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A short half-life of the administered factor Xlil
(FXIil) concentrates after the first replacement
therapy in a newborn with severe congenital

FXII deficiency

Noriko Fujii'; Masayoshi Souri?; Akitada Ichinose?

"Department of Pediatrics, Fukuchivama City Hospital, Fukuchiyama, Japan;?Department of Molecular Patho-
Biochemistry and Patho-Biology, Yamagata University School of Medicine, ‘{amagata, Japan

Dir Sirs,

Factor XIIT (EXIII) is a fibrin-stabilising
factor which crosslinks fibrin monomers
among themselves as well as to oy-plastin
inhibitor and fibronectin, and thus con-
tributes to haemostasis, wound healing,
and maintenance of pregnancy (1-3).

Congenital FXII deficiency is a rare
haemorrhagic disorder. Umbilical bleeding
in the neonatal period is characteristic and
the most frequent symptom (4, 5). Intra-
cranial haemorrhage is less frequent but the
leading cause of death at all ages. Plasma-
derived FXIIT concentrates are available for
the treatment of congenital FXIII deficien-
cy. The response to infused FXIII is mostly
excellent to get a good control of bleeding
(6). Regular replacement therapy with
FXIIT concentrates is recommended for
prophylaxis of bleeding (6-9). However, an
appropriate interval of FXIII adminis-
tration is not known in the neonatal peri-
od, because to our best knowledge no re-
port has ever been published on the half-
life of FXIII during this stage of a patient’s
lifetime.

Here, we report that the half-life of the
administered FXIII concentrates was
markedly shortened in a male neonate with
severe congenital EXIII deficiency.

A Japanese male baby was born after 36
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weeks and six days of gestation with a birth
weight of 2,446g by normal vaginal de-
livery. He has no family history of bleeding
disorders, and his parents are non-consan-
guineous. He had hypoglycaemia after
birth and received intravenous drip infu-
sion of glucose. He had no problems with
haemostasis after venipuncture such as in-
jection and blood collection. However, ex-
cessive umbilical bleeding occurred on day
5. Umbilical bleeding stopped temporally
after applying pressure, AgNO, or sutur-
ing, but, every time, a large amount of
blood was seen on a covering gauze within
12-24 hours after haemostasis. Blood clots
were gelatinous and fragile. There were
oozing without application of pressure.
Laboratory examinations on day 5 re-
vealed that platelet count, prothrombin

time, activated partial thromboplastin
time, fibrinogen, fibrinogen/fibrin degra-
dation products, antithrombin, factors
VIII, IX, and von Willebrand factor were
within the normal ranges (see »Suppl.
Table 1, available online at www.thrombo
sis-online.com).

Umbilical stump bleeding recurred in-
termittently (B Fig. 1), and the patient de-
veloped severe anaemia (haemoglobin; Hb,
5.8 g/dl}, and was thus transfused with red
blood cell concentrate at 10 mi/kg on day
15. His FXIIT activity was only 4% on day
12. Accordingly, he was diagnosed to have
FXIII-A deficiency, which was confirmed
by an amine incorporation assay, ELISA,
and fibrin-crosslinking test (data not
shown). In addition, Western blot analysis
showed virtually no FXIII-A antigen in the
patient’s plasma (see B-Suppl, Fig. 1, avail-
able online at www.thrombosis-online.
com}, Dot blot analyses using recombinant
EXITI-A and FXIII-B (10) demonstrated
negative results for anti-FXIII antibodies
{data not shown).

He was injected with FXIII concentrates
at 80 Urkg on day 15 immediately after re-
ceiving the FXII result. His umbilical
bleeding stopped promptly. Thereafter, he
did not show any sign of bleeding, judging
by any measure including magnetic reson-

anm
% Cone.

umbitical bleedingee ™=~ . _
100 ceding v oen
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Figure 1: Clinical course of and FXilf levels in the proband. Gray-shadowed peaks {top left) show
the severity/degree of umbilical bleeding. Solid circles indicate actual FXIII activities (% of normal),
while open circles show theoretically calculated FXIl activities (% of normal) after the injection of FXIii
concentrates (FXIHI Conc.) on day 15. Hb levels (Hb conc. in g/dl) are depicted by sofid triangles. Open
arrows indicate the administration of FXIIf concentrates at 240 U. Both FXIII activity and Hb conc. are
shown on the logarithmic scale. A small arrow stands for the infusion of red blood cell concentrate
{RCC). Numbers next to markers represent values of FXHi! activities and Hb fevels.
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ance imaging, ultrasonography as well as
extensive physical inspection and examina-
tions.

