esophageal bypass surgery was completed suc-
cessfully under FXIII replacement therapy. Our experience
with this case suggests that operations can be performed
safely and with confidence even in patients with such life-
threatening hemorrhagic diseases.

Keywords Autoimmune/acquired hemorrhaphilia -
Anti-FXIII/13 antibodies - Factor XIII concentrates -
Pharmacokinetic study - Immunosuppressive therapy

Introduction

Factor XIIT (FXII or FX11I/13 to avoid confusion with fac-
tor VIII/8 or factor XII/12) is a plasma pro-transglutami-
nase, which is activated to active transglutaminase, FXIIla,
by thrombin at the final stage of the blood coagulation reac-
tion, FXIII is algo called fibrin stabilizing factor because
FXIIla increases the strength of a fibrin clot by cross-link-
ing fibrin monomers to themselves, oy-plasmin inhibitor
(0p-PI; ISTH Nomenclature in 1972), or fibronectin [1].
Inherited FXIII deficiency is a rare life-long severe bleed-
ing disorder including spontaneous intracranial hemor-
rhage, and female patients manifest recurrent miscarriage.
Some patients also show abnormal wound healing [2].

In the twenty-first century, Japan has become a first
super-aging society in the world (population ages 65 and
above as a percentage of the total population is 25.1 % in
2013; source, The United Nations Population Division’s
World Population Prospects). Incidentally, “the number of
diagnosed cases” with autoimmune hemorrhagic disease
(hemorrhaphilia) due to anti-FXIII autoantibodies (termed
AH13) has been on the rise in Japan (8 cases in the last

f Springer

M. Kojima et al.

Embolization v V
PSL (mg/day) gﬁé%

CsA (mg/day)

Rituximab 375 mg/m?, i"u"l’

concentrates

Bleeding Th Ax RP

cpisodezo

Diagnosis of EC @ ?CTx and RTx V Bypass operation

CPA (mg/day) o

JCRG
consultation

-
o

‘Hemoglobin (g/L)
9

8
4 ¥
0

F13 inhibitor () () () (+) 3]

0 2 4 G 8 10 12 14 16
Hospital month

Fig. 1 Clinical course of the present patient. Hemoglobin levels
(black line) corresponded to bleeding episodes (arrows with bleed-
ing sites). Plasma-derived FXIII concentrates were given to arrest
bleeding. The patient underwent immune-suppressive therapies first
with prednisolone (PSL), then with cyclosporine A (CsA), and finally
with rituximab. Although his FXIII activity (filled squares) remained
low, the FXIII inhibitor (measured by 1:1 cross-mixing test) disap-
peared 1 year later, and thus CsA treatment was discontinued. Since
his FXIIT activity returned to 4 % and his FXIII inhibitor re-appeared,
CsA treatment was re-started. Then esophageal carcinoma (EC) was

century vs, 47 case in this century; Refs. [3, 4] and unpub-
lished data as of April 2015), mostly in the elderly [3-6]. It
is very likely that our nation-wide survey and effort to diag-
nose AH13 identified more patients than former times [3,
4]. AH13 is a life-threatening hemorrhagic disease [7-9],
and some patients are accidentally recognized and diag-
nosed after they manifest severe postoperative bleedings.
Their hemorrhage pattern is also characterized as “delayed
bleeding” that occurs 12-36 h after trauma or invasive pro-
cedures [1].

On the contrary, if AHI3 cases were diagnosed before-
hand, operations would be withheld by surgeons, in gen-
eral, mainly because of the deliberation on excessive/
abnormal bleeding. However, even female patients with
inherited FXIII deficiency can safely deliver babies under
FXIII replacement therapy [10, 11]. This holds true for
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suspected by an endoscopic examination. The Japanese collaborative
research group (JRCG) was called into consultation and their detailed
studies were carried out, He was definitely diagnosed as AH13 by
immunological assays, and thus cyclophosphamide (CPA) was added.
Under FXIII replacement therapy, biopsy of the esophageal lesion
and then its bypass surgery were carried out without hemorrhagic
complication, followed by cisplastin treatment (CTx) and radiation
therapy (RTx). Both FXIII activity (filled squares) and antigen (filled
diamonds) started to increase gradually. Ty thigh, Ax axillar, RP retro-
peritoneal hematoma

surgery in cases with inherited FXIII deficiency [12, 13],
so why is surgery not performed in AHI3 cases? To the
authors’ best knowledge, there was a single AH13 case for
which coronary artery bypass surgery was performed using
off-pump, beating heart surgery to minimize risks of a post-
operative coagulopathy [14].

Case presentation

A previously otherwise healthy 64-year-old Japanese man
was hospitalized for a left femur hematoma after a bicycle
accident a month earlier (Dec. 201X; Fig. 1, arrow with
“Th’). There was no personal or family history of bleed-
ing diathesis. He underwent embolization of the left fem-
oral artery, because computed tomography (CT; Fig. 2a)
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Fig. 2 Computed tomographic images and an endoscopic picture. a
Left femoral hematoma at first visit (Jan. 201X + 1). b Right axil-
lar hematoma at first visit (Jan. 201X + 1). ¢ Retro-peritoneal hema-

and angiography revealed its active bleeding. The patient
noticed a hematoma at his right axilla 5 days after embo-
lization (Fig. 1, atrow with ‘Ax’) and visited our hospital
(Jan. 201X + 1; Fig. 2b). His height and body weight were
168 cm and 68 kg.

A physical examination revealed a hematoma of the
right axilla as well as a huge hematoma of the left fernur
accompanied with purpura. Laboratory tests showed low
levels of hemoglobin (71 g/L) and red blood cell count
(2.3 x 10%L), while leukocyte and platelet numbers,
C-reactive protein and fibrinogen levels were above the
normal ranges (14.2 and 412 x 10°/L, 81.3 and 426 mg/
mL, respectively). b-Dimer (1.1 pg/mL) and fibrin/fibrino-
gen degradation products (FDP; 4.5 pg/mL), thrombin—
antithrombin complex (>60 ng/mL), and von Willebrand
factor (VWE; 323 %) activity levels were also increased
slightly or moderately, reflecting the patient’s severe bleed-
ing condition. Antithrombin and plasmin-plasmin inhibitor
complex (PIC) levels were within the normal limits. Routine
coagulation screening tests also showed normal prothrom-
bin time and activated partial thromboplastin time. How-
ever, his FXIII activity was as low as 10 % (normal range
70-140 %) on Jan. 30, 201X + 1. A cross-mixing study in
which the patient’s plasma was mixed at a 1:1 ratio with a
healthy control’s plasma demonstrated significantly low
residual FXIII activity (10 %) on Feb. 1, 201X + 1 (FXIII

