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values obtained by ROC curve analysis and by average + 2 SD
made comparable performance in ICTs. We therefore kept cut-off
values obtained by average + 2 SD.,

Discussion

This is the first report of a rapid test for the detection of anti-
FXIII-A auto-Abs, which cause a life-threatening bleeding disease

termed AH13. In this study, we first characterised three in-house
mAbs in detail to confirm the rational basis for their use in an im-
portant life-saving diagnostic method. We then developed an ICT
to detect anti-FXIII-A auto-Abs and to differentiate AHI3 cases
from other HAF13D patients. The latter is essential for the proper
treatment of AH13 because administration of immunosuppressive
agents is indispensable for its Ab eradication therapy.

Among our three in-house mAbs against human FXII-A,
1TH2-8C4C, had the highest affinity toward FXIII-A, and
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tients with AFD (AFD-1 through AFD-23) (A) and
20 samples from patients with AH13
{(AH13-Aa-1 through -Aa-11, and -Ab-3) (B). The
results of 13 AH13 cases of type Aa (AH13-Aa-1
through Aa-13), 3 of type Ab (AH13-Ab-1
through Ab-3), and 3 of type B (AH13-B-1
through B-3) are represented as a gray, closed,
and open bars, respectively. * indicates samples
(AH13-Ab-1, Ab-2, B-1, and B-2) that have al-
ready been diagnosed as AH13. The cut-off value B
is indicated by a dashed line. ND, not detectable.
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Figure 4: Application of ICTs to various
types of AH13. A) The absorbance is shown for
one healthy control plasma sample (HC-2) and
three samples from patients with AH13 type Ab
(AH13-Ab-1 to Ab-3). "Mere ICT", "ICT spiked
with healthy control plasma", and "ICT spiked
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with FXilla" are represented as open, gray, and
closed bars, respectively. A cut-off value is indi-
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AH13 type Ab (AH13-Ab-1 through -Ab-3). The
results of ICTs spiked with healthy control plas-
ma in the absence {open bars) or the presence 02 4
of thrombin and CaCl; without {gray bars) or
with GPRP -NH2 (closed bars) are shown. The B
cut-off value is indicated by a dashed line.
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Figure 5: The correlation between ICT vaiues and FXII levels. A) Valu-
es of direct (left) and spiked (right) ICTs are shown. The results are presented
as box-and-whisker plots denoting the median, interquartile range, and the
minimum and maximum data points. The values of both direct and spiked
ICTs were significantly higher in AH13 cases than in the healthy contro! {HC)
group {0.60 = 0.61 vs 0.08 + 0.05, P = 0.0073 and 0.78 = 0.54 vs 0.08 =
0.05, P <0.0001, respectively) and AFD patients (vs 0.09 = 0.07, P = 0.0085
and vs 0.1 + 0.09, P <0.0001, respectively). *; activated by thrombin in the
presence of calcium, B) The correlation between direct and spiked ICTs are
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shown. There was a strong correlation between direct and spiked ICTs for
both the AH13 (open circles) and AFD (closed circles) groups (R? = 0.62 and P
=0.0001; R? = 0.67 and P <0.0001, respectively). ) Direct (left) and spiked
{right) ICT values vs FXIll ammonia release (AR) activity {Act) levels are
shown. For AH13 cases (open circles), a significant inverse correlation be-
tween both direct and spiked ICT values and FXIII-AR Act was observed
(slope =—7.7, R?= 0.30, P = 0.022 and slope = ~10.4, R? = 0.43, P = 0.0034,
respectively).
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therefore it was selected as a capture antibody to be coated onto
the surface of the assay membrane. This mAb was also confirmed
to bind to the p-barrell-1 domain, a region where no function of
FXIII-A had been assigned, to the best of our knowledge. This is
consistent with the findings that none of our mAbs inhibited either
the proteolytic activation of FXIIT by thrombin or the catalytic ac-
tivity of activated FXITTa. Furthermore, the three mAbs did not in-
terfere with the heterotetramer assembly between FXIII-A, and
EXIII-B, dimers.

Taken together, 1TH2-8C4C is the most suitable Ab for the
present ICT because it would not compete with patients’ inhibitory
anti-FXIII-A auto-Abs that target the plasma transglutaminase re-
gions of FXIII-A. Thus, ITH2-8C4C can detect not only non-neu-
tralising auto-Abs but also neutralising auto-Abs against FXIII-A.