On day 40 (four weeks after the first re-
placement therapy), his FXIII activity de-
creased again to less than 3% (less than the
detection limit of a commercial ammonia
release assay; Berichrome FXIII, Dade Beh-
ring AG, Marburg, Germany). Therefore, a
half-life of the administered FXIII in the
patient was estimated to be as short as
about four days after the first replacement
therapy using plasma-derived FXIT con-
centrates (B> Fig. 1). Accordingly, thereafter
the patient was started on regularl FXIII
concentrate application at 12.5 Ufkg every
three weeks. No bleeding has occurred in
the 15 months since then. He kept a trough
of FXIIT activity at 4% about six months
after birth. It is noteworthy that his FXIII
activity increased to 14% by a dose of 25
U/kg three-weeks after the last prophylactic
replacement at 15 months of age, suggest-
ing thata half-life of the administered FXIII
became longer.

A family study revealed that his father’s
and mother’s FXII activities were 48% and
38% of normal, respectively. An uncle and a
grandfather of the father’s side as well as a
grandmother of the mother’s side had
moderately reduced FXIII activities (see
B Suppl. Fig. 2, available online at www.
thrombosis-online.com}, suggesting that
they are all heterozygotes of FXIII deficien-
.

Gene sequencing analyses and genetic
diagnoses of FI3A confirmed that the pro-
band was a compound heterozygote of
Tyr204Stop and Ser708Arg mutations, and
that family members of his father’s and
mother’s sides have Tyr204Stop and
Ser708Arg, respectively. These mutations
likely bring about structural changes in the
variant FXIII-A molecules (paper in prep-
aration by MS), Recently a German group
has stated that heterozygotes of FXIII defi-
clency can manifest bleeding symptoms
upon various stress/challenge, such as trau-
ma and major surgery (5). In contrast,
none of the carriers of the two mutations in
this patient’s family showed excessive
bleeding, suggesting that they did not have
such stresses/challenges and/or that these
mutations may cause only minor haemos-
tatic defects.

Thrombosis and Haemostasis 107.3/2012

Neonates are physiologically in an en-
hanced fibrinolvtic state, because anti-fi-
brinolytic ability decreases and bleeding
symptoms occur at a high rate especially
when FXIII activity decreases (11-13).
Therefore, patients with congenital FXIII
deficiency usually develop umbilical bleed-
ing during the neonatal period (4, 5). It is
important to diagnose such patients early
enough, in order to achieve haemostasis
immediately by urgent supplement with
EXIH concentrates. This is also true for
early diagnosis and early prophylaxis (14).

Prophylactic therapy is recommended
using plasma-derived FXIII concentrates at
a dose of 10-20 U/kg every 4-6 weeks (4, 9,
15, 16). This long injection interval for
adult patients (4,6,8,17,18) is based on the
half-life of plasma-derived FXIII, about 10
days (17-19). There has not been any re-
port on the half-life of FXIII in a neonate,
which could be used as a basis for a dose
and an interval of FXIII replacement ther-
apy for neonatal FXIII deficiency. Never-
theless, we needed to inject FXIII concen-
trates every three weeks because the half-
life of the administered FXIIL was very
shortin our neonate patient. Itis consistent
with the fact that dosage regimens vary
widely depending upon patient’s response
and pharmacokinetics (16).

