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Abstract 

Introduction. Emicizumab is an anti-factor (F)IXai 智Xbispecific antibody, mimicking FVIIIa 

cofactor function. Emi prophylaxis e旺ectively reduces bleeding events in patients with 

hemophilia A. The physical properties of emicizumab-induced fibrin clots remain to be 

investigated, however. Aim. We have investigated the stability and s仕UC同re of 

emicizumab-induced fibrin clots. Methods. Coagulation was initiated by activated partial 

thromboplastin time (aPTT)-trigger and prothrombin time (PT)/aPTT-mixed trigger in 

FVIII 回deficient plasma with various concentrations of emicizumab or recombinant FVIII. The 

旬rbidity and stability of fibrin clots were assessed by clot waveform and clot-fibrinolysis 

waveform analyses , respectively. The resulting fibrin was analyzed by scanning electron 

microscopy (SEM). Results. Using an aPTT-trigger, the turbidity was decreased and the 

五brinolysis times were prolonged in the presence of emicizumab dose-dependently. Scanning 

electron microscopy imaging demonstrated that emicizumab improved the structure of fibrin 

network with thinner fibers than in its absence. Although emicizumab shortened the aPTT 

dramatically, the nature of emicizumab-induced fibrin clots did not reflect the hypercoagulable 

state. Similarly, using an PT/aPTT-mixed trigger that could evaluate potential emicizumab 

activity, emicizumab improved the stability and struc 旬reof fibrin clot in a series of experiments . 

In this circumstance, fibrin clot properties with emicizumab at 50 and 100 μg/ml appeared to be 

comparable to those with FVIII at～12 and ～24・32IU/dl , respectively. Conclusion. Emicizumab 

effectively improved fibrin clot stability and structure in FVIII-deficient plasma and the physical 

properties of emicizumab-induced fibrin clots were similar to those with FVIII . 

Key words; Emicizumab , Scanning Electron Microscopy , fibrin clot structure , hemophilia A, 

fibrinolysis 
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Introduction 

Hemophilia (H)A results from a deficiency or defect of factor (F)VIII procoa 思ilant protein, and is 

the most common of the severe inherited bleeding disorders. The development of regular 

prophylactic therapy using FVIII products has dramatically improved quality of life in these 

patients [ 1]. The need for 企equent intravenous infusions of FVIII, however, presents a mental 

and physical burden especially for pediatric patients [2]. Moreover, the development of 

anti-FVIII inhibitor antibodies renders standard FVIII supplementation ineffective and makes 

hemostatic treatment di町icult to predict in these patients (3]. 

In this context, emicizumab, a recombinant, bispecific monoclonal antibody that binds to 

FIX/FIXa and FX/FXa and mimics the cofactor activity of FVIIIa in the tenase complex was 

developed [ 4,5]. This antibody mediates an appropriate conformational structure on 

FIXa-catalyzed activation of FX. In phase 1, 112 組 d 3 clinical trials, once-weekly, bi-weekly or 

tetra-weekly subcutaneous administration of emicizumab substantially reduced bleeding episodes 

in patients with HA (PwHA), regardless of the presence of inhibitors (6・12]. The antibody has 

already received regulatory approval for routine prophylaxis in PwHA with and without inhibitors 

in US, EU, and Japan . 

Unlike FVIII, emicizumab does not require activation by thrombin, and the shortening effect of the 

antibody on the activated partial thromboplastin time (aPTT) is more pronounced than that of 

FVIII (4,6,13]. The results obtained in aPTT ・based clotting assays, therefore , do not directly 

reflect potential emicizumab activity . Alternatively, comprehensive coagulation assays including 

clot waveform analysis (CWA) (14], thrombin generation assay (15], and rotational 

thromboelastometry [ 16] have been reported as useful techniques for assessing hemostasis in these 

circumstances. Since these comprehensive assays are dependent on a variety of trigger reagents , 

however , the results may not represent precise physiological aspects hemostasis. It could be 

informative, therefore, to examine the relationship between emicizumab activity and the physical 

properties of fibrin clots derived 企omPwHA.

Fibrin is formed by thrombin-mediated conversion of fibrinogen, and the specific concentrations 

of thrombin and fibrinogen are  the most important variables influencing fibrin clot structure (17]. 

