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F13-B is composed of 641 amino acid residues.
F13-B consists of 10 tandem repeats that have been
designated as Sushi domains, or short consensus repeats
(SCRs). At least 3 of the 10 Sushi domains of F13-B
have distinct functions to form either a homodimer or a
heterotetramer with F13-A. The gene of F13-B is
composed of 12 exons, and each sushi domain is coded
by a single exon. The Human Genome Project has
identified homologous Sushi domains in a total of 53
genes. Nuclear magnetic resonance studies revealed that
Sushi domains in complement factor H consist of
double- or triple-stranded B-sheets and several B-turns
and cuboid forms.

Although tissue TGase exists in most tissues and
organs, F13-A is mainly limited to plasma and mega-
karyocytes/platelets and monocytes/macrophages, and
placenta in pregnant females. The site of synthesis for
F13-B is the liver.

F13 is a proenzyme converted to an active
enzyme called F13a by thrombin that is generated in
the final stage of the blood coagulation cascade. F13
plays an important role or roles in hemostasis, wound
healing, and maintenance of pregnancy. The enzyme
promotes clot stability by forming covalent bonds
between fibrin molecules and also by crosslinking fibrin
with several proteins including o,-plasmin inhibitor
(0p-PI) and fibronectin. These reactions lead to an
increase in the mechanical strength, elasticity, and
resistance to degradation by plasmin of fibrin clots,
and promotion of wound healing by providing a scaf-
fold for fibroblasts to proliferate and spread. It is
suggested that interactions of F13 with other cells
such as macrophages and platelets play important roles
in the physiological reactions.®’

CLASSIFICATION OF F13 DEFICIENCY

The normal range of plasma F13 levels is generally 70 to
130%. Thus individuals with levels <70% arc F13
deficient, subclassified into congenital and acquired
types (Table 1). The former is caused by defects in either
the F13-A or F13-B gene,'® and the latter is caused by a
secondary F13 reduction mainly due to hyposynthesis
and/or hyperconsumption through a primary disease,
such as leukemia, myelodysplastic syndrome and liver
diseases, disseminated intravascular coagulation (DIC),
major surgery, or chronic inflammatory bowel diseases.
F13 deficiency should also be subclassified into hemor-
rhagic (symptomatic) and nonhemorrhagic (asympto-
matic/laboratory) categories. It used to be described
that as low as 5% of plasma F13 activity is sufficient
for normal hemostasis from observations in congenital
F13 deficiency. However, the F13 level to delineate the
boundary between hemostasis and hemorrhage could be
much higher and became more controversial in both
congenital and acquired settings.'"™*

Table 1 Classification of Factor 13 Deficiency

A. Congenital factor (F)13 deficiency
1. Congenital F13-A deficiency
2. Congenital F13-B deficiency
3. Congenital combined F13-A and F13-B deficiency (not found)
B. Acquired F13 deficiency
1. Hemorrhagic (symptomatic) acquired F13 deficiency
(including acquired hemorrhaphilia 13)
anti-F13 autoantibody (type |, neutralizing type; type I,
binding type)
other F13 inhibitors {paraprotein, etc.)
severe secondary F13 deficiency (DIC, surgery, trauma,
liver diseases, leukemia, etc.)
idiopathic/cryptogenic
2. Nonhemorrhagic {asymptomatic or laboratory) acquired
F13 deficiency mild secondary F13 deficiency (DIC,
surgery, trauma, liver diseases, leukemia, etc.)
C. Acquired hemophilia 13-like diseases (acquired dysfunction
of F13-related molecules)
1. Autoantibodies against F13 substrates (fibrinogen, ay-Pl,
etc.)
2. Inhibitors against F13 substrates (fibrinogen, ao-Pl, etc.)
D. Artifacts
1. Sample errors {serum, mislabeling with normal plasma)
2. Consumption of F13 in samples (clotting by inappropriate
blood collection)
3. Inactivation of F13 in samples (long-term storage under
inappropriate conditions)
4. Lack of reagents (calcium, thrombin, etc.)

DIC, disseminated intravascular coagulation; ayPl, ap-plasmin inhibitor.