Therefore, this novel finding will con-
tribute to the consideration of an optimal
regimen of FXIII substitution for a new
neonate case of this disease. This is consist-
ent with a general concept that the rational
interval of replacement therapy must be
relevant to the half-life of each drug,

In summary, we propose that deter-
mination of the half-life of FXIIT in neon-
atal cases with congenital EXIII deficiency
is important for physicians to decide an in-
terval of replacement therapy with FXII
concentrates individually for each neonate
case. This may be also applied to recom-
binant FXII-A products (20). FXII
supplementation may increase clot firm-
ness (21).
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Supplementary Material to Fujii et al. “A short half-life of the
administered factor XllI (FXIIl) concentrates after the first
replacement therapy in a newborn with severe congenital FXIII
deficiency” (Thromb Haemost 2012; 107.3)

Patient Control
Wt Ix 1414 1x

FXIII-A e G

FXIII-B ™ @ @b o @8

Suppl. Figure 1: FXIII-A and FXIII-B antigens in the proband’s plasma.
Essentially no FXIII-A antigen was detected by Western blotting, while FXIII-B protein
was found to have decreased mildly in the patient (left) when compared to a normal
control (right). An anti-FXIII-A antibody was rabbit polyclonal and homemade as
described previously (Ichinose et al, Biochemistry 25; 4633-4638, 1986). An anti-
FXII-B  antibody (RAHu/FXIII-S; polyclonal rabbit antiserum)was purchased
from NORDIC immunological Laboratories (Tilburg, The Netherlands).
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Suppl. Figure 2: Family pedigree and FXIII activity and FXIII-A antigen levels.

An arrow indicates the proband of severe FXIII deficiency in this family. FXIII
activities and antigen levels are determined by an amine incorporation assay and ELISA,
respectively. FXIII activities (% of normal) are followed by FXIII antigen levels (% of
normal). Blue-fills and pink-fills stand for Tyr204Stop and Ser708Arg mutations,
respectively. N.D.; not determined because a sample was not available.



Suppl. Table 1: Laboratory tests (day 5).

WBC 9,550
RBC  341x10*
Hb 11.8
Ht 34.7

Plt 22.5%x10*

PT 9.9
PT-INR 0.90
aPTT 48.6
Fibrinogen = 121
FDP 3.1
Antithrombin 54.6

F /8act. 104.6
F /9 act. 25.7
vWF 173

/ulL
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o/dL
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sec
mg/dL
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TP
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GOT
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IL.DH
CK
BUN
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CRP
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4.2
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Abstract Coagulation factor XIII/13 (FXII/13) stabi-
lizes fibrin molecules by creating crosslinks with other
fibrin molecules as well as with a,-plasmin inhibitor (c,-
PI). “Hemorrhagic acquired FXIII/13 deficiency” was
formerly considered rare, but has been increasing recently
in Japan. During the 10 months of our nationwide cam-
paign, we diagnosed five new patients with “acquired
hemorrhaphilia due to anti-FXIII/13 autoantibodies,” after
examining 20 newly suspected cases of “hemorrhagic
acquired FXIII/13 deficiency.” When FXIII/13 activity
was reduced to less than 50% of normal, it was propor-
tional to the difference in o,-PI levels between plasma and
serum (plasma-serum a,-PI), likely due to its cross-linking
to fibrin by activated FXIII/13. Accordingly, decreased
amounts of the plasma—serum o,-PI ex vivo may reflect
reduced FXIII/13 activity in vivo. The plasma—serum o,-PI
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may thus also be a useful diagnostic marker for severe
FXIII/13 deficiency.

Keywords Nationwide study - Bleeding disorder -
Acquired deficiency - Autoantibodies - Protein
cross-linking - Anti-fibrinolytic potency

Introduction

“Acquired hemophilia (AH)'” is an autoimmune disease
resulting from the presence of autoantibodies directed
against clotting factors [1], most commonly factor VIII
(FVII) {2], less commonly factors IX, V, VII, and XI, and
rarely factor XIII (FXII, or FXIII/13 to avoid confusion
with FVIII and FXIIz) and prothrombin [3, 4]. Recently,
recognition of this bleeding disorder has been on the rise;
e.g., the incidence of acquired hemophilia-A due to anti-
FVIII inhibitors has been estimated at 1.5 cases per one
million population per year [5].