Several groups have analyzed the nature of fibrin by scanning electron microscop y (SEM) in the 

pres ence of depressed thrombin generat ion in blood 企om sever e PwHA (18- 20]. For exampl e, 
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Antovic et al. [19] demonstrated that fibrin clot structure in pl出 ma合omsevere PwHA was porous 

and composed of thick and short fibers, prone to fibrinolysis . The administration of FVIII to 

these patients resulted in a compact fibrin clot structure comprising thinner fibers, and relatively 

resistant to fibrinolysis . Emicizumab is known to mimic FVIIIa cofactor function, but the 

physical properties of emicizumab-induced fibrin clots remain to be examined. Here, we 

investigated the stability and s仕ucture of emicizumab ・induced fibrin clots in plasma from PwHA 

using comprehensive functional assays and SEM. 

Materials and Methods 

Reagents ・Recombinant FVIII (Advate ⑧； Takeda Japan ラTo匂o, Japan), FVIIl-deficient plasma 

from PwHA (George-King, Overland Park, KS), and recombinant tissue 田type plasminogen 

activator (tPA; American Diagnostica Inc., Stamford, CT) were purchased 企om the indicated 

vendors. aPTT reagent (ThrombocheckR APTT-SLA; Sysmex Corp., Kobe , Japan) and PT 

reagent (Revohem ⑧PT; Sysmex) were used as sources of ellagic acid and tissue factor, 

respectively. We confirmed that FVIII activity was <I% in three different batches of 

FVIII-deficient plasma using a one-stage clotting assay (data not shown). 

Turbidi. 砂 offibrin clot utilizing CW A 圃 FVIII-deficient plasma was mixed with emicizumab 

(0-100 μg/ml) or FVIII (0-100 R万dl), and clot waveforms were examined using the CS-2400™ 

analyzer (Sysmex) with aPTT- or PT/aPTT-rnixed trigger reagents (PT /aPTT/buffer, 1:15 ：・135

ratio; v:v :v) [14]. Transmitted light intensity was recorded eve 可 0.1 sec at a 660 凹nwavelength 

to monitor the process of fibrin formation [21]. The clot waveforms were computer -pro cessed 

using the commercial kinetic algorithm (Figure IA). The horizontal axis shows the running time 

(sec), and the vertical axis shows the transmittance(%) de白ned as transmitted light intensity from 

the pre-coagulation to post-coagulation phase. The clot time , reflecting the pre-coagulation phase , 

was defined as the time from the addition of the trigger reagent to the point where the 

transmittance reduced to a predefined level. The coagulation phase was defined as the time from 

the beginning of fibrin formation to the point of minimum transmittance. The post-coagulation 

phase was defined as the period of stable transm ittanc e after the end of fibrin formation. The 

difference in transmittance from the initial level to the post-coagulation phase was regarded as 

'Turbidity ’of the fibrin clot. 

Clot s仰bili 砂utilizing clot デibrinolysis wav ξform analysis (CFWA) -We have recently described 
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a novel CFWA to simultaneously assess fibrin forτnation and clot lysis [22]. FVIII-deficient 

plasma mixed with emicizumab (0・100 μg/ml) or FVIII (0・100 IU/dl) (5。μl) was mixed with 

aPTT- or PT/aPTT-trigger reagent (50 μl) prior to incubation with a solution of CaCh (50 μl) 

co凶aining r-tPA (final conce 凶ration; 0.63 μg/ml) . The resulting waveforms were 

computer-processed using the commercial kinetic algorithm, and the pre-coagulation and 

coagulation phases were defined as for the standard CWA method. The post-coagulation phase 

was followed by an increase in transmittance, however, reflecting fibrinolysis induced by the 

added r-tPA. In the present study, the stability of the fibrin clot during this fibrinolysis phase was 

determined using a previously established parameter 'Lys50 (sec)' [23], represented by the time 

from minimum %transmittance to that at 50% of the maximum (see Figure 2B). 

Preparation of fibrin clots -Emicizumab (100 μg/ml) or FVIII (0, 30, and 100 IU/dl) was added 

to FVIII-deficient plasma (50 μl) and preincubated for 3 min in the analytical cuvette with either 

aPTT- or PT/aPTT-rnixed trigger reagent (50 μl) to ensure adequate activation of the contact 

clotting factors. Coagulation was initiated by the addition of 0.02 M CaCh (50 μl), and fibrin 

formation was examined 60 sec after 血cpost-coa 忽ilation phase (see the CW A). A白er clot 

formation was confirmed, an equal amount of 2% glutaraldehyde in phosphate-buffered saline 

(PBS) was added at 4°C for fixation overnight. 

