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PLATELETS AND THROMBOPOIESIS

Clot retraction is mediated by factor XIli-dependent fibrin-aIibf3-
myosin axis in platelet sphingomyelin-rich membrane rafts
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Figure 1. I ion of A B C
ibri with rich rafts in cen- Lysenin el i Fibrin Lysenin Fibrin
tral region of adhered platelets In the presence of ? 8 o
thrombin. (A) {a) mCherry-lysenin-positive sphingo-
mysfin (SM)-rich rafts {red), (b) fPEG-Chol-positive
cholesterol-rich rafts {areen), (c) phase-contrast celf
morphology, (d) merged imagss of (a-c). (B) colocal-
ization of fibrin (red) with green fiuorescent profein—
lysenin-positive SM-rich rafts (green). Scale bar, 5 um.
(G) Photonctivated localization microscopy and direct
opticat i {PALMY
JSTORM) imaging of lysenin-positive SM-rich rafts
(green) and fibrin{ogen) (red). The white line repre-
sents the shape of an adhered human platelet.
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and in the cell b We

observed that lysenin-positive sphingomyelin (SM)—nch rafts are identified histochemi-
cally in the central region of adhered platelets where fibrin and myosin are colocalized

on by

diately in platelet

The clot ion of SM from SM

knockout mouse was delayed significantly, suggesﬂng \hat platelet SM-rich rafts are
involved in clot retraction. We found that fibrin converted by thrombin translocated imme-

b (DRM) rafts butthat from Glanzmann's

thrombasthenic platelets failed. The fibrinogen y-chain C-terminal {residues 144-411)
fusion protein translocated to platelet DRM rafis on thrombin activation, but its mutant

thatwas repl by at factor Xili cr inking sites (Q398Q:399) was inhibited.
ore, fibrin ion to DRM rafts was impaired in factor XIll A subunit-
defncmntmouseplmalets which show impaired clot ion. Inthe cy myosin
itantly with fibrin ion into the DRM raft of thrombin-stimulated

platelets. Furthermore, the disruption of SM-rich rafts by methyl-B-cyclodextrin impaired

myosin activation and clot fon. Thus, we prop that clot

takes place in SM-rich rafts where a fibrin-ellbg3-myosin

complex is formed as a primary axis to promote platelet contraction. (Bleod. 2013;122(19):3340-3348)

Introduction

Membrane rafts are dynamic assemblies of sphingolipids, choles-
terol, and proteins that can be stabilized into platforms involved in
the regulation of a number of vital cellular p ! The imp

to 500 nm, which are enriched in CD36 (GF‘IV).&g Recent reports
have demonstrated that membrane rafts are spatially and composi-
tionally h in the cell t 1011 However, little is

role of rafts at the cell surface may be their function in signal
transduction. A number of studies provide considerable evidence
that rafts are integral to the regulation of immune and neuronal sig-
naling. Membrane rafts are also involved in hemostasis and throm-
bosis. Among blood cells, platelets are critical for maintaining the
m(egmy of the blood coagulation system. Platelet rafts are critical
o domains in physiological such as adhesion and
aggregation.” The localization of the adhesion receptor glycoprotein
(GP)Ib-IX-V complex to membrane rafts is required for platelet
adhesion to the vessel wall by binding the von Willebrand factor?
Membrane rafts are also required for platelet aggregation via the
collagen receptor GPVL® the adenosine 5'-diphosphate (ADP)
receptor P2Y12,° the Fey receptor Fc'yRIla\,G and the C-type lectin-
like receptor CLEC-2.7 Detergent-resistant membrane (DRM) rafts of
platelets show round vesicles of heterogeneous sizes ranging from 20

known about raft geneity in platelet t

‘We have identified glycosphingolipid-binding proteins and in-
vestigated the signaling in membrane rafts.'>'® Previously, we
reported on translocation of the heterotrimeric G protein Goo to
the DRM raft in the developing cerebellum.'” In this study, we
demonstrated that sphingomyelin (SM)-rich rafts are localized in
the central region of adhered platelet membranes where fibrin trans-

1

locates on thrombin sti ion in ination with a
factor XIII (FXIII), and this FXII crosslinking occurs on SM-rich
rafts of platelets and is involved in clot retraction.

Methods

The study was approved by the institutional ethics ittee. The patient
gave informed consent in accordance with the Declaration of Helsinki.
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The experimental protocols were approved by the Animal Use and Care
Committee.

Platelet preparation

Blood was collected into 3.8% sodium citrate at a ratio of 9:1. The blood was
centrifuged (140X g} to prepare platelet-rich plasma (PRP). To prepare washed
platelets, we incubated PRP with 4 mM citric acid and washed with Tyrode’s
buffer (137 m.M NaCl, 2.7 mM KCI, 3.75 mM NaH2PO4, 5 mM N-2-

N'-2-¢th ifonic acid (HEPES), 0.35% bovine
serum albumm and 5 mM glucose; pH 6.8) containing 1 mM PGE1 and
1 U/mL heparin. Finally, the platelets were resuspended in Tyrode’s buffer
(137 mM NaCl, 2.7 mM KCl, 3,75 mM NaH,PO,, 5 mM HEPES, 0.35%
bovine serum albumin, and S mM glucose; pH 7.4) containing 1 mM CaCl,
and 1 mM MgCl,.

Cell staining

To stain SM-rich rafts, we incubated platelets with 10 p.g/mL pontoxic
mCherry-lysenin or nontoxic enhanced green fluorescent protein (EGFP)~
lysenin in Tyrode’s buffer (pH 7.4) containing 1 mM CaCl, and 1 mM
MgCh, and platelets were adhered onto a glass-bottomed culture dish coated
with 100 pg/mL human fibronectin by treatment with | U/mL thrombin fcr
15 minutes and were fixed in 4% To stain chol
rafts, we incubated washed platelets with 2 pM fluorescent esters of
{polyethylene glycol) cholesteryl ether (fPEG-Chol). To stain fibrin(ogen) or
integrin B3 on the platelet surface, we adhered platelets onto a glass-bottomed
culture dish coated with 100 pg/mL fibronectin by 1 U/mL thrombin, fixed in
4% de, and incut with the antifibri Tabbit p \
antibody or antiintegrin 83 monoclonal antibody ‘TMS$3® for 1 hour, and then
with the Alexa Fluor 594 or 488-labeled secondary antibody. To stain myosin
or activated myosin, we fixed adhered platelets in 4% paraformaldehyde with
0. 05% Triton X-100, 1 mMNn3V04 and 50 mM NaF, and incubated with the
rabbit polyclonal antibody or antiph light chain
2 (Ser19) monoclonal antibody for 1 hour, and then with the Alexa Fluor
488-fabeled secondary antibody. The images were captured using a Carl
Zeiss (Oberkochen, Germany) confocal imaging system (LSM510 META).

density gradi ysi:

‘We homogenized 600 600 000 platelets using a Teflon glass homogenizer in
2 mL of Tris/Triton buffer (0.05% Triton X-100, 25 mM Tris-HCI, pH 7.5,
150 mM NaCl, and 1 mM EGTA). The sucrose content was then adjusted to
40% by adding 80% sucrose. A sucrose gradient (5% to 30%) in 6 mL of Tris
buffer without Triton X-100 was layered over the lysate and was centrifuged
for 17 hours at 39 000 X g at4°C in a Hitachi (Tokyo, Japan) RPS40T rotor.
The 10 fractions were collected from the top of the gradient. DRM raft
fraction (fraction no. 5) was analyzed by 2-dimentional (2-D) pelyacry-
lamide gel electrophoresis (PAGE) using a Multiphor I1 Electrophoresis Unit
with Immobiline DryStrip pH 3-10 (GE Healthcare, Fairfield, CT).

Fibrin clot retraction

PRP was activated with 1 U/mL thrombin and 5 mM CaCl,, and the reaction
mixtures were left unstirred at 37°C in siliconized tubes. The extent of clot

was itored by taking ph phic images, and
of clot areas was performed using Image] (National Institutes of Health,
‘Washi DC). Clot ion was exp dasap by ratio
between a clot area and that of the ent ion mi (arearatio). Results

are presented as mean * standard deviation (SD) of 3 independent ex-
periments, and analyzed using an unpaired Student ¢ test. The area ratio
method was comparable to the weight ratio method.® Plasma-free clot re-
traction assay was performed with 300 000/uL. washed platelets, 2 mg/mL
fibrinogen, 0.5 U/mL thrombin, 1 mM CaCl,, and 5 mM glucose in HEPES-
Tyrode’s buffer (pH 7.4). They were solubilized by adding an equal volume
of 22X solubilization buffer (252 mM Tris pH 6.8, 40% glycerol, 4% sodium
dodecyl sulfate (SDS), 8 M urea, 32.5 mM dithiothreitol, 2 mM Na;VO,, and
0.25% Bromophmcl Blue) at 95°C for 60 minutes. Pmlem phosphorylation
was analyzed by I with a pt antibody to
myosin light chain (Ser19), phosphotyrosine (PY20).