CONGENITAL F13 DEFICIENCY

About 500 cases of congenital F13 deficiency have
been identified, and its prevalence is reported to be
one in 2 million. A lifelong bleeding tendency, as well
as abnormal wound healing and recurrent miscarriage,
are common symptoms of congenital F13 deficiency.
The first manifestation is mostly umbilical bleeding
within several days after birth, and the most common
cause of death is intracranial bleeding. Oozing
and after bleeding are also characteristic of congenital
F13 deficiency because a once-formed hemostatic clot
is easily lysed after a half day or 1 day in these
patients.

We classified congenital F13 deficiency at the
genetic DNA level: F13-A deficiency (former type 11
deficiency) and F13-B deficiency (former type 1 defi-
ciency), and a possible combined deficiency of F13-A
and F13-B'° (Table 1; http://www.med.unc.edu/isth/
99FXIILhtml). Because the genes for F13-A and F13-B
are localized to chromosomes 6p and 1q, respectively,
F13 deficiency is inherited as an autosomal recessive trait
and caused by the absence of either subunit. However,
heterozygotes of these deficiencies may manifest a mild
bleeding tendency.'™*
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Most of congenital F13 deficiencies are caused by
defects in the F13-4 gene whose mutations are highly
heterogeneous, including a variety of missense and non-
sense mutations, small deletions and insertions with or
without out-of-frame shift/premature termination and
splicing abnormalities. Most recently, it was reported
that F13-B deficiency is not uncommon, at least in the
German white population.™

ACQUIRED HEMOPHILIA 13

Epidemiology
In Japan, an increasing number of otherwise healthy
subjects suddenly manifested severe bleeding symptoms
in the absence of family history or prolonged clotting
times. When we performed a nationwide study by
sending a questionnaire to ~1800 hospitals, 59 suspi-
cious cases were found; 11 and 8 cases had mildly (<40%
and <70%) and severely (<40%) decreased F13 activity,
respectively. During 5 months in the late 2009, 18
candidates were consulted, and the selected 10 cases
were diagnosed with AH13 or HAF13def. Thus the
incidence was estimated to be 2 cases/month or 24 cases/
year in Japan. However, in Kitakyushu City with a
population of 1 million, one case of AH13/HAF13def
has been diagnosed every year; therefore 120 people per
year may develop this disease in Japan, and 80% (96
cases) may be overlooked because of the lack of an
efficient routine screening test for F13 deficiency. This
number, one case/million per year, is the same as the
incidence of AHA.>

Tt is noteworthy that two definite AH13 cases
were found in each of three cities with populations of
120,000, 390,000, and 480,000, respectively, within
short intervals. It is very likely that a physician who
has diagnosed a patient with AH13 case once will easily
find another case, whereas a physician who has never
seen such patients may be prone to overlook them.
Accordingly, we have sent flyers describing this disease
and are delivering seminars/lectures and publishing re-
view articles.

Pathophysiology
As mentioned earlier, HAF13def includes both hemor-
rhagic acquired F13 deficiency with inhibitors (AH13)
and one without F13 inhibitors (simple HAF13def;
Table 1; Fig. 1). A literature search using PubMed
found two Japanese case reports of F13 inhibitors (i.c.,
AH13). Another search using the Igaku Chuo Zasshi
system (a database for medical journals in Japanese)
found 15 HAF13def cases; 7 of these were AH13.

In our hands, 16 cases were diagnosed as HAF13-
def by mid-2009, and 7 of them had anti-F13 antibodies
(i.e., AH13). During our nationwide study in late 2009

and early 2010, 5 among 20 cases with HAF13def were
confirmed to have anti-F13 antibodies. Accordingly, at
least 21 Japanese cases, mostly in the elderly, had
developed F13 inhibitors; this number is similar to
that summarized by Lorand and Egbring et al using
publications between 1967 and 1992, a period of
25 years.”® Because relatively few articles have been
published so far this century,” such case reports may
not be accepted by major medical journals. Patients with
AH13 may be more prevalent in Japan than in other
countries for some reason. About half of them had no
underlying diseases; the remaining half had autoimmune
diseases, cancers, and so on. Previously, it was also
reported that AH13 would occur in patients with auto-
immune diseases, malignancies, and drug-induced
disorders.*® All of our 12 cases had immunoglobulin-
type inhibitors. However, other type inhibitors, like
paraproteins, may exist among the remaining cases
of HAF13def tentatively labeled as “without anti-F13
inhibitors” because we have not detected them by specific
assays.