In contrast, information on only a small number of cases
of “acquired/autoimmune hemorrhaphilia (see footnote 1)
due to anti-FXII/13 inhibitors (AH-13)” has been col-
lected [6, 7]. However, AH-13 has also recently been on
the increase in Japan (27 cases at the time of submission;
unpublished data). AH-13 must be distinguished from
regular “hemorrhagic acquired FXIII/13 deficiency (HA-
FXMI/13def)” [6], as AH-13 tends to be more severe than

! Acquired hemophilia is not an official naming but is a tentative,
working name for this category of diseases, because it is not included
in the current version of the WHO ICD (2007). “Acquired hemor-
rhaphilia” seems to be a more logical and proper naming.

% Occurring frequently in clinical fields and less commonly in
scientific fields even in the official journal of the International Society
of Thrombosis and Hemostasis as well as in PubMed.
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regular HAFXIII/13def, and requires immunosuppressive
therapy to eradicate autoantibodies, together with FXIII/13
replacement therapy to stop bleeding.

Nevertheless, even severe FXIII/13 deficiency can be
overlooked by physicians as there is no routine coagulation
test to determine FXIII/13 activity. Thus, in the present
study, we explored the possibility that the difference in
o5-PI concentrations between plasma and serum (plasma-—
serum a»-PI) is a reliable indicator of FXIII/13 activity.

Methods

The authors have been called in as consultants for many
AH-13 cases in recent years, so we embarked on a
nationwide campaign concerning this disorder in Japan in
2009. A flyer and a simple questionnaire on past cases of
HAFXIII/13def [6] were sent to 1,757 university or public
hospitals and hematologists. From August 2009 to June
2010, patients who were bleeding actively due to unknown
causes were recruited into the study and examined. Inclu-
sion criteria were as follows [6, 7]: when otherwise healthy
subjects suddenly manifested severe bleeding symptoms in
the absence of a family history, prolonged clotting times, or
platelet abnormalities, their physicians called members of
the study group (see title page) into consultation. This
study was approved by The Institutional Review Board of
the Yamagata University School of Medicine. All proce-
dures were conducted in accordance with the Declaration
of Helsinki. Informed consent was obtained from all
individuals.

Whole blood of patients was collected into 1/10 volume
of 3.8% sodium citrate as an anticoagulant and centrifuged
at 1,000g for 10 min at 4°C to prepare plasma. Serum was
prepared separately by collecting blood into a Venoject II
tube (Terumo, Tokyo, Japan) containing polyester film
coated with glass microparticles to enhance coagulation.
Plasma and serum samples were quick-frozen and sent to a
commercial laboratory (SRL Ltd., Hachioji, Japan) to
measure plasma FXIII/13 activity (normal range 70-140%)
by ammonia release assay (Berichrom FXIII, Dade Behring,
Marburg, Germany) as well as plasma and serum levels of
o,-PI using a commercial kit (Testzyme S APL, Sekisui
Medical, Tokyo, Japan; normal range 80-130% for plasma;
coefficient of variation: <5%). The amount of plasma-—
serum op-PI was calculated by subtracting the serum con-
centration of o,-PI from an adjusted plasma concentration
of op-PI (divided by 0.9 to allow for 1:9 dilution with the
anticoagulant). The ratio of plasma-serum ¢«,-PI was cal-
culated by dividing the amount of plasma—serum o,-PI by
the amount of the adjusted plasma concentration of ¢,-PI.

For statistical analysis, comparison between groups
by the Mann—Whitney and Kruskal-Wallis test, and

) Springer

correlation between parameters by the Spearman’s coeffi-
cient were carried out using the software program JMP ver.
6.0.3 (SAS Institute, Cary, NC, USA), and differences were
determined to be statistically significant at a P value of
<0.05.