Results

SM-rich rafts colocalize with fibrin in the central region of
induced by thrombi

The perfringolysin O derivative BCB binds selectively to a sub-
population of platelet DRM rafts (cholesterol-rich rafts), suggesting
that a heterogeneous population of membrane rafts exists in
plaleletszo SM is a major component of raft lipids in platela‘:ts?’20
Lysenin is a specific probe of SM-rich rafis?! A previous study
showed that BCB-positive cholesterol-rich rafts are uniformly
distributed on the cell surface or at the leading edge of spreading
platelets,”” Therefore, we investigated a subcellular distribution of
SM-rich rafts in spreading platelets. Lysenin-positive SM-rich rafts
were mainly localized in the central region of adhered platelets by
thrombin (Figure 1Aa, red). In contrast, polyethylene glycol-
derivatized cholesterol (PEG-Chol), a probe for cholesterol-rich
rafts,2* was localized evenly on the (Figure 1Ab, green).
These.observations suggest that SM-rich rafts are a subset of
cholesterol-rich rafts at the plasma membrane of adhered platelets
by thrombin (Figure 1Ad). To clarify the specific function of SM-
rich rafts, we first focused on the distribution of fibrinogen and SM-
clusters. Previous immunocytochemical studies showed that fibrin
(ogen) is present at the center of spreading platelets treated by
thrombin.? Lysenin-positive SM-rich rafts (Figure 1Ba, green) and
fibrin(ogen) (Figure 1Bb, red) were mostly colocalized as a patch in
double-staining the central region of adhered platelets by thrombin
(Figure 1Bd). Superresolution photoactivated localization micros-
copy and direct stochastic optical recc i i y (PALM/
dSTORM) also indicated the colocalization between fibrin(ogen)
and SM-rich rafts (Figure 1C), suggesting that SM-rich rafts act as
platforms of fibrin(ogen)-mediated outside-in signal, leading to clot
Tetraction.
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A B Figure 2. Reduced SM-rich rafts and delayed clot
A in SM synth; deficlent platelets. (A)
a Wr Flow cytometry of SM-rich rafts of (a) wild-type, (b}
1050 100 SMS1-deficient, and (¢) SMS2-deficient mouse plate-
D lets. (B) Time-dependent clot retraction of SMS1-
8 deficient PRP (red diamonds) and wild-type PRP (black
80 P
= «© circles). The extent of clot retraction was assessed at
- ] 2 60 the indicated times by measuring clot area, (C) Time-
& w clot retraction of SMS2-deficient PRP {blue
k- triangles) and wild-type PRP (black circles). Data are
o 40 presented as the means plus or minus SD of qua-
duplicates. *Statistically significant difference (P < .001).
10003 b WSt KO 20 *Statistically significant difference (P < .005).
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SM-depleted platelets exhibit delayed fibrin clot retraction

We investigated the possible involvement of SM-rich rafts in clot
retraction. In mammals, 2 sphingomyelin synthase (SMS) isoforms
(SMS1 and SMS2) have been shown to account for SM synthesis.
SMS1 is responsible for the bulk of SM production. SMS1 or SMS2
deficiency exhibits a dysfunction of membrane rafts.**?® Flow cyto-
metry d i that the ining quantity of lysenin-positive

SM-rich rafts in SMS1- and SMS2-deficient platelets was 43.5% -

(Figure 2Ab) and 73.8% (Figure 2Ac) of normal platelets, re-
spectively. SMS1- or SMS2-deficient platelets aggregated in response
to 1 U/mL thrombin (data not shown). However, clot retraction was
significantly delayed in SMS1-deficient PRP (Figure 2B, red) and
SMS2-deficient PRP (Figure 2C, blue). In proportion to quantity of
SM-rich rafts, the average time of 50% retraction was prolonged by
2- and 1.3-fold in SMS1-deficient and SMS2-deficient PRPs, respec-
tively. These results suggest that platelet SM-rich rafts are required for
normal clot retraction.

Fibrin translocation to piatelet DRM raft on
thrombin-stimulation

To confirm the association of fibrin(ogen) with platelet membrane
rafts, we attempted to identify DRM-raft-specific proteins from ac-
tivated platelets. We isolated the DRM raft fraction of bi

antibody (Figure 3E). In resting platelets, fibrinogens Aa (67 kDa),
BP (52 kDa), and vy (47 kDa) were detected in the nonraft fraction
(Figure 3C, lanes 7-10). In contrast, fibrins a(65 kDa), B(50 kDa),
and y(47 kDa) were detected in the DRM fraction of thrombin-
stimulated platelets (Figure 3C). The fibrinogen translocation to the
DRM fraction was not detected in collagen- or ionophore-stimulated
platelets (data not shown). Thrombin caused the dose-dependent
translocation of not only 340 kDa fibrin, [«fvy]2 (nonreduced
condition), but also the fibrin polymer (Figure 3Dc, asterisk) to the
DRM fraction (supg 1 Figure 2). Thrombin caused the rapid
translocation of fibrin to the DRM fraction within 30 seconds
(Figure 3D), and the time-dependent conversion of the fibrin mono-
mer to the fibrin polymer (Figure 3D, asterisk). Fibrin was detected
inonly the DRM fraction of thrombin-stimulated platelets (Figure 3E,
lane 3). Moreover, immunoelectron microscopy revealed that the fibrin
fiber associated with the DRM (~300 nm) of thrombin-stimulated
platelets (Figure 3F). The immunogold-positive fibrin fiber was
directly associated with the surface of DRM (Figure 3G). These data
suggest that fibrinogen [AaBRy]2 is released from o-granules of
platelets, converted to fibrin [aBy]2 by the cleavage of fibrino-
peptides A and B with thrombin, and translocated to membrane rafts
of thrombin-stimulated platelets.

Integrin alibB3 is required for fibrin ion to DRM rafts

stimulated platelets by sucrose density gradient cenmfugauon
Several specific proteins (Figure 3Aa, right panel) were detected in
the DRM fraction (Jane 5) of thrombin-stimulated platelets. Three
specific proteins of 65, 50, and 47 kDa were isolated by 2D-PAGE
from the DRM fraction (Figure 3Bb, arrows). By mass spectrom-
etry, they were identified as fibrins at, B, and v, respectively, because
no sequences of fibrinopeptide A (Alal-Arg16) or fibrinopeptide B
(PyroGlul-Argl4) were detected (supplemental Figure 1, found on
the Blood Web site). These results were supported by i blot-

of

To investigate the role of integrin «IIbB3 in fibrin translocation to
the DRM fraction, we used platelets from a type I Glanzmann’s
thrombasthenia patient, a disease characterized by the absence of
alIbB3, a fibrin receptor.”” In ollbB3-deficient platelets, a small
amount of fibrinogen is detectable by western blotting, and almost
no fibrin is translocated to the DRM fraction even with thrombin
stimulation (supplemental Figure 3Aa, upper panel). This result
that aIIbB3 is required for the fibrin translocation to the

ting with an antifibrinogen antibody (Figure 3C-D) and an antifibrin

DRM fraction. The HHLGGAKQAGDY sequence at the carboxyl
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Figure 3. Fibrin translocation to DRM raft fraction of human platelets by thrombin stimulation. (A) Sucrose density gradient analysis of proteins in washed human
platelets. Resting platelets (left panel) and platelsts stimulated for 8 minutes with 1 U/mL. thrombin (right panel) were lysed in Triton X100, and sucrose gradients (5% to 30%)
were formed over them. Ten fractions were collected from top to bottom after centrifugation. The proteins were subjected to SDS-PAGE and stained with Coomassie briliant
biue (a). Immunobiotting of raft marker proteins with anti-CD36 antibody (b) and anti-Lyn antibody (c). A 40-kDa major protein was identified as actin by immunoblotting. (B)
Two-dimensional PAGE analysis of DRM raft fraction (fraction 5) in resting platelets (a) and thrombin-stimulated platalsts {b). The asterisk indicates actin. The arrowhead
indicates integrin allb. (C) Immunoblotting with antifibrinogen antibody of pane! A. (D) Ti of fibril by thrombin for 0 ssconds {lane 1), 30
seconds (fane 2), 1 minute (fane 3), § minutes (lane 4), and 15 minutes (lane 5). condition by antibe

{a), nonraft fraction {b), and DRM raft fraction (c). The asterisk indicates the fibrin pofymer. (E) Immunoblothng w.m antifibtint specific antibody of DRM raft fraction (Ianes 1and3),
nonraft fraction (fanes 2 and 4) of resting platelets (mnes 1and 2), and thrombin-snmulated platelets at 3 minutes (lanes 3 and 4). (F) Association of fibrin fiber with DRM of
thrombil platelets in The DRM of human platelets was incubated with an antifibrinogen antibody and then anti-
1gG-fabeled with colioidal gold. Scale bar, 200 nm, (G) Magnification of gold-attached area on DRM in panel F. The gold-positive fibrin fiber directly associated with the surface
of DRM.

termini of the y-chains of human fibrin provides recognition sites for  bound to the DRM of thro: 1 platelets (suppl 1
the bmdmg of fibrin protofibril to «IIbB3 on activated human platelets.  Figure 3Cd, lane R). These results suggest that the carboxyl termini
The di peptide, 'y 400-411, inhibited the fibrin location to the  of human fibrin y-chains are involved in fibrin translocation to the

DRM fraction (supplemental Figure 3B). To confirm the possible
involvement of y-chains in fibrin translocation to the DRM fraction,
we used the fibrinogen «y-chain C-terminal (residues 144-411) fusion
protein with a human growth hormone (supplemental Figure 3C).
‘The fibrinogen y-chain C-terminal (144-411) fusion protein, but not
the C-terminal deletion mutant (144-399) in the fibrinogen y-chain,