There are at least two major difficulties to overcome in develop-
ing an ICT to detect anti-FXIII-A auto-Abs in AHI13 cases. The
first is the low amounts of FXIII-A antigen that is frequently ob-
served in patients’ plasma, Our “direct ICT” can detect only an im-
mune complex between FXIII-A antigen and its auto-Abs, but not
free anti-FXIII-A Abs. Therefore, our direct ICT is made for the
detection of only complexed anti-FXTII-A auto-Abs. This problem
was overcome by employing the “spiked ICT in which a normal
amount of FXIII-A in control plasma was added to a patients
sample, Subsequently, the exogenous FXIII-A antigen supplied by
the control plasma would be bound by free anti-FXIII-A auto-Abs
in a patient’s plasma, resulting in the formation of an additional
amount of FXIII-A antigen-anti-FXIII-A auto-Ab complex. Ac-
cordingly, our spiked ICT can measure the total anti-FXIII-A
auto-Ab level, if the quantity of a patient’s anti-FXIII-A auto-Abs
does not exceed the amount of FXIII-A antigen in the control plas-
ma. In fact, this spiked ICT diagnosed all type Aa cases, without
exception.

The second problem is harder to overcome, because it is based
on the fundamental mechanisms of action of anti-FXIII auto-Abs,
As described previously, there are at least three types of anti-FXIII
auto-Abs, type Aa, Ab, and B, directed exclusively toward native
FXIII-A, activated FXIII-A, and FXIII-B, respectively. Actually,
some AHI3 samples of either type Ab or B auto-Abs were classi-
fied as “false-negative”. We therefore modified our ICT by adding
pre-activated rFXIIIa into the original ICT reaction mixture, and
successfully detected auto-Abs in all type Ab cases. A serum
sample made from a mixture of type Ab and normal control plas-
ma was used for ICT of AH13-suspected patients “in the field,” be-
cause endogenously generated thrombin can activate FXIII-A in
normal control plasma to form an immune complex between acti-
vated FXIa antigen and anti-FXIIIa auto-Abs.

Conversely, it is impossible to detect the type B auto-Abs by our
current ICTs, because this type of auto-Abs is directed to the
FXIII-B. We are developing another ICT to detect the type B auto-
Abs using in-house mouse mAbs generated against FXIIIL-B, in the
near future.

Our ultimate goal is to make our ICT suitable as a POCT
(16-19), because a prompt detection of anti-FXIIII auto-Abs can
lead to an immediate decision to start immunosuppressive treat-
ment for patients with otherwise unexplained bleeding. To adapt
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What is known ‘about this topic? ;

- The number of AH13 panents has‘ recently heen mcreasmg in
apan.

o The definitive chagnosxs ofAH13 can currently be estabhshed only

: through time-consuming and expensive laboratory tests, such as
the |mmune/dot blot assay and ELISA; to detect antl FXIII auto-:

o We'successfully developed a rapid: lmmunochromatographxc test i

: (!CT) o detect anti-FXIIEA - altoantibodies. and o dnfferentlater
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~immune FXIII deficiencies.

o ICT values were: sngnn‘lcantly [nversely correlated wnh FXlII activ-

i nty levels, md‘catmg an association between the quantxty of anti--
FXII! autoantlbodxes and the pathogenesxs of AH13

our ICT system to a fully assembled POCT devise (17, 19), the cur-
rent methods may need to be optimised further. In addition, incor-
porating a positive control of anti-FXIIT Abs into a test strip as a
control line will improve the usefulness of the test because it will
reduce the number of strips as well as reagents needed to perform
the assay. Although the present ICT study was carried out using a
bench top absorbance reader, it was possible to read results visually
(by three independent examiners in our laboratory, data not
shown).

In conclusion, we have developed a new, rapid, and easy-to-use
ICT for anti-FXIII-A auto-Abs that diagnoses 90% of AH13 pa-
tients. This novel ICT method may be applicable to a POCT, and
contribute to saving more AH13 patients’ lives.
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Supplemental Material to to Osaki et al. “Rapid
immunochromatographic test for detection of anti-factor Xlll A
subunit antibodies can diagnose 90 % of cases with autoimmune
haemorrhaphilia X1I/13” (Thromb Haemost 2015; 113.6)

Suppl. Figure 1: Development of an [CT for the detection of anti-FX111-A auto-Abs.
(A) The standard operating procedure for our ICT is shown. It takes about 30 min from
applying samples to interpreting a test strip. (B) Examples of ICT results are shown. A
definite band (+, positive) was detected in the presence of anti-FXIII-A auto-Abs (right),
while no band (-, negative) was observed in the absence of auto-Abs (left). The mean + SD
and coefficient of variation of the positive control sample were 215 + 22 mAbsorbance and

10% (n=8), respectively, by a FactScan reader. (C) A schematic representation of the
spiked ICT for insufficient FXIII-A. It takes about 2 h and 30 min from the preincubation of
samples supplemented with a normal plasma sample to reading a test strip.
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Suppl. Figure 2: Epitope analyses of in-house mAbs using synthetic FXI1I-A peptides
and fragments of chymotrypsin-digestion.