toma during clinical exacerbation (Mar. 201X + 1). @ Esophageal
carcinoma suspected by upper gastrointestinal endoscopy (Dec.
201X + 2). Each lesion is enclosed by a white broken circle/oval

activities of a healthy control and the patient; 108 and 11 %,
respectively). He was therefore diagnosed with hemorrhagic
acquired EXIII deficiency resulting from FXII inhibitor,
ie., AH13, tentatively, and thus started to take prednisolone
(PSL) at 1 mg/kg, cyclosporine A (CyA) at 5 mg/kg and
received plasma-derived FXIII concentrates (Fibrogammin
P®, CSL Behring, Tokyo, Japan; 240 Ulvial according to
the manufacturer’s definition). Upper gastrointestinal endo-
scopic examination revealed no abnormal findings in Jan.
201X + 1, and tumor markers, such as carcino-embryonic
antigen, carbohydrate antigen 19-9, and prostate-specific
antigen, were not elevated in Jan. 201X + 1.

The patient’s bleeding appeared to be temporarily
stopped, but his blood pressure and hemoglobin level sud-
denly dropped a few days later. CT imaging revealed a ret-
roperitoneal hematoma (Fig. 1, arrow with ‘RP’, Fig. 2¢),
and thus red cell concentrates (RCC) and FXIII concen-
trates were transfused, and embolization was performed. To
reinforce immunosuppressive therapy, he was also treated
with weekly rituximab, four times (Fig. 1). His FXIII activ-
ity increased to 15 %, but then decreased to 10 %. After
8 months, FXIII activity increased to 20 % and 1:1 cross-
mixing test became negative for FXIII inhibitor, so that
CyA was discontinued.

Pour months later, FXIIT activity decreased again to as
low as 4 % and the 1:1 cross-mixing test returned to be
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Non-AH (+) _ Patient (-)
ir Mix Mi ir Mix Dir

Fig.3 Japanese collaborative research group (JCRG) analyses of the
patient’s plasma FXIII and detection of anti-FXIII antibodies (Nov
201X + 2). a ICTs to detect FXIII-A-bound anti-FXIII-A autoanti-
bodies with (spiked) or without (direct) pre-mixing pooled normal
plasma. From the left fo the right lanes direct and spiked ICTs for a
case with non-autoimmune hemorrhagic FXIII deficiency (Non-AH),
spiked ICT for positive control [(+)], i.e., the plasma obtained from a
previously diagnosed AH13 case, direct and spiked ICTs for the pre-
sent AH13 case (patient), and direct ICT for negative control [(—)],

positive for FXIII inhibitor. Accordingly, the patient re-
started CyA treatment. Because of the chronic intractable
nature of his disease, the Japanese collaborative research
group (JCRG; chair; Prof. Ichinose of Yamagata Univer-
sity) was called into consultation. When the patient was
examined for the presence of anti-FXIII autoantibodies by
an immuno-chromatography test (ICT) [15], anti-FXII-A
autoantibodies were positive (Fig. 3a). Our ELISA method
also demmonstrated the presence of (total) anti-FXIII-A anti-
bodies (Fig. 3b) [16]). Consequently, he was definitely diag-
nosed as AH13 and reinforcement of immunosuppressive
therapy was planned.

Unfortunately, an upper gastrointestinal endoscopy dur-
ing a routine health checkup revealed suspected esophageal
carcinoma in Dec. 201X + 2, about 2 years after the first
endoscopic examination (Fig. 2d). Because of his severe
FXII deficiency, he was began cyclophosphamide (CPA) at
50 mg/day and underwent a pharmacokinetic (PX) analy-
sis by infusing FXIII concentrates at 1200 U in preparation
for biopsy (Fig. 4a). Because the recovery rate of the PK
study was considerably low (about 25 %), a large dose of
EXIII replacement therapy at 60 U/kg (equivalent to 120 %
increase) was carried out. As a result, the biopsy was per-
formed successfully without excessive/abnormal bleeding
2 weeks later. The patient was diagnosed as having squa-
mous cell carcinoma of esophagus (UtMt, Type 2, T2, NO,
MO, stage II; [17]).

He was treated with chemo-radiotherapy because his
severe FXII deficiency made him ineligible for a curative
operation. He received 60 Gy/30 Fr radiotherapy with con-
current chemotherapy (5-FU at 700 mg/m? on days 14 and
cisplatin at 70 mg/m? Fig. 1). His esophageal carcinoma
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ie., the plasma obtained from a healthy control. b A fair amount of
total anti-FXIII-A immunoglobulin G (IgG) was still clearly detected
by the ELISA (filled circles). After the immunosuppressive therapy
with CPA, his total anti-FXIII-A IgG had significantly decreased.
A dashed line represents an average level of normal conirols. JCT
immuno-chromatography test, Dir direct, Mix spiked, AHI3 autoim-
mune hemorrhagic disease due to anti-FXIII autoantibodies, ELISA
enzyme-linked immuno-sorbent assay, CPA cyclophosphamide

went into complete remission and his FXIII activity rose
to about 20 %. However, the carcinoma recurred 2 months
later. His body weight suddenly decreased to 58 kg due to
swallowing disturbance because of esophageal stricture.
Accordingly, he required an esophageal bypass operation. In
preparation for surgery, an FXUI PK study (dosing 1440 U)
was again conducted 3 weeks before (Fig. 4b). Since a good
recovery rate of 77 % was obtained, the patient was given
50 Ulkg of FXIII concentrate before entering the operat-
ing room to achieve a goal of at least 100 % FXII activity
(Fig. 4c). Esophageal bypass and jejunostomy creation were
performed. The operation lasted a total of 4 h and 7 min, and
the total blood loss during the operation was 302 g, which
was the same as that in patients without a bleeding disorder
[18], and he received a blood transfusion of 4 units of RCC.
There were no problems related to the surgery. FXIII con-
centrates were also infused during the postoperative period
(Fig. 4c), in order to prevent possible “delayed bleeding”.
Immunosuppressive therapy with CPA alone was continued,
whereas CyA was not administered on the day of operation
until postoperative day 7.

No massive bleeding was observed after the surgery. No
thrombotic events or problematic wound healing occurred.
He was released from the hospital on postoperative day 24.