Scanning electron microscopy (SEM) -Fibrin clots were transferred into glass vials containing a 

poly 司L-lysine-coated glass slide. If necessary, the clots were dissected into several pieces 

beforehand. The fibrin was adhered to the glass by centrifugation at 700 ×g for 5 min . Samples 

were washed twice with PBS for 5 min, and post-fixed with 1 % osmium tetroxide in PBS at 4°C 

for 45 min in the dark. The fixed samples were washed twice with PBS for 10 min, dehydrated 

serially in 50,  70, and 90% ethanol and thr ee times with 100 % ethanol, and then incubated with 

50% t-bu 匂lalcohol at 30°C for 5 min and with 100% t-butyl alcohol at 30°C for 30 min. The 

samples were frozen at 4°C for 10 min , and freeze-dried. The samples were mounted with 

Aquadiag ⑧E Collodai Graphite (TED PELLA. Redding, CA) and coated with osmium . Five 

images of each sample were captured at ×30,000 magnifi cat ion using the HITACHI-SU8020 

(Hitachi High 晴Technology, To匂ro, Japan) . 

Data analysis ・The data are presented as the average and standard deviation of three separate 

experime nts. Measurements of fibri n diameters were obtain ed using Image-Pro Premier (ver . 9.0ラ
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Media Cybernetics, Rockville, MD). One-way ANOVA was performed on experiments with nど3

using GraphPad Prism software (GraphPad Software, La Jolla, CA). P-values of <0.05 were 

considered to be statistically significant. 

Results 

1円'urbidi ，砂 of aPTT-triggered fibrin clots in FVIII-deficient pf，αsmas with emicizumab -To 

investigate the physical prope 抗yof emicizumab-triggered fibrin, fibrin pol 戸nerization was 

initially examined as an indirect assessment of fibrin clot by monitoring the changes in刷出idity of 

fibrin clot during aPTT measurements. Previous studies have indicated that the size and density 

of fibrin fibers can be determined from turbidity measurements [24]. In our studies, we used 

CWA to define the change of 印rbidity as the difference in transmittance (%) from initial to 

post-coagulation phases in clot waveforms. Hence ラincreased turbidity in the presence of thicker 

fibers is reflected in reduced transmittance. Representative aPTT-based CWA curve and 岡山idit y

calculation in FVIII-deficient plasma with FVIII (0-100 IU/dl) or emicizumab (0田 100 μg/ml) are 

shown in Figures lA-C, respectively. The presence of FVIII significantly decreased the change 

of turbidity compared to its absence (p<0.001) , consistent with the earlier report [25]. The effects 

of FVIII were dose-dependent, supporting the presence of forτnation of thinner fibrin  fibers . The 

addition of emicizumab also resulted in a significant reduction in turbidity change relative to the 

FVIII-deficient state (pく0.001), and the e百ect of the antibody was dose-dependent. 

Stability ofαPTT-triggered fibrin in the presence of emicizumab -The physical properties of 

fibrin were also evaluated as 'stability ’by monitoring changes in transmittance mediated by 

fibrinolysis in the presence of exogenous r-tPA (CFW A). Lys50 was defined as a parameter of 

stability , and was recorded as the period 企ommaximum change of %transmittance (completion of 

fibrin clot formation) to the recovery to 50% of the maximum change [23] (Figure 2C) .  A 

representative fibrinolytic curve in aPTT-triggered CFWA in FVIII-deficient plasma in the 

presence of various amounts of FVIII and emicizumab are shown in Figures 2A and 2B, 

respectively, and the Lys50 value calculated in each sample is shown in Figure 2D. Even the 

addition of low level of FVIII (10 IU/dl) significantly incre ase d Lys50 relative to the 

FVIII-deficient state (p<0.001) , in keeping with the generation of mor e stable fibrin in the 

presence of FVIII [19,22]. The presence of emicizumab also resulted in a signi 五cant increase in 

Lys50 relative to the FVIII-deficient state (p<0.001). 