DRM fraction. We observed that a small amount of alIbB3 is
present in DRM rafts, and a large amount of lIbB3 is present in
the nonraft fraction (supplemental Figure 4). These data suggest
that ofIbB3 is necessary for the initial binding to fibrinogen on a
thrombin-activated platelet surface, but not sufficient for the fibrin
translocation to DRM rafts.
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Figure 4. of FXilt for fibrin on to DRM raft fraction of thrombin-stimulated piatelets, (A} Inhibition of fibrin translocation to
DRM raft fraction by i inhibitor cystamir under condition by antifibrii antibody of (upper ‘panal), DRM raft

fraction (midd!e panel), and nonraft fraction (lower pane} in resting (lane 1) and thrombin-stimulated human platelets in the absence (lane 2) or presence (tane 3) of cystamine.
“Total amount of fibrin in releasate, raft, and nonraft fraction of mromm-st\mmed human platelets in the presence of cystamine (lane 3) is comparable to that of fibrinogen in
nonraft fraction of resting platelets {lane 1). (B) T of fibrinogen y-chain fusion protein with DRM raft fraction in thrombin-stimulated
platelats, Immurioblotting of DRM raft fraction {ianes 1, 2, and 3) and nonra't fraction (lanes 4, 5, and 6) in resting (lanes 1 and 4) and thrombin-stimulated platelets in the
absence {{anes 2 and 5) or presence (lanes 3 and 6) of cystamine. (C) F; iation of fibrinogen y-chain fusion proteln with DRM raft fraction in thrombin-
stimulated platelets. immunoblotting by anti-His tag antibody of DRM ratt fraction {lanes 1, 2, and 3) and nonvaft fraction (lanes 4, 5, and 8) using fibrinogen y-chain fusion
protein (lanes 1 and 4), fibrinogen y-chain fusion protein mutants of FXIli-crosslinking site Q398Q398 {lanes 2 and 5), or K406 {lanes 3and 6). (D) Impaired fibrin translocation
to DRM raft fraction of thrombin-stimulated platelets in FXIIfA subunit-deficient mice. ing under condition by anti antibody of DRM raft
fraction {lanes 2 and 4) and nonraft fraction (fanes 1 and 3) in resting platelsts (lanes 1 and 2) and thrombin-stimulated platelets (ianes 3 and 4) of wild-type mice (upper panel)
and FXlIA-deficient mice (lower panel).

o % 60 @i g ®

ontro

Figure 5. Implication of fibrin and myosin translocation to DRM raft fraction in clot retraction. (A) Impairment of clot retraction in type | Glanzmann's thrombasthenia.
Time-dependent clot retraction of Glanzmann's thrombasthenia PRP (circles) and normal PRP (tiangles). PRP was incubated with 1 U/mL. thrombin and 2 mM CaClz. The
extent of clot retraction was assessed at the indicated times by measuring clot area. Photo image of clot retraction assay after 120 minutes: N, normal PRP; G, Glanzmann's
thrombasthenia PRP (inset). (B) inhibition of ciot retraction by fibrinogen y-chain 400-411 dodscapeptide. PRP was incubated with 1 U/mL thrombin, 2 mM CaClp with no
peptids (circles), and 1 mM (squares), 5 mM (triangles), and 15 mM (diamonds) fibrinogen y-chain 400-411 dodecapeptide. Data are presented as means plus or minus SD of
quadruplicates. *Statistically significant difference (P < .01). **Statistically significant difference (P < .05). (C) Inhibitian of clot retraction by cystamine or blebbistatin. PRP
was incubated with 1 U/mL thrombin, 2 mM CaCl, with buffer {circles), 10 mM cystamine {squares), or 100 1:M blebbistatin (triangles). Data are presented as means pius or
minus SD of triplicates. *Statistically significant differance (P < .001). (D) Inhibition of clot retraction by raft disruption by MBCD. Mixture of washed platelets and purified
fibrinogen was incubated with 1U/m thrombin in the presence (circle) and absence (triangle) of 2% MBCD. The photograph was taken after 30 and 60 minutes. (E) Raft
disruption by MBCD inhibits transient increase in degree of tyrosine phosphorytation (a) and ion of myosin light chain at serine residue 18 (b), A mixture of
washed platelets and purified fibrinogen was incubated with 1 U/mL thrombin for 0 minutes (lanes 1 and 4), 5 minutes (ianes 2 and 5), and 60 minutes (fanes 3 and 6) in the

of FXIli er inking activity in fibrin translocation
to DRM raft of thrombin-stimulated platelets

We found that the thrombin receptor-activating peptide (TRAP) did
not cause fibrinogen translocation to the DRM fraction (supple-
mental Figure 5), suggesting that the protease activity of thrombin is
necessary for fibrin translocation to the DRM fraction. To inves-
tigate the possible involvement of FXIII in that fibrin translocation
to DRM fraction, we investigated whether the fibrin translocated to
the DRM fraction is a substrate for FXIIL 5-(Biotinamido) pentyl-
amine (SBAPA)-incorporated proteins induced by transglutaminase
with molecular weights of 65 and 47 kDa are predominantly present
in the DRM of platelets stimulated with thrombin for 15 minutes
(supplemental Figure 6A, lane 4), but not TRAP or collagen. The
5BAPA-incorporated 65-kDa and 47-kDa proteins (supplemental
Figure 6B, lane 3) comigrated with fibrin in the DRM fraction
(supplemental Figure 6B, lane 7), suggesting that they are fibrin
- and y-chains, respectively. Another major SBAPA-incorporated
95-kDa protein was identified as a cytosolic protein (data not shown).
Cell-surface SBAPA incorporation was analyzed by flow cytometry
(supplemental Figure 6C). SBAPA was incorporated to the surface of
thrombin-stimulated human platelets (supplemental Figure 6Cb).

¥ withc a inase inhibitor, just before
thromt imulati letely inhibited the SBAPA incorporation
(supplemental Figure 6Cc) 5BAPA was not incorporated to the sur-
face of TRAP-stimulated human platelets (supplemental Figure 6Cd).

Fibrin y 400-411, the HHLGGAKQAGDV dodecapeptide, inhibited
the SBAPA incorporation to fibrin - and <y-chains in thrombin-
activated platelets (supplemental Figure 6D, lane 3). Confocal imaging
showed that cell-surface SBAPA incorporation to fibrin was colo-
calized with lysenin-positive SM-rich rafts (supplemental Figure 6E).
Furthermore, SBAPA incorporation was impaired in FXTI A subunit-
deficient mouse plaxclets (supplemanml Fxgu.re 6F, lane 2) but not in
tissue transgl ient mouse platelets (.

Figure 6F, lane 3). A substantial amount of FXIII was 1demxﬁad
in the raft fraction of thrombin-stimulated platelets (suppl

Figure 7) but not in resting platelets, suggesting that platelet-derived
FXIH was expressed on the surface. These results suggest that fibrin
is a specific substrate for FXIII in SM-rich rafts on thrombin-stimulated
platelet surface. However, it is a question whether FXTIL is involved in
fibrin translocation to rafts.

Next we ined the effect of ¢ ine on fibrin tr
to DRM fraction of thrombin-stimulated platelets (Figure 4A).
Pretreatment with cystamine just before thrombin stimulation inhib-
ited fibrin translocation to DRM fraction and polymer formation
(Figure 4A, lane 3), binding the fibrinogen *y-chain C-terminal frag-
ment (144-411) fusion protein to DRM fraction (Figure 4B, lane 3).
Furthermore, the fibrinogen +y-chain C-terminal fragment (144-411)
fusion protein mutants of FXMI-crosslinking site Q398Q399 or K406
hardly bound to the DRM (Figure 4C, lanes 2 and 3) but still bound to
the nonraft fraction of thrombin-stimulated platelets (Figure 4C
lanes 5 and 6). Fmally, the thrombin-induced fibrin 1
to DRM fraction was impaired in FXIII A subunit-deficient platelets
(Figure 4D, lane 4). These results suggest that transglutaminase activ-
ity of FXII is required for the fibrin translocation to DRM fraction of
thrombin-stimulated platelets. A precise role of FXII in fibrin trans-
Iocation to rafts remains to be explored.

Involvement of fibrin and myosin translocation to SM-rich rafts
in clot retraction

Clot retraction is mediated by the interaction of the fibrin fiber and
actomyosin via the integrin alIbP3, together with the activation of
the platelet contracnle apparatus Consistent with this idea, lot
retraction was impaired in type I Gl ’s thrombastk

(Figure 5A). Therefore, we investigated the distribution of myosin in
thrombin-stimulated platelets on sucrose density gradient. Thrombin
caused a transient (within 5 minutes) increase in myosin level in the

presence (lanes 4-6) and absence (lanes 1-3) of 2% MBCD. Arrows indicate the tyrasine phosphorylation of 125-kDa and 100-kDa proteins.

DRM fraction (from 3.4% to 26.5%) and a transient decrease in the
nonraft fraction (from 51.0% to 26.8%) (Figure 6A). The increase in
myosin level in the DRM fraction was inhibited by blebbistatin,
a myosin adenosine triphosphatase (ATPase) inhibitor (Figure 6B).
Furthermore, TRAP also caused an increase in myosin in the DRM
fraction (Figure 6C, lane 3). These results suggest that the activation
of thrombin receptors induced the ATPase activity-dependent
translocation of a significant amount of myosin to the DRM raft
fraction.