Discussion

Severe hemorrhagic tendency of AH13 patients seems to
be quite a burden for surgeons because they have deci-
sion-making responsibilities. However, AH13 is a chronic
intractable disease mainly in the elderly [7-9], who tend to
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Fig. 4 Preparatory pharmacokinetic (PK) studies (a, b) and hemo-
static treatment (c) by infusion of exogenous FXIIL Plasma-derived
FXIIT concentrates were infused at a dose of 1200 U in Now.
201X + 2 (17.6 U/kg, equivalent to about 35 % increase) in prepara-
tion for biopsy (a) and 1440 U in June 201X + 3 (24.8 U/kg, equiva-
lent to about 50 % increase) in preparation for bypass surgery (b),
and during the perioperative period in July 201X + 3 (c). Both FXIII
activity (filled squares) and antigen levels (filled diamonds) were
measured before and at the indicated time intervals (a, b) or post-
operation dates just before the daily exogenous FXIII infusions (at
the fop; ¢). Broken lines depict calculated FXIII activities after the
infusion of exogenous FXIII concentrates. Discrepancies between
FXIII activity and antigen levels indicate the formation and existence
of FXIII antigen-antibody complexes between “free” anti-FXII-A

suffer from other life-threatening diseases, such as cancer,
aortic aneurysm, and myocardial infarction, which require
surgical procedures. In other words, even if AHI3 patients
could survive the life-threatening acute stage by proper
hemostatic and immunosuppressive treatments, they might
be endangered next by aforementioned life-threatening
diseases.

Thanks to surgeons, at least two AHI13 patients’ lives
were saved, including a 73-year-old man with AHI3 who
actually underwent coronary bypass surgery for increas-
ing angina and did well for more than 3 years [14]. Our
64-year-old man with AHI3 has also been doing well
more than 10 months after esophageal bypass surgery for
carcinoma.

autoantibodies and exogenous FXIII concentrates (c). As expected,
his FXTII activity reasonably increased from 18 to 53 % on the next
day after FXIII concentrates infusion despite he underwent surgical
procedure the day before (i.e., in spite of surgical bleeding in addition
to the inhibition by anti-FXIII-A autoantibodies and the accelerated
clearance of infused FXIII). His FXIII activity kept further increase
to 103, 91, 116, 131, and 147 %, because about 30 U/kg FXIII con-
centrates were administered for the following 3 days and 15 U/kg for
another 3 days. We tried to keep his FXIII activity around 100 % of
normal at least for several days after surgery in order to prevent the
notorious ‘delayed bleeding’ of severe FXIII deficiency. His FXIII
activity then decreased to 59 % 10 days after the discontinuation of
EXIII concentrates administration

It is important to emphasize that malignancies were one
of the leading underlying diseases among Japanese AH13
cases [3, 4]. There were 2 cases with gastric cancer, 2 cases
with bladder cancer, 1 patient with seminoma, and 1 patient
with skin cancer (11 % of all Japanese AH13 cases; Refs.
[3, 4] and unpublished data of JCRG). Surgical treatments
are indications for most of these malignancies, in general.
This is also true in patients with acquired hemophilia A
(AHA) caused by auto-antibodies against factor VIII/8, in
which malignancies are one of the most common under-
lying diseases (14.7 % of 150 cases in Ref. [19]). These
facts suggest that malignancies may be related to compro-
mised immune reaction and, to some extent, to production
of auto-antibodies against these coagulation factors. It was
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reported that treatment of cancer with chemotherapy or sur-
gery was followed by the eradication of the inhibitor in 5
out of 41 AHA patients with cancer [20].

We recommended an administration trial of FXIII for
the diagnosis of AHI3 [6]. It may be also useful to make a
hemostatic plan in terms of subsequent dosage and dosing
intervals. In fact, PK studies were performed in a 2.5-year-
old boy and a 53-year-old man with severe inherited FXIII
deficiency before epilepsy neurosurgery [12] and a surgery
for aortic valve replacement [13], respectively. Furthermore,
it was done in a 73-year-old man with AH13 before coro-
nary artery bypass surgery for angina, although the timing
of survival study was not specified [14]. In the present case
of AHI3, a PK analysis was carried out before esophageal
bypass surgery for carcinoma. Surgeries for all four patients
were completed successfully, regardless of whether the
FXII deficiency was inherited or acquired, in other words,
with or without anti-FXIIT autoantibodies. Thus, preparatory
PK studies seemed to be very useful to predict the efficacy of
EXIII replacement therapy during and after surgery.

There are no evidence-based guidelines on how to man-
age perioperative therapy for FXIII deficiency, regardless
of whether it is inherited or acquired. In particular, few data
are available on FXIII dosing perioperatively. In inherited
FXIII deficiency, a surgery was performed under FXIII
replacement therapy at a dose of 36 U/kg for intracranial
surgery [12], and major or minor surgeries were conducted
at preoperative doses ranging from 25 to 40 U/kg [13).
Among AHI3 cases, a 73-year-old man was given 42 U/kg
FXII for coronary artery bypass surgery [14]. In the pre-
sent AH13 case, we administered 50 U/kg FXIII concen-
trates for esophageal bypass surgery, and tried to keep the
patient’s FXIII level around 100 % of normal for several
days after operation.

All these cases demonstrate that major surgeries can be
quite safely performed in patients with severe FXII defi-
ciency, regardless of the presence or the absence of anti-
EX1II antibodies.
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ORIGINAL ARTICLE Rare bleeding disorders

Clinical features of 32 new Japanese cases with
autoimmune haemorrha-philia® due to anti-factor XIII
antibodies

A. ICHINOSE, T. OSAKI and M. SOURI THE JAPANESE COLLABORATIVE RESEARCH GROUP
(JCRG) ON AH13 (SUPPORTED BY THE JAPANESE MINISTRY OF HEALTH, LABOR, AND
WELFARE)? )

Department of Molectdar Patho-Biochemistry and Patho-Biology, Yamagata University School of Medicine, Y Japan

Introduction: Autoimmune haemophilia-like disease (or haemorrha-philia) due to anti-factor XIII (FXIIL; F13 to
avoid confusion with FVIII or FXII) antibodies (termed AH13) is a severe bleeding disorder. Although AH13 is
thought to be rare, ‘the number of its diagnosed patients’ has recently increased in Japan. However, its prevalence
remains unknown. Aim: To improve understanding of this disease, we examined and diagnosed 32 ‘new’ Japanese
patients with AH13. Methods: The presence of antibodies against F13-A subunit and/or F13-B subunit was
confirmed by using a dot blot test and enzyme-linked immunosorbent assays. Results: Most of our patients had
autoantibodies against the F13-A subunit (88%). A predominance of men (59%) was observed. The mean age and
residual F13 activity of our AH13 cohort were 71.7 years and 10.5% of normal, respectively, and 53% of cases were
idiopathic. Autoimmune disorders and malignancies were the leading underlying disease (both 16%). Intramuscular
and subcutaneous bleeding were the leading symptoms (both 72%). Most of our patients were treated with F13
concentrates (72%) to arrest bleeding and with prednisolone (81%) to eradicate anti-F13 autoantibodies,
Cyclophosphamide and rituximab (both 25%) were also administered. The mortality of AH13 was high (22%), and
haemorrhage was the major cause of death (71%). Moreover, 13% of our AH13 patients were diagnosed after
haemorrhagic death, Conclusion: Physicians/haematologists must raise the awareness of AH13 as a life-threatening
disease. This report represents the only experience of a nationwide survey, and may contribute to a diagnosis on
potentially overlooked non-Japanese AH13 patients in other countries in the world.