6 



SEM images of aPTT-triggered fibrin in FVIII-deficient plasma with emicizumab ・To 白rther

directly visualize the fibrin fibers within 白brin clot, SEM images of aPTT ・triggered fibrin clots 

derived from FVIII-de:ficient plasma samples incubated with emicizumab were compared to those 

with various amounts of FVIII. In this experiment, we utilized higher concentrations of 

emicizumab (100 μg/ml) than clinically therapeutic concentrations （～50 μg/ml) to ensure 

maximum activity for fibrin formation ex vivo. The SEM images of fibrin fibers in native 

FVIII-de:ficient plasma under these conditions looked rough, short and thick. In the presence of 

exogenous FVIII, however, the fibrin  fibers were relatively thin and the matrices appeared to be 

denser dose-dependently (Figure 3A), in keeping with a previous report [19]. Similarly, 

emicizumab-induced fibrin clots were thinner and denser compared to those in FVIII-deficient 

plasma. To quanti 命the properties of fibrin fibers, images were randomly selected and examined 

by four colleagues not involved in the s加dy (25 each per person; total numbers of 100), and the 

average diameters of fibers in each clot-sample were calculated (Figure 3B). Average 

:fibrin-diameters in the presence of emicizumab were significantly smaller (125 土45nm) than in the 

absence of FVIII ( 196 士48 nm, p<0.001) or in the presence of  30 IU/dl FVIII (147 士40 町民

p<0.001), and were similar to those at 100 R万dlFVIII (125 土28nm). The data suggested that the 

marked shortening of the aPTT mediated by emicizumab was associated with enhanced fibrin 

formation and improved fibrin clot stability. 

Turbidi. 砂 and s臼bility of PT!aPTT- ・triggered fibrin clots with emicizumab ・ In original 

aPTT-triggered experiments, the potential of emicizumab-induced fibrin formation appeared to be 

greater than the equivalenf intrinsic coagulation activity of FVIII (0.2 ・0.4 IU/dl per μg/ml) (26]. 

In this context, we previously demonstrated that a combined, extrinsic-intrinsic trigger reagent 

could provide a useful means to assess sufficiently the global coagulation potential of emicizumab 

activity (14]. To assess the natural potential of emicizumab activity, therefore, the above 

experiments were repeated using a PT/aPT 下mixed activator . 

The 同rbidity of fibrin clots induced by the combined trigger reagent was analyzed using CW A. 

Representative PT/aPTT-based CWA curves and 同rbidity calculations in FVIII-de:ficient plasma 

with FVIII or emicizumab are shown in Figures 4A-C, respectively. The addition of FVIII 

appeared to decrease the change of 如rbidity relative to that in FVIII-de:ficient plasma 

dose-dependently although the differences were not statistically significant. The addition of 

emicizumab also resulted in a slight decrease in change of旬rbidity dos e-dependently. It was 
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speculated that the 回rbidity at the concentration of emicizumab (50 問／ml) appeared to be close to 

that in the presence of FVIII at above 10 R万dl.

Furthermore, clot stability measurements , represented by Lys50, in these PT/aPTT-based CFWA 

experiments are illustrated in Figures 5A・C. The addition of FVIII increased Lys50 relative to 

that in FVIII-deficient plasma, and the effects were dose-dependent. Similarly, the addition of 

emicizumab resulted in an increase in Lys50 relative to the FVIII-deficient state in a 

dose-dependent manner. In particular, the Lys50 at the concentration of emicizumab (50 μg/ml) 

was comparable to that in the presence of FVIII at above 10 R万dl.

SEM images of PT!aPTT-triggered fibrin in FVIII-deficient plasmas with emicizumab -The 

PT/aPTT-induced fibrin clots derived 企om FVIII-deficient plasmas in the pre sence of added 

emicizumab or FVIII were analyz ed by using the SEM. Representative images are shown in 

Figure 6A. The fibrin fibers derived from FVIII-deficient plasma appeared to be slightly thicker 

than those in the presence of FVIII or emicizumab (100 μg/ml）ラbut the di百erences were difficult 

to distinguish visually . The diameters of randomly selected fibrin fiber s (n=lOO) were 

quantitatively compared as before (Figure 6B). Average diameters in the presence of 

emicizu mab (130 土24 nm) or 30 and 100 IU/dl of FVIII (131 土29 and 126 土29 nm, respecti vely) 

were less than that in the absence of FVIII (13 8士23 nm, p<0.01). The mean diameter in the 

presence of emicizumab (100 μg/ml) seemed to be comparabl e to that of～30 IU/dl of FVIII. 