Next, we confirmed the involvement of fibrin and myosin trans-
Jocation to the DRM fraction in clot retraction. The -y 400-411
dodecapeptide inhibited not only fibrin translocation to the DRM
fraction (supplemental Figure 3B) but also clot retraction in a dose-

A

dependent manner (Figure 5B). Furthermore, cytamine or blebbis-
tatin inhibited not only fibrin (Figure 4A) or myosin (Figure 6B)
translocation to the DRM fraction but also clot retraction (Figure 5C).
These results suggest that the translocation of fibrin and myosin to
SMe-rich rafts is involved in clot retraction. We investigated the effect
of cholesterol depletion with methyl-B-cyclodextin (MBCD) on the
disruption of SM-rich rafts, the tyrosine phosphorylation of cellular
proteins, and the phosphorylation at serine 19 of the myosin light
chain (which increases actin-activated myosin ATPase activity) using
a plasma-free clot retraction system with washed platelets in purified
fibrinogen, Flow cy y d d that both lysenin-positive
SM-rich and BC8-positive cholesterol-rich rafts were prerequisitely
present on resting platelets, that the amounts of both rafts were

BR N R N RN

- Nonafts =<  Rafts

«  Rafts -~ Non-rafts —
Figure 6. Transient tmnslocmlnn of myosin to DRM raft fraction. (A} Ti myosin fraction {lanes 1-6) to DRM raft fraction (lanes
7-12) ion for 0 seconds (lanes 1 and 7), { d 8), 1 minute (i 3and B) 5 minutes (lanes 4and 10), 15 minutes (lanes 5 and 11),
and 60 minutes (iznes § and 12). lmmumbio\hng was performad with a myosin heavy-chain antibody, (B) ATPase-act of myosinto DRM raft fraction.
f DRM raft fraction (iane Ry fraction (iane N) in resti { in-sti inthe ab
(middle panel) or presence (right panet) of 100 M in ATPase nhibitor i R f myosin to DRM raft fraction, immunoblotting with

antimyosin antibody of DRM raft fraction (lanes 1-4) and nonraft fraction (lanes 5-8} in resting platelets (lanes 1 and 5) and p!atele?.s stimulated with 0.2 UW/mL thrombin (lanes 2
and 6), 25 uM TRAP (lanes 3 and 7), and 20 M adenosine 5'-diphasphate (janes 4 and 8) for 3 minutes.
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Lysenin Hyosin

B fiprin

Myosin

Phase

Phase Herge

unchanged with thrombin stimulation (supplemental Figure 9), and
that treatment with MBCD reduced the amount of SM»nch rafts to
28.6%, suggesting that SM-rich rafts are chol
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Figure 7. Immunocytochemical colocalization of myo-

Myosin sin and SertS-phosphorylated myosin light chaln with

i " r fibrin on SM-rich rafts. (A) Localization of SM-rich rafts

{green) and myosin {red). Scale bar, 5 um. (B) Localiza-

tion of fibrin (green) and myosin (red). (C) Localization of

Ser19-phosphorylated MLC {green) and myosin (red).
{D) Integrin B3 (green) and fibrin (red).

Herge

suggesting the selective association of fibrin with a subpopulation of
ollbB3 in SM-rich rafts. In conclusion, we propose that fibrin is
transl d to SM-rich rafts in combination with FXIII and that

(supr 1 Figure 9A). P with MBCD mhlblted clot
retraction (Figure 5D). Thrombin caused a rapid (within S minutes)
tyrosine phosphorylation of the 125-kDa and 100-kDa proteins, and
such phosphorylation returned to the control level at 60 minutes
(Figure 5Ea). A previous study demonstrated a close relationship
between clot retraction and a transient tyrosine phosphorylation.?®
The level of phosphorylation of the myosin light chain (MLC) at
Serl9 was increased by thrombin treatment of 5 minutes, which
returned to control level at 60 minutes (Figure SEb). MBCD in-
hibited the transient phosphorylation of the 125-kDa and 100-kDa
proteins and MLC. These results suggested that SM-rich rafts act
as platforms of fibrin-mediated outside-in signal, leading to clot
retraction.

Colocalization of activated myosin with fibrin in SM-rich rafts of
adhered platelets by thrombin

We investigated the distributions of fibrin, myosin, allb@3, and SM-
rich rafts by immunofluorescence analysis. Myosin was localized
around a central region of spreading platelets (Figure 7A, red). This
is consistent with previous findings of a myosin-containing spherical
structure surrounding a central zone in spreading platelets.?® A
subpopulation of myosin was shown (o colocalize in part with SM-
rich rafts (Figure 7Ad) and fibrin (anure 7Bd) inside the myosm~

ining spherical gly, Ser19-phosphorylated
MLC (activated myosin) was mostly localized in the central region
(Figure 7Ca) and colocalized in part with myosin (Figure 7Cd).
These data suggest that myosin is activated beneath SM-rich rafts
and that activated myosin is colocalized with fibrin, In contrast to
fibrin, integrin B3 was localized evenly on the membrane (Figure 7Da),

platelet SM-rich rafts act as platforms where extracellular fibrin and
the intracellular actomyosin efficiently join via integrin oIIbB3 to
promote clot retraction.

Discussion

In this study, we d d that fibrin translocation in platelet
DRM rafts is a specific event in platelet activation by thrombin.
This is because (1) fibrin translocation did not occur in type 1
Gl ’s thrombasthenic platelets, (2) the fibrinogen y-chain
dodecapeptide (residues 400411) or cystamine significantly inhib-
ited fibrin translocation, (3) the fibrinogen y-chain C-terminal fusion
protein, which has no ability to form fibers, also bound to the DRM of
thrombin-stimulated platelets, and (4) immunocytochemical study
showed the colocalization of fibrin with raft markers. In PALM image,
fibrin and SM-rich rafts were not exactly colocalized (Figure 1C).
W'hen we stamed SM with Dronpa-lysenin and Alexa 647-lysenin

1 , SM-rich domains stained with Dronpa-lysenin and
Alexa 647- labelad lysenin were adjacent to one another, as described
previously.*® Therefore, this result implies that the problem is caused
by the chromatic aberration and suggests that fibrin and SM-rich rafts
are indeed in very close proximity.

Membrane rafts are spatially and functionally heterogenous in
the cell membrane.'*!! In a migrating T cell, a ganglioside GM3-
rich raft containing a chemokine receptor is present at the leading
edge, whereas a GM1-rich raft containing integrin (1 is present at
the uropod.®! In Jurkat T cells, SM-rich rafts are spatially distinct
from GM1-tich rafts.** SMS1 deficiency impairs T-cell receptor

BLOOD, 7 NOVEMBER 2018 « VOLUME 122, NUMBER 19

signaling through the dysfunction of membrane rafts®* and the raft-
dependent apoptosis of lymphoma, 2’ SMS2 deficiency impairs
receptor clustering to membrane rafts.?% SM.-rich rafts are required
for cytokinesis.** In this study, we demonstrated that SM-rich rafts
were colocalized with fibrin in the central region of adhered platelets
by thrombin. SMS1- and SMS2-deficient platelets exhibit a reduced
fraction of SM-rich rafts and delayed fibrin clot retraction, sug-
gesting that SM-rich rafts are involved in clot retraction.

What is the mechanism of SM-rich raft-mediated clot retraction?
The retraction results from the actomyosin contraction of a platelet
pseudopod attached to a fibtin strand.** The thrombin-induced
phosphorylation of tyrosines 747 and 759 in an integrin 3 results in
the linkage of integrin aIbB3 to myosin to mediate the transmission
of force to the fibrin clot during clot retraction.** Activated aIIbB3
connects with actin through talin and vinculin. In this study, we
demonstrated the translocation of fibrin and myosin to the platelet
DRM raft fraction and the microscopic colocalization of fibrin and
myosin with SM-rich rafts in thrombin-stimulated platelets. We
observed that the fibrinogen +y-chain 400-411 dodecapeptide and
blebbistatin inhibited not only the fibrin and myosin translocation to
the DRM fraction, respectively, but also clot retraction. Furthermore,
we also demonstrated that aTbB3 is required for fibrin translocation to
the DRM raft fraction and that oIIbB3 (Figure 3B, arrowhead, and
supplemental Figure 4) and actin (Figure 3A, 40 kDa protein, and
Figure 3B, asterisk) are partially present in the platelet DRM raft
fraction. These observations suggest that platelet SM-rich rafts, re-
stricted areas on the platelet membrane, act as platforms where extra-
cellular fibrin and the intracellular actomyosin system efficiently join via
olIbB3 for clot retraction. To support this idea, a previous study
demonstrated that DRM rafts specifically associate with the actin cyto-
skeleton upon platelet activation in an oIlbB3-dependent manner.”®

Clot retraction is regulated through multiple signaling pathways.
Thrombin receptors, coupled to Gq and G13 heterotrimeric G pro-
teins, can regulate clot retraction through the activation of phos-
pholipase C (PLC)B and Rho kinase, which activates MLC kinase
and inhibits MLC phosphatase, respectively,“ Integrin oflbf3
outside-in signal is also required for optimal clot ion. The
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We have considerable evidence to support that EXIII is required
for the fibrin translocation to SM-rich rafts, leading to clot retraction:
(i) cystamine inhibited the SBAPA incorporation to fibrin, trans-
location of fibrin, and the fibrinogen «y-chain C-terminal (144-411)
fusion protein to membrane rafts and clot retraction; (i) the fib-
rinogen ‘y-chain C-terminal (144-411) fusion protein translocated to
platelet rafts on thrombin activation, but its mutant that was replaced
by A398A399 at EXIlI-crosslinking sites (Q398Q399) was inhi-
bited; and finally (jii) fibrin translocation to membrane rafts and clot
retraction were impaired in FXII-A-subunit-deficient mouse platelets.'®
Furthermore, we found that batroxobin, a thrombin-like enzyme
(0,25 wg/mL), caused fibrin clot formation but not clot retraction
(data not shown). FXIII is activated by the cleavage of FXIIIA with
thrombin but not batroxobin. Therefore, this result supports that
transglutaminase activity of FXTI is required for clot retraction.