Results and discussion

We diagnosed five new AH-13 patients over a 10-month
period, when we examined 20 newly suspected cases with
HAFXIII/13def; 15 of these cases were confirmed to be
persistent/chronic HAFXIII/13def (range of FXIII/13
activity, 5-66%). The remaining five cases showed normal
FX1I/13 activity at the time of examination, thus they were
diagnosed as having transient FXIII/13 deficiency. We then
further confirmed by our laboratory tests that five of the 15
cases with HAFXTII/13def were AH-13, as determined by a
mixing assay using the amine incorporation method [8] and
an immunoblot test for antibodies against recombinant
EXTII/13-A and recombinant FXIII/13-B (in preparation).
The AH-13 cases showed greatly reduced FXIII/13 activity
(<25% of normal), four of which were found to be idio-
pathic and one of which had an abdominal aortic aneurysm.
One of the remaining 10 cases with HAFXIII/13def had no
underlying disease, while others had a thoracic or
abdominal aortic aneurysm, esophageal, uterine or rectal
cancer, soft tissue tumor, hepatitis, pneumonia, or rheu-
matoid arthritis.

The average activity level of FXIII/13 was significantly
lower in the 20 new cases suspected of being HAFXIII/
13def, compared with 20 normal controls (mean and
standard deviation of FXII/13 activity, 45.5 & 30.7 vs.
96.6 £ 17.7%; P < 0.0001; Fig. la). This is very likely
due to its over-consumption in most cases and to anti-
FXIII/13 autoantibodies at least in five AH-13 cases. The
possibility of EXIII/13 hypo-biosynthesis, however, cannot
be completely excluded.

Plasma concentrations of op-PI were slightly lower
than in normal controls (94.8 4 26.2 vs. 112.7 & 11.1%;
P = 0.01; Fig. 1b). Three of four patients with reduced
o»-P1 levels showed plasmin/o,-PI complex levels higher
than normal (data not shown), suggesting that «,-PI was, at
least in part, consumed by plasmin.

Notably, the difference in a,-PI levels between plasma
and serum (plasma—serum o,-PI) was also significantly
lower in the HAFXIII/13def-suspected cases compared
with normal controls (9.1 & 8.8 vs. 18.9 & 5.8%, respec-
tively; P < 0.001; Fig. 2a). The ratio of plasma—serum
op-P1 to plasma o,-PI was then calculated, since plasma
concentrations of o,-PI varied and were slightly lower
than normal controls (94.8 4 26.2 vs. 112.7 + 11.1%:;
P = 0.01); the ratio to the adjusted plasma c,-PI was again
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Fig. 1 Comparison of F13 activity (a) and o,-PI (b) between
HAF13def-suspected patients and normal controls. F13 activity and
02-PI concentrations in plasma were measured and compared
statistically among 20 suspected cases with HAF13def and 20 normal
individuals, as described in the “Methods”. Box plots represent
median, quartiles, and range of laboratory measurements

significantly lower in the HAFXIII/13def-suspected cases
compared with normal controls (0.083 & 0.076 vs.
0.15 =+ 0.044, respectively; P < 0.001; Fig. 2b). The AH-
13 cases, in particular, demonstrated severely reduced
plasma—serum o,-PI amounts and its ratio to plasma «,-PI
(crosses in Fig. 2a, b).

The linear relationships between these parameters,
moreover, were significant among the HAFXII/13def-
suspected cases (R*=0.52 and 0.56; P < 0.001 and
<0.001, respectively; left in Fig. 2a, b). There was no
relationship between FXTIII/13 activity and the amount of
plasma-serum o,-PI and its ratio to the adjusted plasma
%;-PI among members of the normal control group
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Fig. 2 Relationship between FXIII/13 activity and plasma—serum
op-PI levels in HAFXIII/13def-suspected cases and normal controls.
Correlation of F13 activity with amounts of plasma-serum o-PI (an
adjusted plasma o,-PI-serum o,-PI) (a) and that with the plasma—
serum o,-PI ratio (the amount of plasma-serum o,-Pl/the adjusted

(R* = 0.13 and = 0.085; P = 0.16 and 0.26, respectively;
right in Fig. 2a, b).