(A) Binding specificities of mAbs against FXIII-A-peptides. Thirty-five FXIII-A peptides,
covering 83% of the total FXIII-sequence, were synthesized and immobilized on the plates.

26
—— Predicted epitope regions of
28 anti-FXI-A mAbs f

n
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The details regarding all synthetic peptides are summarized in Table 1. The binding abilities
of three mAbs, 1TH2-8C4C (closed bar), ITH6-2H7F (gray bar), and 1TH6-10E (open bar),
to each peptide were determined by ELISA. The data are presented as means of three
replicates and SDs. The peptides derived from rFXIII-A. A, B, C, Bl, and B2 denote
activation peptide, B-sandwich, core, barrel-1, and barrel-2 domains, respectively. Just below

the entire precursor (rfFXIII-A; the left side is the N-terminus and the right side is the
C-terminus), synthetic peptides listed in Table 1 are highlighted (peptide nos. 3, 5, 26, 27, 28,
and 29) and open boxes indicate other synthetic peptides. (B) Chymotrypsin-digested
fragments identified whose peak areas exceeded 10° are denoted by closed boxes (bound to
mAbs) or open boxes (total). (G) Chrystal structures of the factor XIIT A-subunit showing the
regions (yellow) for peptides 3, 5 and 26-29 which are reactive with the autoantibodies.
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Suppl. Figure 3: Levels of FXI1I antigen in AH13 and HAFD cases.
There was no correlation between either direct (A) or spiked (B) ICT and FXIII Agn for

AHI13 cases (P=0.055 and 0.57, respectively) and those in HADF patients (= 0.64 and 0.81,
respectively).
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Suppl. Figure 4: Recejver operator characteristic (RO C) curve.

ROC curve was drawn to determine the optimal cutoff values and area under the ROC curve

for direct (A) and spiked (B) ICTs.
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Suppl. Table 1; List of sythesized FXI1I-A peptides used in this study.

Peptide No N-term. C-term. Sequence
Position Position

1 5 24 RTAFGGRRAVPPNNSNAAED
2 20 39 NAAEDDLPTVELQGVVPRGV

3 36 55 PRGVNLQEFLNVTSVHLFKE

4 53 72 FKERWDTNKVDHHTDKYENN

5 79 98 GQSFYVQIDFSRPYDPRRDL

6 100 119 RVEYVIGRYPQENKGTYIPV

7 121 140 IVSELQSGKWGAKIVMREDR

8 136 151 MREDRSVRLSIQSSPK

9 158 177 RMYVAVWTPYGVLRTSRNPE
10 173 192 SRNPETDTYILFNPWCEDDA
11 187 206 WCEDDAVYLDNEKEREEYVL
12 205 224 VLNDIGVIFYGEVNDIKTRS
13 228 247 GQFEDGILDTCLYVMDRAQM
14 257 274 KVSRVGSAMVNAKDDEGV
15 270 289 DDEGVLVGSWDNIYAYGVPP
16 296 313 VDILLEYRSSENPVRYGQ

17 333 352 RIVINYFSAHDNDANLQMDI
18 350 369 MDIFLEEDGNVNSKLTKDSV
19 377 393 EAWMTRPDLPVGFGGWQ
20 427 446 DAPFVFAEVNSDLIYITAKK
21 445 464  KKDGTHVVENVDATHIGKLI
22 462 481 KLIVIKQIGGDGMMDITDTY
23 477 496 ITDTYKFQEGQEEERLALET
24 492 511 LALETALMYGAKKPLNTEGY
25 516 535 SNVDMDFEVENAVLGKDFKL
26 540 559 RNNSHNRYTITAYLSANITE
27 556 574 NITFYTGVLKAEFKKETFD
28 580 599  LSFKKEAVLIQAGEYMGQLL
29 596 615 GQLLEQASLHFFVTARINET
30 616 635 RDVLAKQKSTVLTIPEIIK
31 631 647 EMKVRGTQVVGSDMT
32 649 668 TVQFTNPLKETLRNVWVHLD
33 674 693 RPMKKMFREIRPNSTVQWEE
34 685 704 PNSTVQWEEVCRPWVSGHRK
35 712 731 DSLRHVYGELDVQIQRRPSM

Suppl. Table 2: List of identified chymotrypsin-digested peptides.