In summary, our results suggest that translocation of fibrin and
myosin into platelet SM-rich rafts via integrin aIlbB3 is an impor-
tant process for clot retraction signaling. We propose a working
hypothesis that the FXII-dependent fibrin-oIlbB3-myosin axis in
platelet SM-rich rafts is required for efficient clot retraction,
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engagement of allbB3 is known to activate the c-src and tyrosine
phosphorylation of PLCy2.* The sre-dependent activation of PLCy2
induces calcium mobilization, MLC kinase activation, MLC phos-
phorylation, and actomyosin contraction, The src-dependent actomy-
osin ion mediates clot 3 During clot retraction, the
level of tyrosine phosphorylation of the 125-kDa and 100-kDa pro-
teins increased to its peak after 5 minutes and returned to its control
level after 60 minutes, in parallel to retraction.”® Thus, clot retraction
is associated with a transient tyrosine phosphorylation. In this study,
MBCD treatment reduced the fraction of SM-rich rafts and inhibited
the transient increase in the tyrosine phosphorylation of the 125-kDa
and 100-kDa proteins and the transient phosphorylation of MLC at
Ser 19. Immunofluorescence study showed the colocalization of Ser19-
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638 Case report

Severe inhibitor-negative acquired factor Xlil/13 deficiency
with aggressive subdural haemorrhage

Hiroki Kawano®, Daisuke Yamamoto®, Yoshito Uchihashi®,

Kanako Wakahashi?, Yuko Kawano?, Akiko Sada® Kentaro Minagawa®,
Yoshio Katayama®, Eiji KohmuraP, Masayoshi Souri® and Akitada Ichinose®

Acquired factor Xill (FXIlI) deficiency is a common disease
and seldom causes bleeding. However, severe FXIII
deficiency may result in life-threatening bleeding. Although
the inhibitor against FXIII has recently been focused as the
cause of haemorrhagic acquired FXIl deficiency, the
pathophysiology of inhibitor-negative cases could aiso be
involved. We report a case of an 85-year-old Japanese man
with serious subdural haemorrhage showing a remarkable
decreased level of FXIll activity. He also d

acquired inhibit gative FXill defici in cases of

ined ive bleeding. Blood Coagul Fibrinolysis
24:638-641 © 2013 Wolters Kluwer Health | Lippincott
Williams & Wilkins.

Blood Coagulation and Fibrinolysls 2013, 24:638-641

lications of comp rated i
coagulation (DIC) with chronic renal failure, abdominal
aortic aneurysm (AAA) and right renal carcinoma. Despite
the successful evacuation of the haemorrhage, acute
hage sub tly developed that
d further i lies. Plasma cross-mixing
studies and dot blot assay revealed no inhibitors against
FXIH. We speculated that the decreased FXIII activity could
be mainly due to hyperconsumption by DIC and surgery.
Because plasma-derived FXIli concentrates are available to
stop bleeding, clinicians should be aware of severe

helural b

Introduction

Factor XIII (FXIII) is a tetrameric zymogen (FXHI-A2B2),
which is converted into an active transglutaminase,
FXIlIa, by thrombin and Ca®* in the terminal coagu-
lation cascade. FXIIIa is responsible for fibrin stabiliz-
ation by forming fibrin y-chain dimers and cross-linking
its a-chains into high-molecular weight polymers [1].
The significant decrease in FXIII levels could result in
severe bleeding caused by defective fibrin stabilization.
‘The normal range of plasma FXIII levels is generally
70-130%. Thus, FXIII deficiency (<70%) is classified
into congenital and acquired types. The acquired
FXIII deficiency is usually caused by hyposynthesis
andfor hyperconsumption from underlying diseases,
such as leukemia, myelodysplastic syndrome, liver
dysfunction, disscminated intravascular coagulation
(DIC), major surgery and chronic inflammatory bowel
diseases [2]. However, a remarkable decrease in the
level of FXIII activity that leads to severe lethal
haemorrhage has rarely been reported in this acquired
type of deficiency except for patients with auto-
antibodies against FXIII [2).

We experienced a case of a patient with severe subdural
haemorrhage and remarkably decreased FXIII activity
without inhibitors. Our case has raised the possibility that
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acquired inhibitor-negative FXIII deficiency could result
in life-threatening hacmorrhage when several compli-
cations, such as DIC and uremia, were concurrent.

Case report

An 85-year-old Japanese man with chronic subdural
haematoma was referred to our hospital. His medical
history was pertinent for chronic renal failure, abdominal
aortic aneurysm and right renal carcinoma but with
no prior history of bleeding or familial bleeding.
Despite a successful evacuation of the subdural haema-
toma, he subsequently experienced an acute subdural
haemorrhage with midline shift on cranial computed
tomography (CT) images that necessitated further
surgical drainage (Fig. 1). Although several blood trans-
fusions (16 units of fresh frozen plasma and 20 units of
platelet concentrate) were given during the perioperative
period, the subdural haemorrhage was uncontrolled,
and oral haematoma and generalized purpura were
observed. Blood tests showed moderate anaemia (Hb
8.4 g/dl), mild thrombocytopenia (Plt 9.6 x 16*/ul), and
normal prothrombin time (PT) and activated partial
thromboplastin time (APTT). Furthermore, normal
fibrinogen (247 mg/dl) and high levels of fibrin/fibrinogen
degradation product (FDP) and D-dimer (33.8 and

DON10.1097/MBC.0b0 13e32835facef

Fig. 1

Inhibitor i quired factor XIil y Kawano et al. 639

Drainage ope
CSH Rebleeding

rec VY

1 v" {1 100
g [FFP RERURL ﬁ} %
5 10 LPC ¥ Pit
< e ag) | ]
A \%w.».,,.m.,,ﬁgw ot 2
g L \ il 20% 8003
S 6 % g
- 50
Q ‘l’ g
T D-dime 03
4 \ bl gy
- -30 A
2 2
L 10
0 0
Day 1 9 3 4 5 [3 7 8

Clinical course of the patient during three craniotomies for the evacuation of subdural haemorrhage. The triangle indicates red cell concentrate
(RCC; 4 units) or platelet concentrate (PC; 10 units). Small arrow indicates fresh frozen plasma transfusion (FFP; 4 units). Hb, haemoglobin; Plt,

platelet.

28.0 pg/ml, respectively) implied compensated DIC.
Other coagulation studies were as follows: AT activity
101% (80-120), thrombin~antithrombin complex (TAT)
69.9ng/ml (<3), plasmin—plasmin inhibitor complex
(PIC) 3.7pg/ml (<0.8), total plasminogen activator
inhibitor-1 (PAI-1) 63 ng/ml (<50), BUN 84 mg/dl, serum
creatinine 8.24 mg/dl and triglyceride 113 mg/dl. Platelet
function test using traditional turbidimetric platelet
aggregometry tevealed decreased collagen-induced
(1.0 pg/ml) maximal aggregation (51%), whereas ristce-
tin-induced (1.2mg/ml) and ADP-induced (2.0 pmol/l)
maximal aggregations were within normal limits at 89 and
65%, respectively. Moreover, on the 14th hospital day,
we found drastically reduced levels of FXIII activity
(measured by ammonia release assay) and antigen
(10 and 20%, respectively) in his plasma, and the levels
of plasma and serum «2-plasmin inhibitor (a2-PI) were
106% (85~115%) and 123%, respectively. A fibrin cross-
linking test by SDS-PAGE showed impaired formation
of y-dimer and a-polymer (Fig. 2). Plasma cross-mixing
studies through incubation of patient plasma and normal
control revealed that control plasma corrected the
patient’s decreased FXIII activity (Fig. 3a) [2,3]. A dot
blot assay did not detect any immunoglobulins that bind
to recombinant FXIII (Fig. 3b). Although the coagulation
tests, such as PT and APTT, were within normal limits,
and the high levels of D-dimer and FDP improved after
the surgeries without anticoagulant therapy, the activity
of FXHI remained decreased (day 5 20% and day 14 11%)
(Fig. 1). Unfortunately, the patient succumbed to aspira-
tion pneumonia before FXIIT replacement therapy.

Discussion

This report presents a casc of severe subdural haemor-
thage with a significant decrease in FXIII activity,
although inhibitors against FXIII were not detected.
FXIII deficiency has been known to develop into critical
haemorrhages, especially spontaneous intracranial bleeds

Fig. 2

Patient Control

Fibrin cross-linking test. A fibrin cross-linking study was performed by
the addition of 1 unit/ml thrombin and  mmol/l CaCl, into the patient's
plasma and normal contro! plasma. The clots were recovered at the
indicated time intervals and subjected to SDS-PAGE. The results of
the fibrin cross-linking study showed only slight retardation of both
y-dimerization {y-y) and a-polymerization (ctpoy) ions in the
patient’s plasma,
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of 0:1,1:3, 1:1,3:1 and 1:0 with normal plasma. The mixed samples containing the patient's plasma and normal plasma clearly showed a
‘deficient’ pattern, because there was no downward deviation in all of the diluted samples (a). A dot blot assay was performed using rFXIlI-A, (FXHI-B
and their complexes at the indicated amounts shown as antigen (ng). The results showed the absence of anti-FXIll antibodies in the patient’s plasma
{b). The positive controls stand for AH13 patients’ plasmas identified previously [2,3].

[4]. Moreover, a previous report has implied the
association of FXIII deficiency and spontaneous chronic
subdural haematoma [5]. In our case, no prior episode
of trauma was noted; therefore, we speculated that an
asymptomatic acquired FXIIT deficiency could develop
chronic subdural haematomas.