Keywords: autoimmune disease, chronic intractable disease, haemostatic therapy, immunosuppressive treatment, life-
threatening bleeding disorder, nationwide survey

safery measure) is a fibrin-stabilizing factor and com-
prises a hetero-tetramer formed by two catalytic A
Coagulation factor XII (FXII, or F13 is used to subunits (F13-A) and two non-catalytic carrier B su-
avoid confusion with FVII and FXII for medical  bunits (F13-B) [1-4]. Congenital F13 deficiency can
cause lifelong severe bleeding and abnormal wound
healing, and recurrent miscarriages in women. It is a
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very rare form of haemorrhagic disorder that occurs
in only one in 3 million individuals {1}, and approxi-
mately 600 cases have been identified worldwide [5].
By contrast, acquired F13 deficiency is much more
common, frequently characterized by a non-autoim-
mune secondary decrease in F13 resulting from hypo-
synthesis and/or hyper-consumption of F13 due to pri-
mary diseases (3,4,6].

‘Acquired haemophilia (AH) is an autoimmune dis-
case characterized by the presence of autoantibodies
directed against various clotting factors [7]. The inci-
dence of ‘acquired haemophilia A (AHA) due to anti-
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FVIII(8) inhibitors’ has been estimated at 1.5 cases per
1 million population per year [8].

In contrast, data on a few cases of ‘autoimmune hae-
mophilia-like disease (or hemorrha-philia) due to anti-
F13 antibodies (termed AH13)’ have been reported
{3,9]. Only 19 cases with anti-F13 autoantibodies or
acquired F13 inhibitors (excluding one patient with
anti-fibrinogen antibodies and two patients with anti-
F13 alloantibodies) were reported in the last century
[10]. AH13 must be distinguished from non-autoim-
mune haemorrhagic acquired F13 deficiency (HAF13-
def) [9] in that AH13 is more severe than HAF13def,
and requires immunosuppressive therapy to eradicate
autoantibodies, as well as F13 replacement therapy to
stop bleeding. Nevertheless, even severe F13 deficiency
in AH13 patients tends to be overlooked by clinicians,
because thus far, there is no routine standard screening
test to detect abnormal F13 activity.

The number of diagnosed AH13 cases recently
seems to be on the increase in Japan [11] when com-
pared to that of previously reported cases in the last
century [12-19]. Accordingly, we investigated exclu-
sively bleeding patients to clarify the actual status of
AH13. As a result, we diagnosed 32 new Japanese
patients with AH13 in the last 4 years. The 12
patients previously reported in ref. [11] were not
included in duplicate in this cohort, Thus, this report
represents the only as well as the largest experience of
a nationwide survey documented, to date. The present
manuscript aimed to characterize the presenting symp-
toms and outcomes of these AH13 patients to improve
understanding of this disease.

Methods and materials

Recombinant F13-A (rF13-A) was a kind gift from Dr.
P. Bishop of Zymogenetics (Seattle, WA). rF13-B was
expressed using a baculovirus expression system and
purified as previously described [20]. An anti-F13-A
monoclonal antibody (mAb) was generously provided
by Dr. G. Reed of Massachusetts General Hospiral (Har-
vard Medical School, Boston, MA). A tetramethylbenzi-
dine (TMB) peroxidase substrate kit was purchased
from Bio-Rad Laboratories (Hercules, CA, USA).

This study was approved by the institutional review
board of the Yamagata University School of Medicine.
All procedures were conducted in accordance with the
Declaration of Helsinki. Written informed consent
was obtained from all participants including AH13
cages of the present study.

All research procedures [inclusion criteria, blood
collection, plasma F13 activity, enzyme-linked immu-
nosorbent assay (ELISA) to detect anti-F13-B autoan-
tibodies, dot blot assay for anti-F13-A or anti-F13-B
autoantibodies, etc.] have been described previously
[11,21,22], except for the ELISA to detect anti-F13-A
aucoantibodies, as described later. Briefly, since 2009
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we officially embarked on a nationwide campaign
against AH13, supported by the Japanese Ministry of
Healch, Labor, and Welfare. Flyers and a simple ques-
tionnaire on past cases of various types of acquired
haemorrha-philia were sent to approximately 2000
university or public hospitals and haematologists.
Patients who were bleeding actively due to unknown
causes were recruited into the survey and were exam-
ined in detail. Inclusion criteria were [9,11]: healthy
individuals who suddenly manifested severe bleeding
symptoms without a family history of bleeding disor-
ders, prolonged clotting times or platelet abnormali-
ties, in which cases their physicians contacted
members of the study group (Appendix).

Whole blood was collected into tubes containing a
one-tenth volume of 3.2% sodium citrate. Plasma
samples were quick-frozen and sent to a commercial
service laboratory (SRL Ltd., Hachioji, Japan) for
measurement of the plasma F13 activity with an
ammonia release assay using a Berichrom FXIII kit
(Siemens/Sysmex, Kobe, Japan), with a reference range
of 70-140%.

Furthermore, suspected cases of AH13 were exam-
ined in Yamagata University for the presence of anti-
bodies against F13-A and F13-B by using a dot blot
test, as previously described {22]. For an anti-F13-A
ELISA, 1 pL of plasma was incubated with 200 ng of
rF13-A at 37°C for 2 h, and diluted 100-fold with a
buffer. Ten microlitres of the diluted plasma was
applied to a 96-well plate coated with anti-F13-A
mAb and incubated. The plate was incubated wich
peroxidase-conjugated anti-human IgG. A 10-min
assay was performed using TMB substrate. Cases with
HAF13def secondary to other diseases, such as dis-
seminated intravascular coagulation, were excluded
easily because of the absence of anti-F13 antibodies.