Among 7 and 15 cases diagnosed as simple
HAF13def before and during the domestic study, re-
spectively, most patients had suffered from diseases such
as atypical Henoch-Schénlein purpura, uncreative col-
itis, abdominal aortic aneurysm, myelodyscrasia, cancers,
chronic hepatitis C, or interstitial pneumonia. The
remaining patients had no underlying diseases despite
severe bleeding symptoms.

Laboratory Tests and Diagnosis {Table 2)

There is neither a past history nor family history of
bleeding tendency in the patients with AH13/
HAF13def. Severe bleeding mainly occurs in soft

tissues, such as skin and muscle, but it can occur

anywhere in the body, even in the various cavities.
Intracranial, intrathoracic including cardiac tampo-
nade, and intra-/retroperitoneal bleeding are life
threatening and need to be treated immediately. Con-
tinuing bleeding and oozing-type bleeding are also
indicative signs of AH13/HAF13def. Patients with
AH13/HAF13def frequently present progressing
severe anemia and sometimes shock because of an
acute massive blood loss. Regular clinical reviews
supported by measurement of hemoglobin or hema-
tocrit level are crucial for optimal outcomes.

When routine general screening tests for bleeding
tendencies, such as activated partial thromboplastin time
and prothrombin time, platelet counts, and aggregation
tests are normal or near-normal ranges in a suspected
patient, physicians should consider AH13/HAF13def.
The measurement of F13 activity is not sufficient but
definitely required for the specific screening of F13-
deficient conditions. One must pay attention to the
fact that all the ordinary methods typically employed



386

SEMINARS IN THROMBOSIS AND HEMOSTASIS/VOLUME 37, NUMBER 4 2011

do not measure the functional enzymatic F13 activity
toward any physiological macromolecular substrates,
such as fibrin and a,-PI, whose crosslinking is essential
for normal hemostasis. One must also remember that the
F13 activity value measured by the ammonium release
assay contains a high background of ~10%, as confirmed
previously.'®

We used the following tests for the screening and
confirmatory tests of AH13 (Table 2): an ammonium
release assay for F13 activity after incubation of samples
at 37°C for 2 hours: (a) patient plasma, (b) control
plasma, and (¢) 1:1 mixture of normal and control
plasma. If the value of (¢) is less than the average of
(a) and (b), one should suspect the presence of F13
inhibitors. Once suspected, we must try to detect F13
inhibitors in the patient’s plasma by a five-step dilution
mixing assay by amine incorporation, and an immuno-
blot test and/or enzyme-linked immunosorbent assay for
antibodies against F13-A, F13-B, and A,B, complex
(Souri and Ichinose, manuscript in preparation). When
F13 activity of normal control plasma is nearly com-
pletely inhibited by the addition of patient’s plasma, it is
classified as a type I (neutralizing type) inhibitor. When
F13 of normal plasma is only partially inhibited and the
presence of F'13 and inhibitor complex is confirmed, it is
classified as a type II (binding type) inhibitor. Even if
F13 activity against small synthetic substrates was within
a normal range, its activity toward fibrin must be

examined by the crosslinking of fibrin by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis in order not to
overlook such types of inhibitors. In our hands, the
immunological detection of inhibitors employing a dot
blotting method has been the most sensitive and suc-
cessful because both type I and type II antibodies bind to
F13 antigens. The difference in «,-PI levels between
patient’s plasma and serum is also a relatively good
indicator of F13 function (Ichinose et al, manuscript in
preparation).

In vivo recovery test of F13 is also useful and
practical. One can estimate at least the pharmaceutical
efficacy of F13 replacement therapy and at the same time
its clinical efficacy.