The a2-PLis cross-linked to fibrin by activated FXIII and
has been known to play a significant role in the inhibition
of spontancous fibrinolysis [6]. The difference in a2-PI
levels between plasma and serum (plasma-serum a2-PI)
ex vivo has been proposed as the indicator of reduced
FXIII activity iz vive [3]. In our case, the value of plasma
serum a2-PI was significantly reduced (4.2%), which was
consistent with the degree of FXIII activity. A fibrin
cross-linking test also showed the decreased pattern of
the FXIII-A function in the formation of a stable clot.
Together with the result of the dot blot assay that
detected no inhibitors against FXIII, we confirmed
that our case showed an acquired inhibitor-negative
FXIII deficiency. Typically, in a FXII-deficient patient,
the results of standard laboratory clotting tests, including
the values of PT, APTT, fibrinogen, platelet count and
bleeding time, are all normal. However, in our case, the
diagnosis was challenging because some abnormalities
were observed in the laboratory examinations, includ-
ing mild thrombocytopenia and elevated fibrinolytic
markers, such as D-dimer and FDP. We have evaluated
that our patient had complications of nonovert DIC due
to the comorbidities of AAA and renal tumour according
to the DIC scoring criteria by the International Society on
Thrombosis and Haemostasis (ISTH) {7].

The transient elevation of the levels of fibrinolytic
markers, such as FDP and D-dimer, was observed after

Copyright © Lippincoit Williams & Wilkins. Unauthorized reproduction of this ariicle is prohibited.

craniotomy, which indicated a possible exacerbation
of DIC as a result of the entry of thromboplastin into
the systemic circulation by operative manipulation [8].
DIC has been known to cause mild to moderate reduction
of the level of FXIII from overconsumption and was
proposed as the useful marker in the diagnosis of DIC
19]. However, the importance of its clinical involvement
in haemorrhage has not been fully evaluated. A previous
report has shown that FXIII level was also decreased in
patients with renal failure from glomerular damage with
unknown mechanisms [10]. Thus, acquired inhibitor-
negative FXII deficiency can lead to severe bleeding
if several disorders that reduce the levels of FXIII occur
as comorbidities, We speculate three reasons for uncon-
trolled subdural haemorrhage in our case despite several
transfusions of FFP and platelet concentrate. Firstly, the
overconsumption of FXIII was attributed to exacerbation
of DIC during the perioperative period. Secondly, FXIIT
was lost by perioperative bleeding (total of 1345 ml).
Thirdly, the amount of FXIII in FFP might not be
enough to replenish the deficiency [11].

Because acquired secondary FXIII deficiency often
occurs concomitantly with several diseases that seldom
manifest with severe bleeding, it is often overlooked.
It is imperative to assess the FXIII level in a case
of spontaneous intracranial haemorrhage with several
complications, especially in the preoperative period in
order to prevent an uncontrolled critical haemorrhage by
giving FXIII concentrates.
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Introduction

Coagulation factor X111 (FXII) is a fibrin-stabilising factor, and is
a heterotetramer consisting of two catalytic A subunits (FXIII-A)
and two non-catalytic carrier B subunits (FXHI-B) (1-3).

Congenital FXIII deficiency causes a life-long severe bleeding
tendency, abnormal wound healing, and recurrent miscarriages. It
is a rare haemorrhagic disorder, and more than 500 cases of con-
genital FXIII deficiency have been identified throughout the
world. In most of the reported cases, the congenital FXHI deficien-
cy was caused by defects in the FI3A gene (1, 4) (http: //www.
f13-database.de).

Only a few cases of congenital EXIII-B deficiency, caused by
founder-effect mutations, have previously been identified in Japan
and Italy (5-8). FXII-B deficiency may be overlooked by phys-
icians because of the mild bleeding symptoms of this condition (9).
A homozygote with congenital FXIII-B deficiency has recently
been reported from Germany (10). In an extensive literature sur-
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vey, we found another reported case of severe FXIII-B deficiency
in the USA (11).

During a recent Japanese nationwide survey on “acquired hae-
mophilia-like disease {or haemorrhaphilia) due to anti-FXIII auto-
antibodies (AF13) (12, 13), we newly diagnosed severe congenital
FXIII-B deficiency (designated as FXIII-B Kurashiki) in a Japanese
man, who developed alloantibodies, for the first time, against
FXIII-B likely resulting from therapeutic EXIII infusion. More-
over, he was a homozygote for the Japanese founder-effect mu-
tation (5, 6).

Patient, materials and methods
Patient

In Oct. 2009, a 73-year-old Japanese man with thrombocytopenia
and purpura presented at our hospital (& Figure 1), Fifteen years
ago, he had undergone y-interferon therapy for hepatitis C infec-
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tion. The patient and his family did not have any history of bleed-
ing tendency. At the age of 16 years, he had undergone left thoracic
plastic surgery for pulmonary tuberculosis without any excessive
bleeding. He started to experience repeated episodes of gingival
bleedings at the age of 73 years, and he was tentatively diagnosed
as immune thrombocytopenic purpura (ITP), because he showed
purpura on the right hand, decreased platelet count (3.7 x 10%4),
increased immature platelet fraction (IPE, 19.8%), and increased
levels of platelet-associated Immunoglobulin G (PAIgG; 146
ng/107 cells) in October 2009. Since then, he had been receiving
treatment with prednisolone. When he started to manifest “de-
Iayed bleedings” after dental operations, he was administered an
antifibrinolytic drug (tranexamic acid). The results of the coagu-
lation tests were within normal ranges, except for the EXTII activity
and antigen levels (measured by a commercial laboratory, unless
stated specifically) that were 12% and 9% of the normal, respect-
ively, in December 2009 (b»Table 1, left column). Therefore, the
amount of FXIII was moderately reduced but its antigen and activ-
ity levels were proportional (12/9=1.33; normal specific activity),
suggesting the absence of FXIII inhibitor. His FXIII activity re-
mained as low as 5-10% for more than six months (b Figure 1),
He then manifested gingival bleeding and leg purpura, and was in-
fused with plasma-derived FXIII concentrates (FXII Conc,; Lyo-
philised Human Blood Coagulation Factor XIII Concentrate, Fi-
brogammin P LV. Injection, CSL Behring K.K,, Tokyo, Japan) at
960 units (4 vials)/53 kg/day twice for haemostasis because of the

persistent moderate FXIII deficiency. Since the bleeding symptom
was observed to be abnormally severe than that expected to result
from his decreased platelet count alone, his plasma and serum
samples were extensively examined in January and February 2011
during our nationwide survey on AH13 (3> Table 1, right column).
Inaddition to thrombocytopenia, the patient developed anemia
(Hb 9.9 g/dl) in June 2011, and 19 months after the first visit to our
hospital, cytological examination of his bone-marrow aspirate in-
dicated the myelodysplastic syndrome (REAB-1). The patient de-
veloped a spontaneous intramuscular haematoma in his right
thigh, and he received EXIII Conc. at 24-hour (h) intervals for five
days (B-Figure 1). He experienced repeated bleeding symptoms
such as gingival bleeding and haemorrhoidal bleeding more fre-
quently, and was transfused with FXIII Conc. for four days along
with 10 units of platelet concentrates for both the bleeding events.
Although his bleeding episodes were treated using appropriate
amounts of EXIII Conc. (960 U/53.3 kg body weight [BW] = 13.0
Ulkg), his plasma FXIII activities were as low as 7-9% 24 b after
previous infusions and just before next infusions (8, 7, and 9%
during the second, third and fourth bleeding episodes, respect-
ively), and remained at the levels observed in the asymptomatic/
non-bleeding periods (5-12%). Fortunately, until December 2012
(the time of submission of this manuscript) he was not clinically
‘refractory’ to FXIII replacement therapy, because his bleeding
symptoms have been well controlled by infusing FXIIT Conc,
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Hday) 3 ﬂ 3 $ u (1200 Uday)
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Materials

Recombinant FXIII-A (rFXUI-A) was a kind gift from Dr. P
Bishop of Zymogenetics (Seattle, WA, USA). Recombinant
FXII-B (rFXIII-B) was expressed by baculovirus expression sys-
tem and purified as previously described (14). Purified human
plasma FXIII (A;B, tetramer) was a generous gift from Dr. H.
Kaetsu of Chaemo-Sero-Therapeutic Research Institute (Kuma-
moto, Japan), An anti-FXIII-A monoclonal antibody was gener-
ously provided by Dr. G. Reed of Massachusetts General Hospital
(Harvard Medical School, Boston, MA, USA). A rabbit anti-
FXIII-A polyclonal antibody was generated in-house and affinity-
purified using a rFXIH-A-coupled column. An ant-FXII-B
antiserum was purchased from Nordic Immunological Labora-
tories (AX Eindhoven, The Netherlands), and its IgG was purified
using Protein A-Sepharose (GE Healthcare Bioscience AB, Uppsa-
la, Sweden) and biotinylated using ECL Protein Biotinylation
Modute (GE Healthcare, Waukesha, W1, USA). A tetramethylben-
zidine (TMB) peroxidase substrate kit was purchased from Bio-
Rad Laboratories (Hercules, CA, USA). Bovine thrombin, bovine
serum albumin, N,N-dimethylcasein and monodansylcadaverine
were purchased from Sigma-Aldrich (St. Louis, MO, USA). FXIII-
deficient plasma was obtained from George King Bio-Medical
(Overtand Park, KS, USA).

Methods

This study was approved by the Institutional Review Board of the
Yamagata University School of Medicine. All procedures were con-
ducted in accordance with the Declaration of Helsinki, Informed
consent was obtained from all individuals including the present
case and his family members.