For statistical analysis, values were expressed as
mean + SD or as median when specified. Compari-
sons between groups were performed using Kruskal-
Wallis tests unless specified, or Fisher’s exact tests
(2 x 2 table) when appropriate, of SAS Enterprise
Guide 6.1 (SAS Institute, Cary, NC, USA). Differences
were significant at a P-value of <0.05.

Results and discussion

Number of diagnosed AH13 cases in Japan

We diagnosed a total of 32 new AHI3 cases during
the last 4 years, from late 2010 through 2014
(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 AHI13
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 AI113.

No. (%)
Reported/diagnosed year
2010 2 6
2011 3 9
2012 8 25
2013 12 38
2014 7 22
"Total 32 100
Gender
Female 13 41
Male 19 59
Total 32 100
Age category
<40 0 0
<60 2 6
<80 23 72
=80 7 22
Votal 32 100
Sites of bleeding
M 23 72
sC 23 72
¢ 4 13
(3 4 13
Gl 3 9
Kidney/urinary 3 9
RetroP 2 6
PostOpe. 2 6
Comp 2 6
i 2 6
Spl Rap 1 3
‘T'otal 32
Residual F13 activity
Oto <5% 7 22
5 to <10% 15 47
10 o <20% 6 19
220% 4 13
Law 0 0
Total 32 100~
Target of antibody
IgG o F13-A 28 88
13G to F13-B 5 16
Anti-F13 2 6
nd. 0 0
Tortal 32
Underlying disease
None 17 53
Autoimmune disease 6* 19
Cancer 5 16
Diahetes mellitus 4, 13
Hepatitis 3! 9
Schizophrenia 2 6
Syphilis 1 3
CML 1 3
“Total 32
n.d., not described; SC, sub 5 IM, i lar; G, gastrointes-
tinal; IC, intracranial; 1], inteajoing IP, intraperi 1; PostOpe., opera-
tion site; RetroP, retroperi I; Comp., comp i Spl

Rap, spleen rupture; CML, chronic myefogenous leukaemia.
*One patient had two autoimmune diseases.
*Two patients had viral hepatitis.

There were only eight AH13 cases reported in the last
century between 1986 and 1997 [12-19].

Because we began a nationwide survey in Japan in
April 2009, the awareness of AH13 may have
increased. Actually, leaflets, questionnaires and/or
amual research report booklets on AH13 have been

© 2015 John Wiley & Sons Led

sent to approximately 2000 hospitals, twice every year
since late 2009. In addition, Japan has become a rap-
idly ageing society, ranking first in the world, and
therefore, the Japanese may be more susceptible to
AH13, for some unknown reason related to compro-
mised immune-tolerance. Finally, the number of diag-
nosed AHI3 cases may have increased in the 21st
century because its diagnosis has evolved over a long
period since the last century. It is very likely that a
concerted effort to identify these patients identified
more patients.

Age and gender

The incidence of AH13 increased with age in our
study sample (Table 1). The mean age was
71.7 & 9.3 years (n = 32, median 70.5 years). There
were more patients in the age group 60 to <80 years
than other age groups (72%), when compared to
patients in other age groups (P =0.0005). In our
cohort, AH13 did noc occur in childhood or youth
during the last 6-year period.

A predominance of male subjects was observed
among our 32 AH13 patients (59% men and 41%
women, Table 1), which is similar to the previous
cohort [11].

Bleeding sites and symptoms

Bleeding symptoms. among our 32 AH13 patients var-
ied 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.

Tt 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%
(# =32; median 7%) among our AHI13 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%
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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 normal F13 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 thar 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, as
observed in congenital F13-B deficiency [3,4]. This is
consistent with the fact that these two patients had
relatively higher residual F13 activities, corresponding
to 41%, and 13%, respectively. An exception was a
Hungarian " patient with severe disease who showed
essentially no F13 activity (<1% of the normal values)
[24]. Incidentally, F13 activity and F13-B antigen lev-
els are normally not measured by general physicians.

Physicians should understand that immunological
assays exhibit greater accuracy and sensitivity [25],
and can detect both neutralizing and non-neutralizing
antibodies, whereas functional assays detect immedi-
ately apparent inhibitors but do not detect non-neu-
tralizing antibodies.

Underlying diseases

No underlying condition was found in 53% of our
AH13 patients (Table 1), like AHA patients [8]. Of
note, five patients (16%) had malignancies, two
patients (6%) presented with viral hepatitis, and one
patient presented with syphilis. Incidentally, no
AH13 case was associated with pregnancy, in con-
trast to AFIA cases in the United Kingdom [8]. Five
AH13 patients had autoimmune disorders, which
was also the leading associated disease (16%;
Table 1). It is widely accepted that malignancies,
pregnancy, and infectious and autoimmune diseases
are related to compromised immune reaction to some
extent.

Haemophilia (2015), 21, 653-658

Haemostatic treatment

Because of the presence of severe F13 deficiency due
to anti-F13 autoantibodies, F13 concentrates were
administered to most of our AH13 patients (72%,
Table 2).  Fortunately, F13 concentrates were
approved by the public medical services tentatively in
April 2013 and officially in September 2013 in Japan
through our efforts.

Fresh frozen plasma (FFP) was less frequenty
infused into our patients (22%), while cryoprecipi-
tate was not administered at all (cryoprecipitate is
not commercially available in Japan). In addition,
recombinant activated FVII (FVIIa) was not used in
our AH13 cases [unpublished data of Japanese Col-
laborative Research  Group (JCRG)], probably
because AH13 patients have normal amounts of
endogenous FVII, and consequently, do not need
exogenous FVIIa. Unfortunately, there is neither an
alternative nor bypassing agents for F13. This is a
major difference from the haemostatic therapy for
AHA [25,26].

Anti-fibrinolytic agents, such as tranexamic acid,
were used in 44% of our AH13 patients (Table 2).
Twelve of 16 physicians (75%) observed favourable
effects of tranexamic acid on haemostasis in their
patients (unpublished data of JCRG).

Table 2. Management and prognosis of AL113 cases.

No. (%)
Haemostaric treatment
Fl13 23 72
RCC 6 19
uty 7 22
Tr 14 44
Ad 3 9
None 3 9
n.d.funknown t 3
Total 32
Ab eradication
PSL 26 81
cp 8 25
RTX 8 25
o3 4 13
Pulse 4 13
PE 2 6
vig 1 3
None 3 92
n.dSunknown 1 3
PSL only 9 28
Total 32
Prognosisfoutcome
Recovered 5 16
Death 7 22
Under rreatment 18 56
Monitoring 2 6
Total 32 100
n.d., not described; Ab, antibody; Ad, adrenalin; IEP, fresh frozen
plasma; IVIg, i i fobulin; RCC, red cell S
Tr, ic acid; CP, cycloph ide; CS, cyclosporine; PE, plasma

exchange; PSL, predonisolone; Pulse, steroid pulse; RTX, retuximab.