The results of these analyses of stability and structure of PT/aPTT-triggered fibrin clots are 

summarized in Figure 7. Overall ，企omthe view of stability and structure, our data suggested that 

emicizumab activity at 50 and 100 μg/ml was comparable to FVIII activity of～12 and ～24・32

IU/dl, likely similar to pre vious reports [14 , 26]. 

Discussion 

The structure of natural hemostatic clots is highly dep endent on the concentrations of fibrinogen 

and thrombin, ionic strengt h, divalent metal ions, negatively charged substances , etc [17]. In 

addi tion , von Willebrand facto r also has been shown to modulate fibrin struc 旬re and fibrinol ysis 

[27]. Also, high doses of rFVII a impro ved clot structure and stability in a HB model [28]. 

These studies demonstrated , therefore, that SEM and clot-lys is analyses help to cla rifシthe role of 

coagulation -rel ated factors in physiologi c fibrin for τnation 姐 ddis solution . 

8 



Emicizumab provides a novel approach for HA therapy, but the impact of this product on the 

na印re of hemostatic clots remains to be determined. We for the first time demonstrated the 

struc 同re of fibrin clots formed in the presence of emicizumab using the CWA and SEM analysis. 

Emicizumab-induced fibrin clots were composed of the thinner fibers, as compared to those 合om

severe HA plasma. These findings were consistent with an earlier report demonstrating that 

FVIII therapy in PwHA constructively improved the generation of fibrin  fibers [19]. Moreover, 

our observations confirmed that changes in fibrin matrices were governed by FVIII concentration 

[20] , and provided a strong indication that the effect of emicizumab was comparable to that of 

FVIII. Furthermore, our results were compatible with a previous study on the 同rbidity of fibrin 

clots [24], and highlighted a correlation between the diameter of fibrin fibers and clot turbidity in 

the presence of emicizumab as well as FVIII. The evidence suggested , therefore, that 

measurements of印rbidity complement SEM analyses for the assessment of clot struc 加re.

The therapeutic benefits of emicizumab in HA are independent of FVIII activation by thrombin, 

and conventional aPTT ・based assays of coagulation activity are unreliable in these instances 

[ 4,6, 13]. In our experiments, the physical property of aPTT-triggered fibrin clots formed in the 

presence of 50 μg/ml emicizumab were similar to those in the presence of ～50 IU/dl FVIII , and 

although emicizumab markedly shortened the aPTT ( <20 sec), the physical properti 回 ofthe fibrin 

clots did not indicate the presence of a hypercoagulable state . Similarly , the struc 印re of fibrin 

clots induced by the PT/aPTT ・trigger reagent in the presence of emicizumab (50 μg/ml) was 

comparable to that of ～12 IU/dl FVIII. These data were consistent with our earlier report on the 

use of this combined reagent in CWA for the assessment of comprehensive coagulation function 

[14]. Moreover, our potential activity of emicizumab appeared to be similar to that predicted in 

pre-clinical studies (0.2-0.4 IU/dl per μg/ml) [26]. Hence, emicizumab at a clinically therapeutic 

concentration of 50 μg/ml would be equivalent to 10・20 R万dl FVIII. Our results of 

PT/aPTT-triggered fibrin clots predicted that 100 μg/ml emicizumab was equivalent to 20-30 IU/dl 

FVIII. 

There are some limitations to our s四dy, however . First, the trigger and tP A concentrations may 

have an influence on results, although the fact that emicizumab has a comparable effect on clot 

structure and stability is valuable information. Emicizumab may have a comparable effect on 

thrombin generation than FVIII, since the kinetics of thrombin generation has a major effect of clot 
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structure [19, 28]. Secondly, we focused on the impact of emicizumab on fibrin  fibers in plasma 

samples . Leong et al. [25] demonstrated, however ，血at the presence of platelets and red blood 

cells also a百ected the formation of fibrin clots. Further investigations using whole blood are 

required to clarif シernicizumab-induced clot formation under physiological blood flow conditions. 

Effective hemostasis is governed not only by fibrin clot struc 旬re but also by clot stability [29]. 

In this context, fibrinolytic potential has been commonly assessed by adding tPA or plasmin to 

fibrin clots ex-vivo. More recent! ぁour group has demonstrated by CFWA that the stability of 

fibrin clots in plasma samples from hemophilia patients was weak and 企agile compared to normal 

control [22]. In the present study, clot stability was evaluated with a time-associated parameter , 

Lys50, and the results in the presence of emicizumab were similar to those in the presence of FVIII. 