Whole blood of the patients was collected into tubes containing
1/10 volume of 3.8% sodium citrate. Serum was separately pre-
pared by using 4 tube containing glass microparticles to enhance
coagulation. Plasma and serum samples were quick-frozen and
sent to a commercial Jaboratory (SRL Ltd., Hachioji, Japan) for
analysis of the plasma FXIII activity (measured by an ammonia re-
lease assay using a Berichrom FXIII kit of Siemens/Sysmex, Kobe,
Japan; reference range, 70-140%) and FXII antigen (measured by
a latex agglutination assay using an NS auto FXIII type K kit of
KAINOS Lab. Inc., Tokyo, Japan, with a rabbit anti-human FXII
{A;B,] polyclonal antibody; reference range, 70-140%) as well as
the plasma and serum levels of a,-plasmin inhibitor (a,-PI), etc.
(15). The amount of plasma minus serum a,-PI and the ratio of
plasma minus serum ,-P1 were calculated by previously described
methods (13).

Cases of suspected AH13 were further examined for the pres-
ence of FXIII inhibitors in detail at our hands in the Yamagata
University, as described below.

Amine-incorporation assay

According to the Lorand’s method (16), 10 pl of plasma was incu-
bated with 1 U bovine thrombin, 5 mM CaCl,, 20 mM Tris-HCl

© Schattauer 2013

Table 1: Coagulation tests.

(ptl 7.5), 0.2% N,N-dimethylcasein, 2 mM monodansylcadaver-
ine, and 2 mM dithiothreitol in a 0.1 ml mixture at 37°C for 60
minutes (min). The reaction was terminated by adding 0.1 ral of
10% trichloroacetic acid. The precipitate was collected by centrifu-
gation, washed three times with 0.5 ml of ethanol-diethyl ether
mixture (1: 1), and dissolved in 0.3 ml of 8 M urea, 1% sodium
dodecyl sulfate {(SDS) and 50 mM Tris-HC] (pH 8.0), which was
abbreviated as UST buffer. The fluorescent intensity of emission at
520 nm with excitation at 360 nm was measured.

Fibrin cross-linking test

Ten microliters of plasma was mixed with 5 mM CaCl, and 0.2 U
bovine thrombin in a final volume of 20 i, and incubated for the
indicated time intervals. The reaction was terminated by adding
0.1 ml of 50 mM EDTA, The generated clot was collected by cen-
trifugation at 10,000 g for 5 min, washed twice with 1 ml of 20 mM
Tris-HCl (pH 7.5), 150 mM NaCl (TBS), and dissolved in 40 pl of
UST buffer, and then boiled with 40 wl of 2% SDS, 0.125 M Tris-
HCI (pH 6.8), 15% glycerol, 5% f-mercaptoethanol, and 0.02%
bromphenol blue (SDS-reducing buffer). A 10 yd sample was ap-
plied to SDS (0.1%)-polyacrylamide (10%) gel electrophoresis
(PAGE) and proteins were stained with Coomassie brilliant blue
R-250.

Western blotting

Plasma (1: 25, 1: 50, 1: 100 and 1: 200-dilutions with TBS) was
boiled with 1% SDS, 50 mM Tris-HCI (pH 6.8}, 7.5% glycerol, and
0.01% bromphenol blue in the presence (for FXIII-A) or absence
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(for FXIIL-B) of 2,5% B-mercaptoethanol, and then applied to
SDS-PAGE. Proteins were transferred to a nitrocellulose mem-
brane. The membrane was blocked, and then reacted with an af-
finity-purified rabbit anti-human FXIHI-A or anti-human EXIII-B
antibody, FXII1 antigens were detected using a horseradish perox-
idase (HRP)-conjugated anti-rabbit IgG and a chemi-luminescent
substrate.

Enzyme-linked inmunosorbent assay (ELISA)

An anti-human FXIII-A monoclonal antibody was coated in a
microtitre plate for the measurement of FXIII-A and A)B, com-
plex, while anti-FXII-B IgG was immobilised for measurement of
FXIII-B. Plasma samples diluted 1/2,000 with TBS containing 2%
bovine serum albumin were applied and incubated for 2 h at room
temperature, After washing, for the determination of FXIII-A and
A,B; complex, an anti-human EXIII-A polyclonal antibody and an
anti-human FXIII-B antiserusm, respectively, were added and incu-
bated for 60 min. After washing, HRP-conjugated anti-rabbit IgG
was added and incubated for 60 min.

For the determination of FXIII-B, biotin-conjugated rabbit
anti-human FXIIT-B IgG was added and incubated for 60 min.
After washing, HRP-conjugated streptavidin was added and incu-
bated for 60 min. After final washing, TMB was added, and the
reaction was stopped after 10 min by adding 0.5 M H,SO,. Ab-
sorbance at 450 nim was recorded by a microtitre plate reader Bio-
lumin 960 (Molecular Dynamics, San Diego, CA, USA) and com-
pared fo standard curves, using purified FXIII-A, A,B, complex,
or FXTI-B.

Five-step cross-mixing test

In cross-mixing test, patient’s plasma and normal control plasma
were mixed at ratio of 0: 1, 1:3,1: 1, 3: 1, and 1: 0 and incubated at
37°C for 2 h, before amine-incorporation assay.

Dot blot assay

Fifty and 100 ng of either rFXIII-A or rFXIII-B, or 100 and 200 ng
of rFXII complex (A,B, tetramer) were blotted onto a nitrocellu-
lose membrane, and reacted with the patient’s plasma at a dilution
of 1: 2,000. Immunoglobulin bound to either one of these FXIII
antigens was detected using peroxidase-conjugated anti-human
immunoglobulins (G+M+A, MP Biomedicals, Solon, OH, USA)
and a chemiluminescent substrate (GE Healthcare).

Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) analysis

A Japanese founder-effect mutation of the F13B gene, a deletion of
adenosing {ag-(-)g] or IVS1-2delA at the boundary of intron
Alexon 11, resulting in a Joss of the obligatory AG splicing se-
quence, was detected as described previously (5, 6). PCR was car-
ried out using a pair of gene-specific primers for intron Afexon 11,
5-TGCAGACGGGATATTGGCAAGCT-3 & 5-TCCATG-
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TGTTCTCTTTCTTACCGAAG-3. An amplified product of 500
bp was treated with 5 U of Tagl endonuclease (Toyobo, Tokyo,
Japan) at 65°C for 90 min, then the sample was applied to a 2%
agarose gel.

Resulis and discussion
Diagnosis of FXIHI-B deficiency

Through our recent nationwide survey on the incidence of AH13
(12, 13), we identified a new case of severe FXIII-B deficiency.
Since the results of all the coagulation tests were within normal
ranges for this elderly Japanese male patient, various minute ex-
aminations related to FXIIT were carried out. Patient’s plasma had
a moderately jow level of FXIII activity; 10% of the normal by a
commercial ammonia release assay (> Table 1, middle column).
The difference between «,-PI activities in patient’s plasma and
serum (defined as XL-0,-PI) was also observed to decrease by a
commercial assay, suggesting a reduced FXII activity against its
physiological substrates as well (13). In the patient’s plasma ob-
tained about one month after the commercial tests, his FXIII activ-
ity was 5% of the normal by our amine-incorporation assay. Re-
sults of our fibrin cross-linking test showed delayed y-dimeri-
sation as well as delayed a-polymerisation (B> Figure 2A). In addi-
tion, no band of the FXIII-B protein was detected in our western
blot analysis (B> Figure 2B), which is consistent with the findings
of our ELISA (<2% of the normal; ¥ Table 1, right column). These
results clearly indicated the complete absence of FXIII-B antigen
in the patient’s plasma. He was diagnosed as congenital FXIII-B
deficiency; as described later.

FXIII-A antigen was also barely detected by our western blot-
ting analysis (B-Figure 2B) and <2% of the normal by our ELISA
(- Table 1, right column), indicating a secondary deficiency of
FXHI-A due to the lack of protection by FXIII-B. In fact, FXIII-B
prevents the rapid clearance of FXIII-A from the circulation in hu-
mans (11, 17) and mice (18).

Detection of anti-FXIiI-B alloantibodies

Among our screening tests for detection of AH13 cases (13, 15),2
cross-mixing test (1: 1) performed using the patient’s plasma and
normal control plasma with the commercial ammonia release
assay showed moderate inhibition, because the resulting FXIH ac-
tivity was 34% whereas the theoretical value was 69%
[(10+128=138)/2] (>Table 1, middle column). Moreover, his
FXIII antigen level (45% by a commercial test) was 4.5 times
higher than its activity (10%), suggesting the presence of inacti-
vated or inhibited FXIII molecules (10/45=0.22; low specific activ-
ity). After about one month, our five-step dilution cross-mixing
test performed using our amine-incorporation assay showed a
straight “deficiency” pattern at large (B> Figure 2C), which indi-
cated a negative result for anti-FXIII inhibitor. However, our dot
blot assays performed using rFXIII-A, rFXII-B, and their complex
clearly demonstrated the presence of anti-FXIII-B antibodies
(b-Figure 21). The reason for the discrepancy between the result
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cross-linking study was performed by adding 1 unit/mi thrombin and 5 m
Cadl, into the patient’s plasma and normal control plasma. The clots were re-
covered at the mdxcated time intervals and subjected to SDS-PAGE analysis.
Delay in both y isation and a-poly reactions were clearly
shown {(A). Our western blotting analysrs was carried out using rabbit poly-
clonal anti-FXHI-A and FXII-B antibodies. The results showed absence of
EXilI-B protein and only a trace amount of FXHll-A protein when difuted pa-
tient's plasma was analysed (dilution: 1/25 to 1/200; from right to feft; B).

of a commercial ammonia release assay and that of our amine-in-
corporation assay (about one month later) is unknown. It is possi-
ble that the majority of his anti-EXIII antibodies in January 2011
might be directed against A;B, tetramer, leading to inhibition of
EXII activation/activity.