© 2015 John Wiley & Sons Lid



HAEMORRHA-PHILIA DUE TO ANTI-FXIII AUTOANTIBODY 657

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 AHI3 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). Althoug, RTX has
been used in Japanese AH13 patients since 2010, it
still has not been approved for AHI3 treatment by
the public medical insurance in Japan, and its off-label
use is restricted for Japanese physicians who treat
AH13 cages.

There was a scarcity in the use of high-dose intrave-
nous immunoglobulin (3%) and the performance of
plasma exchange (6%) in our AH13 patients. High-
dose intravenous immunoglobulin is not recommended
for AHA patients [26]. Of note, the effect of plasma
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 of
these treatment regimens may justify recommendations
of novel first-line therapies for AH13.

Outcome and prognosis

Unfortunately, only 16% of our patients primarily
recovered from AH13, and 56% continued receiving
treatment (Table 2). Moreover, seven patients (22%)
died within a year. Five of the seven deaths (71%)
were due to or related to haemorrhage (Table 3).
Therefore, AH13 is still a life-threatening haemorrhag-
ic disease. Moreover, among our 32 patients, four
were ‘dead on arrival of test samples’. These findings
emphasize the need to raise the awareness of this dis-
ease.

Two AH13 patients have been on treatment for
more than 2.5 years, even though they had success-

Table 3. Cause and timing of deach of AFI13 cases.

fully survived the life-threatening acute phase, which
reinforces that AH13 should be considered a chronic
intractable disorder.

The mean age of the seven non-survived patients
(66.7 = 12.0 years, Table 3) was lower than that of
survived AH13 patients (73.0 + 8.2 years, n =25,
P =0.12; ns). No significant differences in the mean
residual F13 activity were observed between non-sur-
vived patients (5.6 & 1.6%) and survived cases
(11.9 + 10.8%, P = 0.35).

Effect of treatment on survival

Four of our seven (57%) patients who had received
FFP died (vs. 3 out of 25 patients without FFP, 12%,
P = 0.026 by Fisher’s exact test). Two of seven non-
survived patients (29%) did not receive F13 concen-
trates.

A third of our patients (3 out of 9 patients, 33%)
who received only steroids died (vs. 7 deaths out of
all our 32 patients, 22%, P = 0.66 by Fisher’s exact
test). By contrast, all four patients (100%, P = 0.55
by Fisher’s exact test) who had undergone pulse ste-
roid therapy survived.

Unfortunately, at least one of our 32 AH13 patients
may have died of pneumonia during steroid therapy,
and another patient has died from intestinal perfora-
tion during steroid tapering (Table 3). These results
highlight the need to seriously consider the adverse
effects of immunosuppressive therapies, as recom-
mended for the treatment of AHA |8].

Conclusion

This manuscript represents the one and only as well
as the largest and longest duration experience of a
nationwide survey reported, to date. AHI3 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
promptly and aggressively [27], patient may die of
haemorrhage either during the acute stage [28] or
after a prolonged period. Finally, the prompt diagnosis
and treatment of AH13 are essential to save patients’
lives. We strongly recommend a long-term follow-up

Age  F13 activity (%)  [aemostatic treatment

Cause of death

‘liming of death

66 6 RCC, FFp Bleeding {no 113 dosing) 1 week before DOAS 7 weeks after admission

65 6 Fi3 Cerebral bleeding 1 week before DOAS 3 weeks after admission

60 7 K13, RCC, FIP, I aemorrhagic shock 5 weeks before DOAS 3 weeks after admission

79 7 Tr Cerebral bleeding (no F13 dosing) 4 months hefore DOAS 2.5 months after admission
63 20* F13, RCC, FF, Tr, Ad  Suicide because of bleeding 4.5 months after diagnosis 6 months after admission

49 4 F13, FFP, Tr Intestinal perforation 11 months after diagnosis  During steroid tapering

85 3 F13 Sepsis from infected skin ulcer 1 year after diagnosis 9 months after eradication off

Ad, adrenalin; 13 conc., 1’13 concentrates; II'P, fresh frozen plasma; RCC, red cell concentrates; ‘I, tranexamic acid; DOAS, dead on arrival of test

plasma samples to the first author’s faboratory.
*After F13 conc. infusion.

© 2015 John Wiley & Sons Ltd
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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, rtesting and
treatiment should be initiated immediately.
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Abstract Although the incidence of autoimmune hemor-
rhaphilia due to anti-Factor XII (FXIII, not FVIIL or FXII
to avoid confusion) antibodies (AH13) or hemorrhagic
“acquired FXIII deficiency due to anti-FXIII autoantibod-
ies” was previously considered rare, it has been on the
increase in the twenty-first century, at least in Japan. An

Acquired h(a)emophilia is a tentative name for this category of
diseases, but unofficial because it is not included in the current
version of the WHO ICD-10. “Acquired h(a)emorrhaphilia”
seems to be a more logical and proper appellation, because the
term hemorrhaphilia stands for “love of bleeding/hemorrhage”
while the word hemophilia literally means “love of blood”
[Brinkhous, K,M. A short history of hemophilia, with some
comments on the word “Hemophilia”. In: KM Brinkhous and
HC Hemker (eds). Handbook of Hemophilia, part 1, Amsterdam:
Excerpta Medica, American Elsevier. 1975, p. 3-201. Thus, the
authors use the term hemorrhaphilia for a bleeding disorder
cansed by anti-FXIII autoantibodies, throughout this manuscript.
H(a)emophilia must be used for the inherited hemorrhagic
disease due to Factor VIII deficiency as listed in WHO ICD-10.

‘Clinical’ remission is defined as the disappearance of all
bleeding symptoms, in this manuscript.

Masayoshi Souri and Akitada Ichinose belong to Japanese
Collaborative Research Group on AH13.
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83-year-old woman with an unexplained hemorrhage was
admitted to our hospital for intramuscular hematoma and
severe anemia. Her FXIII activity was reduced to 10 % of
normal; since FXIII inhibitors and anti-FXIII-A subunit
autoantibodies were detected, she was definitively diag-
nosed with AHI3. Despite developing cardiac tamponade
due to pericardial hemorrhage, she clinically recovered
from AHI3 after hemostatic therapy with FXIII-concen-
trates and immunosuppressive treatment with rituximab and
cyclophosphamide. However, her FXIII activity remained
low and she died of hemorrhage 3.5 years after admission.
AHI13 patients should be monitored for a prolonged period,
as this disease is very likely a chronic intractable hemor-
rhagic disorder.