Peptides with expectation values according to either Mascot (column 9) or Sequest HT
(column 10) of less than 0.05 are listed. The expectation values over 0.05 are shown in gray
boxes with white letters. The N-(Before, column 1) and C-terminal (After, column 3) flanking
amino acids are shown. Start (column 4) and Stop (column 5) indicate the amino acid
positions of the N- and C-terminus of the identified peptide (Sequence, column 2). Peak areas
for the peptides bound to 1TH2-8C4C, 1TH6-2H7F, and 1TH6-10E are shown in columns 11,
12, and 13, respectively. Peak areas for chymotrypsin-digested peptides from the same

quantities of rEXIII-A are shown in column 14 (Total). Peptides with peak areas greater than
10° are shown in closed boxes with white letters. The relative peak areas, or the ratios of the
major peptides (peak area> 1 x 10°) bound to each mAb to the total are shown in parenthesis.
*ND, Not detectable; bNI, Not identified; °NE, Not estimated.



o N m Suppl. Table 3: Dot-blot analysis of clinical samples for detection of anti-FXIil-A
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SYMPTOMS (up to the
time of diagnosis)

SCORE

0§ 1§ 2 3 4
Epistaxis Noftrivial - > Blyear Consultation only* Packing or cauterization or Blood transfusion or replacement
or antifibrinolytic therapy (use of hemostatic blood
-more than 10 components and rEViia), or
minutes desmopressin
Cutaneous No/trivial For bruises 5 or Consultation only* Extensive Spontaneous hematoma requiring
more (> fcm) in blood transfusion
exposed areas
Bleeding from minor Noftrivial - > 5lyear Consultation only* Surgical hemostasis Blood transfusion, replacement
wounds or therapy, or desmopressin
- more than 10
minutes
Oral cavity Noftrivial Present Consultation only* Surgical hemostasis or Blood transfusion, replacement
antifibrinolytic therapy, or desmopressin
Gl bleeding Noftrivial Present (not Consultation only* Surgical hemostasis or Blood transfusion, replacement
associated with antifibrinolytic therapy, or desmopressin
ulcer, portal
hypertension,
hemorrhoids,
angiodysplasia)
Hematuria Noftrivial Present Consultation only* Surgical hemostasis or Blood transfusion, replacement
{macroscopic) iron therapy therapy. or desmopressin
Tooth extraction No/trivial or Reported in <25% | Reported in >25% of Resuturing or packing Blood transfusion, replacement
none done of all procedures, all procedures, and therapy, or desmopressin
and no no intervention**
intervention**
Surgery Noftrivial or Reported in <25% | Reported in >25% of Surgical hemostasis or Blood transfusion, replacement
none done of all procedures, all procedures, and antifibrinolytic therapy, or desmopressin
and no no intervention**
intervention**
Menorrhagia Noftrivial Consultation only* - Time off - Requiring combined - Acute menorrhagia requiring
or work/school > 2/year | treatment with antifibrinolytics | hospital admission and emergency
- Changing pads or and hormonal therapy treatment
more frequently - Requiring or or
than every 2 hours antifibrinolytics or - Present since menarche - Requiring blood transfusion,
or hormonal or iron and > 12 months Replacement therapy, or
- Clot and flooding therapy Desmopressin,
or or
~ PBAC score>100# - Requiring dilatation & curretage or
endometrial ablation or
hysterectomy)
Post-partum Noftrivial or Consultation only* - Iron therapy - Requiring blood transfusion, | - Any procedure requiring critical
hemorrhage no deliveries or or replacement therapy, or care or surgical intervention (e.g.
- Use of syntocin - Antifibrinolytics desmopressin hysterectomy, internai iliac artery
or or legation, uterine artery
- Lochia > 6 weeks - Requiring examination embolization, or uterine brace
under anaesthesia and/or the sutures)
use of uterine
balloon/package to
tamponade the uterus
Muscle hematomas Never Post frauma, and | Spontaneous, andno | Spontaneous or traumatic, Spontaneous or traumatic,
no therapy therapy requiring desmopressin or requiring surgical intervention or
replacement therapy blood transfusion
Hemarthrosis Never Post trauma, and | Spontaneous, and no | Spontaneous or traumatic, Spontaneous or traumatic,
no therapy therapy requiring desmopressin or requiring surgical intervention or
replacement therapy blood transfusion
CNS bleeding Never - - Subdural, and any Intracerebral, and any intervention
intervention
Other bleedings® No/trivial Present Consuitation only* Surgical hemostasis, or Blood transfusion or replacement

antifibrinolytics

therapy or desmopressin

IF YOU HAVE ANY QUESTIONS, PLEASE REFERETO (BERIZSH2ESRUTORF22RBT/ L)

Rodeghiero F, Tosetto A, Abshire T, Amold DM, Coller B, James P, Neunert C, Lillicrap D; ISTH/SSC joint VWF and Perinatal/Pediatric
Hemostasis Subcommittees Working Group. ISTH/SSC bleeding assessment tool: a standardized questionnaire and a proposal for a new bleeding
score for inherited bleeding disorders. J Thromb Haemost. 2010;8:2063-5.
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