These results indicate that low levels of plasma-serum
o-PI and its ratio to the adjusted plasma o,-PI may reflect
reduced FXIII/13 activity, especially below 50%, i.e., in
evident HAFXII/13def cases, which include AH-13 cases.
FXIII/13 levels at more than 50% of normal may be suf-
ficient to achieve the plateau amount of plasma-serum
op-Pl, i.e., approximately 20% of plasma oy-PI which
coincides with the plateau level of crosslinked «,-PI by
activated FXIII/13 (FXIII/13a) [9, 10]. It is highly likely
that most of the plasma—serum o,-PI molecules represent
those of o,-PI that have covalently ligated to blood clots.
A subset of plasma o,-PI may have lost its crosslinking
ability as an FXIII/13a substrate for unknown reasons in
the HAFXTII/13def cases.

Amounts of plasma—serum o,-PI reflect ex vivo FXIII/
13 activity against natural substrates. It is very likely that in
severe HAFXIII/13def cases, amounts of crosslinked o,-PI
that have covalently ligated to hemostatic clots are reduced
in vivo, as well. This may, in turn, lead to decreased
resistance to fibrinolysis in a hemostatic clot, and its pre-
mature lysis [11]. It has been reported that model thrombi
from an FXIII/13-deficient patient lysed more quickly than
normal thrombi; replacement therapy with FXIII/13 con-
centrate normalized lysis at about 50% FXIII/13 activity in
plasma [12]. Complete stabilization of thrombi was also
achieved in vitro at 0.5 U/mL FXIII/13 [13].

In addition, crosslinked a,-PI may play a significant role
in the inhibition of spontaneous lysis of a retracted clot
more than in that of a non-retracted clot [11]. Consistently,
we found that clot retraction of platelet—fibrin was absent in
FX1II/13 A subunit-deficient mice [14] manifesting severe
bleeding symptoms [15, 16].
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plasma o,-PI) (b) are shown in 20 suspected cases with HAF13def
(solid circles; 5 crosses are AH13 cases) and in 20 normal individuals
(open circles). The solid and broken regression lines are for the
patients and normal individuals, respectively
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In summary, we propose reduced plasma-serum o,-PI as
an indicator of significantly decreased FXIII/13 activity in
patients with HAFXII1/13def including AH-13, an indica-
tor which may contribute to quick diagnosis, and, conse-
quently, successful treatment of severe FXIII/13 deficiency
in the clinical fields.
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Footnotes

1 Acquired hemophilia is not an official naming but is a tentative, working name for this category of diseases,
because it is not included in the current version of the WHO ICD (2007). “Acquired hemorrhaphilia” seems to be a

more logical and proper naming.
2 Ocecurring frequently in clinical fields and less commonly in scientific fields even in the official journal of the
International Society of Thrombosis and Hemostasis as well as in PubMed.
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Hemorrhagic Acquired Factor XIII (13)
Deficiency and Acquired Hemorrhaphilia 13

Revisited

Akitada Ichinose, M.D., Ph.D."

ABSTRACT

Coagulation factor XIII (F13) circulates in blood as a heterotetramer composed
of an A subunit dimer and a B subunit dimer. It is activated by thrombin and crosslinks
fibrin monomers. Congenital F13 deficiency demonstrates a lifelong bleeding tendency,
abnormal wound healing, and recurrent miscarriages, and it first manifests as umbilical
bleeding after birth. In contrast, secondary F13 deficiencies due to its overconsumption
and/or hypobiosynthesis by disseminated intravascular coagulation, major surgery, liver
diseases, and other disorders are rather common but rarely complicated with bleeding
symptoms. Recently, consultations with physicians who have patients with hemorrhagic-
acquired F13 deficiency with anti-F13 inhibitors (acquired hemorrhaphilia 13) have
indicated an increase in this disease in Japan. We performed a nationwide survey,
supported by the Japanese Ministry of Health, Welfare and Labor and confirmed
21 Japanese cases of this disease with anti-F13 inhibitors. Because neither prolonged
clotting times nor reduced platelet counts are observed in patients with this disease, many
more cases may have been overlooked. Physicians must be mindful of acquired
hemorrhaphilia 13 when seeing such patients and should measure F13 activity. Products
containing F13 are effective for hemostasis generally, and immunosuppressive therapy
must be started immediately to eradicate anti-F13 antibodies.