Keywords Autoimmune disease - Hemorrhagic disorder -
Chronic disease - Hemostatic therapy - Immunosuppressive
treatment

Introduction

Factor XIII (FXIII not FVIII or FXII) is a fibrin-stabiliz-
ing factor in the plasma consisting of A and B subunits
(FXIII-A and FXIII-B, respectively). Because thrombin-
activated FXII cross-links fibrxin monomers themselves
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and fibrin and o,-plasmin inhibitor, congenital FXIII defi-
ciency results in a lifelong severe bleeding tendency {1, 2].
Although congenital FXIII deficiency is rare [3], acquired
FXIII deficiency is rather common, and mostly second-
ary to hyper-consumption or hypo-synthesis of FXIII
(disseminated intravascular coagulation, surgery, trauma,
leukemia, liver diseases, chronic inflammatory bowel dis-
eases, artificial dialysis, etc.) [4]. However, patients with
acquired FXIII deficiency rarely bleed because their FXIII
levels remain only moderately reduced [5, 6]. In contrast,
patients with autoimmune hemophilia-like disease (i.e.,
hemorrhaphilia) due to anti-FXIII antibodies (AH13) or
hemorrhagic “acquired FXIII deficiency due to anti-FXIII
autoantibodies” experience severe bleeding due to drasti-
cally decreased FXIII levels and the consequently reduced
cross-linked o,-plasmin inhibitor to fibrin [7].

Although AHI13 used to be rare [8, 9], its incidence has
been on the rise in the twenty-first century in Japan [10].
It is very likely because Japan has become a super-aging
society first in the world, and because we have conducted
a nation-wide survey supported by the Japanese Ministry
of Health, Labor and Welfare. In this study, we report an
83-year-old woman with chronic intractable AH13.

Methods

This study was approved by the institutional review board
of Yamagata University School of Medicine. All proce-
dures were conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from
this patient.

All experimental procedures have been described previ-
ously [11, 12] except for the enzyme-linked immunosorb-
ent assay (ELISA) to detect anti-EXIII-A autoantibod-
ies: briefly, 1 |LL of plasma was incubated with 200 ng of
recombinant (X)FXIIL-A in a 10 pL mixture at 37 °C for
2 h and then diluted tenfold with a buffer. Ten microliters
of the diluted plasma was added to a 96-well plate coated
with anti-FXIII-A monoclonal antibody and reaction with
peroxidase-conjugated anti-human Imumunoglobulin G
(IgG) was allowed for 60 min. ELISA was also carried out
without adding rFXIII-A into patient’s plasma to detect
pre-existing anti-FXIII-A autoantibodies bound to own
FXIII-A.

For dot blot assay [11], 50 and 100 ng of either rEXIII-A
or rEXII-B, or 100 and 200 ng of rFXIII complex (A;B,
tetramer) were blotted onto a nitrocelinlose membrane, and
reacted with the patient’s plasma at a dilution of 1:2,000.
Immunoglobulin bound to either one of these FXIII anti-
gens was detected using peroxidase-conjugated anti-human
immunoglobulins (G+M-+A) and a chemiluminescent
substrate.

Patient

The initial part of this patient’s history was previously
reported as acquired FXIN deficiency “in Japanese” by
orthopedic surgeons [13]; in brief, our patient with unex-
plained hemorrhage was admitted to the Department of
Orthopedic Surgery of our hospital on Oct 17, 2009 for
large intramuscular hematoma in her left thigh and severe
anemia. She experienced repeated life-threatening bleed-
ing episodes at multiple sites, including retroperitoneal,
intrathoracic, and mediastinal, for approximately 3 weeks.
Her FXIIT activity was reduced to 10 % of normal despite
normal bleeding time, prothrombin time (PT), activated
partial thromboplastin time (APTT), and platelet count
(Table S1). She received repeated transfusions of red blood
cell concentrates (Fig. 1, top), and the arteries flowing the
bleeding sites were topically treated using transcatheter
arterial embolization on Nov 1 and 7, 2009.

Plasma-derived FXIlI-concentrates (1,200 U in 5 vials
of Fibrogammin; CSL Behring, Tokyo, Japan) were admin-
istered daily starting on Nov 7 (Fig. 1, top) because of her
isolated severe FXIII deficiency. On Nov 10, because of
her severe hemorrhagic symptoms, she was transferred to
the intensive care unit of our hospital, where she suddenly
developed shock. She was then intubated and mechanically
ventilated. Computed tomography (CT) revealed the pres-
ence of cardiac tamponade due to pericardial hemorrhage
and an intrathoracic hematoma (Fig. S1 A, B).

To explore the pathogenesis of the patient’s isolated
acquired EXIII deficiency and determine its ideal treatment
modality, the patient was referred to the Japanese Collabo-
rative Research Group (JCRG) for detailed FXIII analyses.
After being definitely diagnosed with AH13, she was started
on rituximab, an anti-CD 20 monoclonal antibody, 375 mg/
m%/week for 4 weeks from Nov 13 (Fig. 1, top). Hemostatic
therapy with FXIII-concentrates was also continued every
other day. Despite our extensive search, we could not find
any evidence for the underlying diseases of AH13, such as
cancer, autoimmune disease, and medication history of iso-
niazid, antibiotics, and anticonvulsants {8, 9].

Although “clinical remission” was achieved, ie., the
hemorrhage was arrested, the patient’s FXII activity
remained low (around 10 % of normal) despite her FXIII
antigen level being much higher than normal (>200 %)
because of the continued administration of the FXIII-
concentrates (Fig. 1, top). These findings suggested the
persistence of an FXII inhibitor. Therefore, she was intra-
venously given cyclophosphamide 10 mg/kg every other
week three times starting in Jan 2010. Since no improve-
ment in FXIII activity was seen, rituximab was added in
Feb 2010. However, the combination of these immunosup-
pressants did not have any immediate effect on FXIII activ-
ity (Fig. 1, bottom).
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Fig. 1 Clinical course of the present AH13 case. Hemoglobin levels
(¥, closed circle) corresponded to bleeding episodes and transfusion
of red blood cells (red cell concentrates; RCC) in the opposite direc-
tions. Plasma-derived FXIII-concentrates were given at 1,200 U first
daily, secondly ever other day, and third every 3 days. The patient
underwent immune-suppressive therapies firstly with rituximab and

Despite treatment, the patient’s FXIII level remained
low and her hemoglobin level suddenly dropped to 42 g/L.
again in Mar 2010. CT imaging revealed an intramuscular
hematoma in her left thigh that was successfully controlled
by a daily infusion of FXIII-concentrates (Fig. 1, bottom).
She underwent no further immunosuppressive treatment,
such as steroids, cyclosporine, etc., in order to avoid infec-
tion, because of her old age and low capacity for daily liv-
ing: she was bedridden as well. In addition, there is no gold
standard by which AH13 patients are treated. Since her
general condition stabilized without further bleeding epi-
sodes, she was discharged from the hospital to her home
6 months after admission.