It is highly likely that the anti-FXIII-B antibodies were caused
by therapeutic infusion of plasma-derived FXIII Conc. containing
exogenous FXIII-B as A,B, tetramer. The patient had been treated
with prednisolone for suspected I'TP. During the first period of the
FXIII replacement therapy, the dose of prednisolone (7.5 mg/day)
may not have been high enough to prevent the generation of al-
loantibodies against exogenous FXIII-B. As predicted, the patient’s
plasma clearly showed a drastic increase in anti-FXIII-B anti-
bodies after three additional courses of the infusion with FXIII
Conc. (P> Figure 3A and B).

It is important to note that his anti-FXIII-B alloantibodies
reacted with rEXIII (A,B, tetramer) as well as rEXIII-B alone. His
anti-EXI1I-B antibodies also reacted with human plasma EXIII
(A,B, tetramer), as shown in b>Figure 3C.

© Schattauer 2013

was performed using the patient’s plasma at ratio of 0:1, 1 3, 111, 3:1, and
1:0 with normal plasma. Mixed samples between patient's plasma and nor-
mal plasma showed a deficiency pattern (C). Our dot blot assay was carried
out using rfXIi-A, rFXill-B and their complex at the indicated amounts
shown as Antigen (ng) (D). The patient’s plasma reacted with rEXiil-B as well
as tFXIHi complex (A;B, tetramer), indicating the presence of anti-FX!ii-B anti-
bodies. The positive control stands for an AH13 patient's plasma identified
previously (12).

The increase in anti-FXIII-B alloantibodies was confirmed by
ELISA when FXIII Conc. was administered to the patient for ar-
resting low gastrointestinal (GI) bleeding in July 2012 (b Figure
3D), although the antibodies had been reduced beforehand prob-
ably by the immunosuppressive treatment with cyclosporine A
(CsA) (b Figure 1).

As of March 2012, only 11 cases (7 females and 4 males) of se-
vere congenital FXIII-B deficiency have been identified on the
basis of the absence of the FXIII-B antigen and the presence of de-
fects in the FI3B gene (9). Although seven cases with congenital
FXIII-A deficiency were reported to have developed anti-FXIII-A
alloantibodies (16, 19-25), no FXIII-B-deficient case with anti-
EXIII-B alloantibodies has been described to date, to the best of
our knowledge. Therefore, this is the first case of congenital
FXIII-B deficiency in which the patient developed alloantibodies
against exogenous FXIII-B.
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‘FXlit-resistance’ to FXIII substitution by anti-FXill-B
alloantibodies

It is reported that a case with “acquired” FXII-B deficiency due to
anti-FXII-B “autoantibodies” manifested severe bleeding symp-
toms (26). The presence of anti-FXIII-B ‘alloantibodies’ may also
have clinical implications on the patient condition at least to some
extent, every time when he undergoes FXIII replacement therapy.
When the patient was infased with EXIHI Con. for arresting the
bleeding, the antibodies may have bound to the exogenous FXIII
and the resultant antigen-antibody complexes may have been
rapidly removed from the circulation. This assumption was con-
sistent with the fact that his FXII1 activity increased only by 2-4%
from the lowest basal level of 5%, even though the estimated in-
crease in the activity after the infusion of FXIII Conc. was about
35% [960x2 U/53kg BW]. The patients plasma FXIII activities re-
mained at 7-9% 24 h after previous FXII Conc. infusions. This
state is, as it were, pharmacologically ‘FXIIl-resistance.

To test this assumption further, we measured FXTII activity im-
mediately after infusion of FXIII Conc. and estimated its half-life
in the patient when he manifested GI bleeding in July 2012 (& Fig-
ure 4A). The increase in FXII activity was only partial (10%
measured vs. 1,200x2 U/50 kg BW = 48% calculated). Since the pa-
tient’s FXIII activity returned to his baseline level after 12 b, the
half-Jife was roughly estimated to be about 3 h. The half-life for the
same plasma-derived FXIII Conc. (Fibrogammin P*) was reported
as about 9 h in a Hispanic congenital EXII-B deficient case (11),
while it was 17 h in the Hungarian case with ‘acquired’ FXIII-B
deficiency due to anti-FXI1I-B autoantibodies (26). Thus, the ex-

tremely short half-life of the present case was very likely due to a
combination of the complete absence of FXIII-B and the presence
of anti-FXII1-B alloantibodies. The preceding infusion of FXIII
concentrates may have boosted the production of anti-FXUI-B al-
loantibodies again, because essentially no increase in FXIIT activity
was observed after next infusion of 1,200 U FXIII Conc. for his
gingival bleeding after three months (B Figure 4B).

The exogenous FXIIT may have functioned transiently and/or
locally at the sites of bleeding even though his systemic FXIII level
was not confirmed to increase significantly. The alloantibodies
against FXIII-B should be eradicated by immunosuppressive ther-
apy (15) to improve his pharmacological FXIl-resistant state, if he
continues to experience severe bleeding episodes, which may fin-
ally become clinically refractory to FXTII replacement therapy. Be-
cause he had already been treated with cyclosporine A since April
2012, other regimens such as cyclophosphamide and rituximab, as
used for autoimmune FXIII deficiency (26), may be more success-
ful in the eradication therapy. In addition, replacement therapy
using a commercial recombinant FXIII-A preparation will be a
useful and reasonable option to avoid further boosting the produc-
tion of his anti-FXIII-B alloantibody, when it will be licensed in
Japan in the near future.

Family study and identification of founder-effect
mutation

The results indicating the patient’s severe FXIII-B deficiency
prompted us to carry out a family study as well as genetic analyses
of his pedigree. In the two daughters of the proband (FXIII-B Kur-
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Figure 4: Time course of plasma FXIil activity after FXifl Conc. infu-
ston. FXIlI Conc. {1,200 U/50kg equivalent to a 48% increase in FXIHI Act)
was given to the patient for arresting low Gl bleeding in July 2012, and plas-
ma samples were coflected at the indicated time intervals (A}, After three
months (Oct. 2012), the same amount of FXilt Conc. was administered for
stopping gingival bleeding and plasma FXIH activity was measured by a com-
mercial ammonia release assay at the indicated time intervals (B). The pa-
tient's FXI activity increased only by 10% at 3 h from the lowest basal level
of 5% at 0 h {pre-dose) after the infusion of FXill Conc. in July 2012. Fur-
thermore, there was essentially no increase, 1% if any, in the activity after in-
fusing FXI Conc. in Oct. 2012. NB stands for non-bleeding periods (two
months before). Broken lines depict expected FXill activities after FXili Conc.
infusion. ’

ashiki), ELISA results clearly confirmed decreased amounts of
both FXII-B (39 and 45% of normal, respectively) and FXIII-A
(33 and 59% of normal, respectively) proteins (¥ Figure 5A),
which was consistent with the results of western blotting analysis
(data not shown). Both daughters showed FXIII amine-incorpor-
ation activity of 38 and 74% of the normal, respectively. A com-
mercial ammonia release assay also demonstrated similar results
(39 and 70% of the normal, respectively). It is interesting to note
that about two thirds of 37 defined heterozygotes of congenital
FXIII-B deficiency showed decreased FXII activity and antigen
levels (see Suppl. Table 1, available online at www.thrombosis-on
line.com), suggesting that more than a half of the normal FXIII-B
level may be necessary to maintain/support normal FXITI/FXIII-A
levels in the majority of these individuals. Since the concentration
of free FXIII-B is constant regardless the concentration of FXIII-A
or A,B, tetramer (27), only a part of the reduced FXIH-B by half
may complex with FXIII-A to stabilise it (10).

We previously identified a founder-effect mutation in the F13B
gene among Japanese individuals (5, 6). This deletion mutation

© Schattauer 2013

Figure 5: Family pedigree and FXIIl levels and founder-effect mu-
tation. In a family study, FXIl levels were examined by our ELISA, western
blotting, and amine-incorporation assays, as described in Methods. Results
of FXill-B and FXIII-A antigen analysis by our ELISA for each family member
are indicated at the right bottom corner in % of the normal (A). Case ID 11i-3
is the proband {arrow). PCR-RFLP analyses were performed using Taqf endo-
nuclease in order to detect the Jap: founder-effect jon: an
IV$1-2delA or an ag->(-)g deletion at the intron A/exon Ii spicing site in the
F13B gene (B).

was detected by PCR-RFLP analyses in the homozygous and het-
erozygous states in the genomic DNA of the proband (111-3) and
his daughters (IV-1 & -2), respectively (¥ Figure 5B). Since the
same mutation was observed in individuals from four geographi-
cally separated regions of Japan, Kanazawa, Fukuoka, Fukushima
and Kurashiki (see Suppl, Table 1, available online at www.throm
bosis-online.com), we believe that there would be many more pa-
tients with this type of congenital FXIII-B deficiency, at least in
Japan. As recently addressed (9), bleeding symptoms of these Jap-
anese patients seem to be mild; spontaneous bleedings rarely de-
velop while provoked bleedings secondary to haemostatic chal-
lenges, such as surgery, trauma, and delivery in females are com-
mon.

In conclusion, congenital FXIII-B deficiency seems to be more
common than what we perceived previously. Although the bleed-
ing phenotype in congenital FXIII-B deficiency is naturally mild,
severe bleeding episodes can occur when the condition is aggra-
vated by additional haemostatic disorders, including the develop-
ment of thrombocytopenia resulting from myelodysplastic syn-
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drome and FXIII-resistance by anti-FXII antibodies etc., like the
present case. Thus, physicians need to be aware of congenital
FXIII-B deficiency, and they must keep this disease in mind when-
ever they come across patients showing unexplained bleeding dis-
orders,
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