When any of the confirmatory tests just described
were negative, patients were considered to have simple
HAF13def, without anti-F13 inhibitors (Fig. 1). How-
ever, this diagnosis is only tentative, as described earlier.
Possible antibodies against a,-P1 or fibrin/fibrinogen

were also not examined.

Management

It 1s most important to stop bleeding immediately by
injecting F13 products whenever possible. Plasma-
derived F13 concentrates contain ~240 units/vial and
are currently available in Japan and in most European
countries. Cryoprecipitate and fresh-frozen plasma are

Table 2 Tests for Acquired Hemorrhaphilia 13/Hemorrhagic Acquired Factor 13 Deficiency

A. Eligibility {inclusive) criteria

1. aPTT, platelet count, and aggregation tests: normal or subnormal range

2. Past history and family history of bleeding tendency: absent
3. Specific causes for bleeding: absent
B. Screening tests
1. Plasma F13 activity
a. Patient’s F13 activity after 2-hour incubation at 37°C: <50%

b. Control's F13 activity after 2-hour incubation at 37°C: nearly 100%
c. 1:1 mixing test for F13 activity after 2-hour incubation at 37°C: lower than (a +b)/2, to be examined further

2. ap-Pl activity
a. Plasma «,-P! activity: nearly 100%

b. Serum «,-Pl activity ~80% of the plasma value: when close to the plasma value, to be examined further

3. FDP: if >5 pg/mL, to be examined further

4. D-dimer: when disproportionally low compared with the FDP value, to be examined further

C. Negative tests for exclusion
1. Plasma FVIll activity: near 100%
2. Plasma FIX activity: near 100%
D. Confirmatory tests

1. Five-step dilution mixing test for F13 activity between patient’s and normal plasmas

2. ELISA for F13-A and F13-B antigen levels
3. Western blotting for F13-A and F13-B proteins
4. Fibrin crosslinking test by SDS-PAGE

5. Dot blotting and ELISA for anti-F13-A and anti-F13-B inhibitors using an antihuman Ab to IgG, IgM, and IgA classes
6. Dot blotting and ELISA for anti-fibrin/fibrinogen and anti-a,-Pl inhibitors, etc.

aPTT, activated partial thromboplastin time; FDP, fibrinogen degradation product; ELISA, enzyme-linked immunosorbent assay; SDS-PAGE,
sodium dodecy! sulfate-polyacrylamide gel electrophoresis; lg, immunoglobulin.



HEMORRHAGIC ACQUIRED FACTOR Xl (13) DEFICIENCY/ICHINOSE

387

other sources of F13, although they contain only ~3 and
1 unit/mL of F13, respectively.'” Thus one must pay
attention to possible circulatory overload by the F13
replacement therapy for hemostasis. There is no clear
rule how much F13 should be infused; however, as a rule
of thumb, the more severe the symptoms, the higher the
F13 dose should be administered (e.g., up to nearly 100%
for life-threatening intracranial bleeding). However,
there is a limit for F13 replacement therapy in Japan
regulated by social insurance (i.e., 1440 units per day for
5 days).

Antifibrinolytic therapy employing tranexamic
acid or aprotinin may be partly effective to protect a
hemostatic clot from the fibrinolytic activity of plasmin,
especially when there are difficulties in the administra-
tion of F13. However, one should keep in mind that F13
has at least two major hemostatic functions (i.e., fibrin
stabilization and antifibrinolysis); tranexamic acid and
aprotinin only have an effect on the latter. Therefore, the
effect of antifibrinolytic agents alone may be limited and
not sufficient to stop severe bleeding.

When a patient with HAF13def has an F13
inhibitor (i.e., an AH13 case), immunosuppressive ther-
apy has to be initiated as soon as possible. Corticosteroid
is usually the first-line medicine and cyclophosphamide
the second. The inhibitors tend to decrease after 3 to
4 weeks and normally disappear after ~2 months. When
both drugs fail, a combination of these two is worth a try.
Rituximab can be also the next choice, although it is not
currently approved by social insurance at least in Japan.
An anti-F13 inhibitor in a patient spontaneously dis-
appeared without specific immunosuppressant therapy
after several years.'® This patient had been at risk of
bleeding for a long time.