Thereafter, she was regularly followed once a month by
her original physician in another hospital. Her FXIII activ-
ity level started to spontaneously increase 8 months after the
final dose of rituximab, reached 64 % of normal in the fol-
lowing 15 months, and then gradually returned to 10 % of
normal after another 10 months (Fig. 1, bottom). Neverthe-
less, no bleeding episodes were observed for about 3 years.

On the morning of Mar 30, 2013, she was found lying on
the floor. She complained of abdominal pain and repeatedly
vomited for several hours. When she was transferred to a
local hospital by ambulance, there were bruises on her right
forehead, left elbow, and left knee. She had tenderness at
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secondly cyclophosphamide (CP) pulse, and thirdly with rituximab.
Although FXIII antigen (filled column) increased up to 416 % of the
normal, FXTII activity (closed square) remained low at around 10 %
following the replacement therapy with FXIII-concentrates, FXIII
activity spontaneously rose and gradually decreased to 5 % 3 days
before her hemorrhagic death. Vertical lines depict the ends of years

the left hypochondrium. Laboratory examinations revealed
moderate anemia (hemoglobin 85 g/L) and an essentially
normal platelet count and PT, and slightly shortened APTT
(Table $2). CT scanning revealed a subcortical hemorrhage
in the right frontal lobe and a splenic laceration with intra-
peritoneal hemorrhage (Fig. S1 C, D). She developed shock
and died shortly thereafter.

Results and discussion
Laboratory coagulation tests

All coagulation-fibrinolysis factors, except for FXIII
were within normal ranges on Nov 2 (Table S1). D-dimer,
thrombin-antithrombin complex, and von Willebrand fac-
tor antigen levels increased slightly or moderately, accord-
ing to the patient’s severe bleeding condition.

Because the patient’s FXIII activity and antigen were 13
and 80 % of the normal values, respectively, on Nov 10, the
specific activity was as low as 0.16 (normal value, 1.0). In
addition, a 1:1 cross-mixing test between the patient’s and a
healthy control’s plasma clearly demonstrated an “inhibitor”
pattern (patient, 19 %; control, 104 %; and mixed, 17 %). All
these results suggested the presence of an FXII inhibitor.
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Fig. 2 JCRG analyses of the patient’s plasma FXIII and detection
of anti-FXIII antibodies. a A 5-step dilution cross-mixing test by an
amine incorporation assay was performed using the patient’s plasma
at the ratios of 0:1, 1:3, 1:1, 3:1, and 1:0 with a normal plasma. The
mixed samples showed an “inhibitor” pattern, because there was a
downward deviation (Oct. 17, 2009 or hospital day 1). A broken line
depicts a theoretical ‘deficient’ pattern, The patient’s plasma of June
4, 2010 demonstrated the deficiency pattern. b A dot blot assay was
performed using recombinant FXII-A (FXIII-A) at the indicated
amounts shown as antigen (ng). The results showed the presence
of anti-FXIII-A antibodies (on Oct. 17, 2009). The negative control

Experimental FXIII tests

The patient’s plasma on Oct 17 (hospital day 1) was ana-
lyzed by the JCRG in detail; the FXIII-A antigen was 23 %
of normal and the FXIII amine incorporation activity was
12 %, thus its specific activity was 0.47 (Table S3). Her
FXIII-B antigen was 85 % of normal. Although her FXIII
activity was extremely low during this acute stage, both
EXIII-A and FXIII-B proteins retained their normal molec-
ular weights as shown by western blotting (Fig. S2 A).

Our 5-step dilution cross-mixing test of the patient’s
plasma demonstrated a concave “inhibitor” pattern (Fig. 2a,
top). An in-house dot blot test using rFXII-A, 1FXIII-B,
and 1A,B, tetramer detected anti-FXIII-A autoantibodies
(Fig. 2b, top; Fig. S2 C). In addition, our ELISA method
clearly detected anti-FXIII-A antibodies (Fig. 2¢). Accord-
ingly, she was definitely diagnosed with AHI3. A fibrin
cross-linking test also visualized a drastic retardation in
y-chain dimerization and the absence of a-chain polymeri-
zation (Fig. S2 B). ‘

Approximately 3 months after the final administra-
tion of rituximab, the patient’s plasma showed a straight

stands for healthy individual’s plasma. The patient’s plasma of June
4, 2010 showed a negative result. ¢ After the immunosuppressive
therapy, her anti-FXIII-A immunoglobulin G (IgG) had significantly
decreased, judging from our ELISA results. Although the dot blot
assay did not detect anti-FXIII-A autoantibodies in her sample of
June 4, 2010 (b), a small amount of anti-FXIII-A IgG was still clearly
detected by the ELISA (filled diamonds). A similar amount of anti~
EXIII-A IgG bound to own FXIII-A was also detected by the ELISA
without adding rFXIII-A (open diamonds). A dashed line represents
an average level of normal controls

“deficient” pattern in the 5-step dilution cross-mixing test
(Fig. 2a), suggesting that her FXIII inhibitor had virtually
disappeared. This finding agreed with the fact that the dot
blot analysis did not detect anti-FXIII-A antibodies. This
partial recovery may be associated with the slower effect
of rituximab [14} or spontaneous antibody regression [15].

Our ELISA, however, detected small amounts of total
and FXIII-A-bound anti-FXIII-A antibodies (Fig. 2c).
These findings are quite in agreement with the fact that
the patient had 64 and 6 % of FXIII antigen and activity,
respectively (Fig. 1, bottom), indicating the presence of the
FXIII/13 antigen—antibody complex in the patient’s sample.

Extended coagulation screening tests (Table S4) were
also conducted by the JCRG to take an overall look at the
current status of coagulation—fibrinolysis system in this
AHI13 case. All test results were consistent with those dis-
cussed above.

It was interesting to note that the patient’s FXIII activ-
ity transiently increased in late 2011 and gradually
decreased in early 2012: It may be attributable to the rather
late effect of rituximab because it may require more time
than other regimens [14]. Alternatively, the amount of her
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