KEYWORDS: Acquired bleeding tendency, protein crosslinking enzyme, autoantibody,
decreased production, increased consumption

THRONMBOPHILIA VERSUS HEMOPHILIA

The 21st century is “the era of thrombosis” including
myocardial infarction, cerebral infarction, and pulmo-
nary thromboembolism. The number of deaths due to
thrombosis is two to three times higher than that of
cancer in the Western countries and is increasing more
than cancer in the Eastern countries, including Japan.
Thrombosis is a multifactorial disease caused by a

combination of various genetic and environmental fac-
tors. The genetic tendencies predisposing to thrombosis
are called zhrombophilia; the term literally means “love of
thrombus.” Thrombophilia has been vigorously inves-
tigated to control and manage thrombotic complica-
tions.

In contrast, inherited bleeding disorders are
mostly monogenic diseases whose causes were almost
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Acquired Hemophilia "
due to F13 Inhibitors
(AH13)

Figure 1

Non-hemorrhagic cases (vast majority)

Hemorrhagic cases (rare)

T a——

Hemorrhagic
Acquired F13 Deficiency
(HAF13def)

The concept of acquired hemophilia XI11{13){AH13) and hemorrhagic acquired FXI1(13)deficiency (HAF13def). AH13

is caused by F13 inhibitors, while HAF13def is due to severe F13 deficiency without inhibitors. However, the diagnosis of
HAF13def is tentative because of the lack of complete examination of potential cases for inhibitors against other F13-related
molecules (indicated by circled question mark [?]). In contrast, the diagnosis of AH13 is definite because the presence of anti-

F13 antibodies is confirmed by immunological methods.

completely solved by the late 1980s at the genetic and
molecular levels. The genetic tendencies predisposing to
bleeding are called hemaphilia, “love of blood”; it may be
more appropriate to called them hemorrhaphilia’ be-
cause their core symptom appears as “love.of bleeding.”
Hemophilia A and B are common outcomes of congen-
ital factor (F)VIII and FIX deficiency, respectively.
Hemophilia C, para-hemophilia, and pseudo-hemo-
philia are also caused by congenital FXI, FV, and von
Willebrand factor deficiency, respectively. In contrast,
acquired hemophilia (AH) is an autoimmune disease
resulting from the presence of autoantibodies directed
against clotting factors,” most commonly FVIII, less
commonly FIX, FV, FVII, and FXI, and rarely FXIII
(or F13 to avoid confusion with FVIII) and prothrom-
bin. This bleeding disorder has become increasingly
recognized. For example, the incidence of acquired
hemophilia A (AHA) was estimated at 1.5 cases per 1
million population per year.®

In the case of AH due to F13 inhibitors, Lorand
and Egbring et al summarized 22 cases including one
congenital F13 deficiency case >15 years ago. ¥ Tts
mortality rate is rather high, ~25%. Because I had
been consulting on many such cases, I began a nation-
wide study in Japan in 2009. The epidemiology, patho-

physiology, diagnosis, and management of hemorrhagic
acquired F13 deficiency (HAF13def) or AH due to F13
deficiency (AH13) are described briefly in this review
(Fig. 1).

FACTOR XIii (F13)

Transglutaminases (TGases) are enzymes that catalyze
the formation of e-(y-glutamyl)lysine bonds, in so-
called protein crosslinking reactions, between several
proteins.® A total of 10 members of the TGase family
were identified in the Human Genome Project. F13 is
also called plasma TGase and fibrin stabilizing factor,
and it circulates in blood as a heterotetramer consisting
of two catalytic A subunits (F13-A) and two noncatalytic
B subunits (F13-B), A,B,” The gene organization of
TGase was first established for F13-A in 1988; its gene is
coded by 15 exons interrupted by 14 introns. The
primary structure of T'Gase was also first established in
1986 for F13-A; it consists of 731 amino acid residues.
F13-As of placenta and recombinant proteins have been
crystallized. X-ray crystallography demonstrated that
F13-A is composed of five distinct domains: an activa-
tion peptide, B-sandwich, central core (containing the
active site Cys-314), barrel 1, and barrel 2 regions.