Finally, severe anemia needs be taken care of by a
transfusion of fresh blood or red cell concentrates.

Secondary F13 Deficiency

Acquired F13 deficiency (Table 1) is frequently found
secondary to various disease states, such as DIC and
surgery due to enhanced consumption of F13, and
leukemia and hepatic disorders because of the impaired
synthesis of F13-A and F13-B, respectively,'>>1%2
The decreased F13 levels may contribute to the bleeding
tendencies of these diseases in cooperation with global
reduction in other clotting factors and/or platelets.
However, it is uncertain whether or not one should
administer F13 products, even if F13 activity was sig-
nificantly reduced in these conditions.

F13 decreases in the plasma of patients with
chronic inflammatory bowel diseases, and F13 replace-
ment therapy has been reported to be useful. It is very
likely that F13 is consumed in the inflammatory intes-
tine, which in turn results in impaired wound healing
and continuous bleeding in the damaged tissue. F13 is

also known to decrease in patients with Henoch-Schén-
lein purpura, especially with abdominal complications.
In such cases, the administration of F13 concentrates
often leads to good control of the disease.”” The mech-
anism or mechanisms of this F13 reduction is not known
at present.

Perspective

At the moment, there are 13 major and minor problems/
questions with regard to the laboratory tests, diagnosis,
and treatment of AH13/HAF13def (Table 3). Because
we decided to perform the domestic nationwide survey in
Japan 2 years in a row, the actual situation of AH13/
HAF13def will at least be clarified there.** In addition,
we have proposed an international collaborative study for
AH13 at the annual International F13 Symposium in
February 2010, in Nurenberg, Germany, and at the
International Society on Thrombosis and Haemostasis/
Scientific and Standardization Committee meeting in
May 2010 in Cairo, Egypt.

Routine clotting time assays cannot find F13
deficiency, and ordinary clot solubility tests can detect
only extremely low levels of F13.”> However, we hope a
new screening test based on the simple clot retraction
reaction of platelet-rich plasma’ will be developed soon
(Yatomi and Ichinose, manuscript in preparation). The
new method will be fast, simple, and ubiquitous.

At least some coagulation research centers in each
country must be capable of performing the dot blot
assays to sensitively detect anti-F13 antibodies, although

Table 3 13 Problems/Questions Regarding Acquired
Hemophilia 13/Hemorrhagic Acquired Factor 13
Deficiency

1. The actual situation of AH13/HAF13def is unknown.

2. It cannot be found by routine clotting time assays.

3. There is no appropriate screening test for reduced
F13 activity.

4. It is unpopular and time consuming to measure
F13 activity or antigen.

5. It is difficult to detect inhibitors against F13.

6. Ordinary F13 activity assays cannot detect impaired
crosslinking of its physiological macromolecular
substrates, such as fibrinogen and a,-Pl.

7. Itis unclear if reduced F13 is really responsible for bleeding.

8. Proper doses of F13 to stop bleeding are unknown.

9. Itis uncertain whether or not F13 replacement really
works to stop bleeding.

10. There is a limit on F13 dosing by the social insurance.

11. There is no bypassing alternative drug.

12. Rituximab for AH13 is not approved by Japanese
social insurance.

13. The naming of AH13 has been controversial.

AH/HA13def, acquired hemorrhaphilia/hemorrhagic acquired F13
deficiency; a,Pl,ax-plasmin inhibitor.
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these are not ordinary tests. Such assays will become
commercially available if the prevalence of AH13/
HAF13def turns out to be much higher.

Our continuing trials to treat AH13/HAF13def
patients with F13 products will elucidate the critical F13
levels for bleeding and hemostasis, and they will make it
possible to estimate the proper dose of F13 products to
control bleeding. When convincing results of our do-
mestic study and those of possible international surveys
are obtained, the Japanese insurance system may finally
approve increased doses of F13 concentrates to stop
ongoing bleeding in AH13 patients as well as the use
of rituximab to eliminate anti-F13 autoantibodies.

In conclusion, we would ask clinicians to measure
F13 activity whenever they see bleeding patients with no
clear explanation.
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