Clot lysis of thick fibrin fibers is known to be more rapid than that of thin 自bers [30], and our data 

were in keeping with those characteristics. CFWA has been established mainly for rapid 

determination of fibrinolysis in clinical practice, howe ver, and Nogami et al. [31] reported that 

FVIII is rapidly activated and/or inactivated by plasmin. Further studies are required to examine 

whether the stability of emicizumab-induced clots reflect physiological responses in the absence of 

FVIIl . 

In conclusion, the current findings have shown that ernicizumab significantly increased clot 

stability as assessed by fibrinolytic resistance and improved clot structure as indicated by the 

morphology of fibrin  fibers . These effects of the antibody were similar to those mediated by 

FVIII. 
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Figure Legends 

Figure 1. Fibrin clot turbidity measured by aPTT ・triggered CWA in FVIII-deficient plasmas 

with FVIII or emicizumab added ex vivo -FVIII-deficient plasma was mixed with various 

concen 仕ations of FVIII (0, 10, 30,  50, and 100 R万dl; A) or emicizumab (0, 10, 50, and 100 μg/ml; 

B) and were incubated with aPTT reagent prior to the addition of CaCh ・ The lines represent the 

clot waveforms obtained in each of plasma sample. The segments from (a) to (b) , (b) to (d), and 

( d) to ( e) show the phases of pre-coagulation , coagulation and post 四coagulation (completion of 

fibrin clot), respectively. The difference in 仕ansmittance 合om the initial level to 

post 『coagulation phase was regarded as ‘a change of turbidity （%）’. Panel (C) shows turbidit y 

(% ) in the presence of FVIII or emicizumab from the clot wavefo1ms illustrated in (A) . 

Experiments were performed at least three separate times , and the average values and SD were 

calculated . Significant differences between FVIII 幽deficient plasma and the other groups were 

considered as p <0.05 . **p <0.001 

Figure 2. Fibrin clot stab 出tymeasured by aPTT-triggered CFWA in FVIII-deficient plasma 

in the presence of FVIII or emicizumab added ex vivo ・FVIII 』deficient plasma was mixed with 

various concentrations of FVIII (0, 10, 30, 50，組 d100 IU/dl; A) or emicizumab (0, 10, 50, and 

100 μg/ml; B) and incubated with aPTT trigger reagent containing tPA (0.63 μg/ml) prior to the 

addition of CaCh ・ The lines represent fibrin clot forτnation , followed by clot lysis in each sample. 

Stability of fibrin clot was assessed by the “Lys50 (sec ）”parameter as difference between the time 

at maximum change of %transmittance and that at 50% of the maximum change (C). Pαnel (D) 

shows the Lys50 in the presence of FVIII or emicizumab from waveforms obtained in (A). 

Experiments were perf mmed at least three separate times, and the average values and SD were 

calculated . Significant differences between FVIII-deficient plasma and the other groups were 

considered as pくO.05. **p <0.001 

Figure 3. SEM analyses of aPTT-triggered fibrin clots in FVIII-deficient plasmas with FVIII 

or emicizumab added ex-vivo -(A) SEM images; Fibrin clots in FVIII-deficient plasma in the 

presence of rFVIII (0, 30, and 100 IU/dl) or emicizumab (100 陪 ／ml) were generat ed by the 

addition of aPTT reagent and CaCh, and analyzed by SE恥f The fibrin fib ers were visualized at a 

magnification of  30,000 ・fold .(B) Measurements of fibrin  fibers ; the diameters of fibrin fibers 

(total n=lOO) selected randomly from the images illus trated in (A) were measured. The short 

hori zonta l lin es in the graphs indicate average values. Average values and SD were calculated. 
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Significant differences between groups were considered as p <0.05. *p<0.01 , **p <0.001 

Figure 4. Fibr 匝 clot turbidity measured by PT/aPTT-triggered CWA in FVIII-deficient 

plasma added FVIII or emicizumab ex vivo 刷 FVIII-deficient plasma was mixed with variou s 

concentrations ofFVIII (0, 10, 30, 50, and 100 IU/dl; A) or emicizumab (0, 10, 50, and 100 μg/ml; 

B) and were incubated with PT/aPTT-mixed trigger reag ents prior to the addition of CaCh . The 

lines represent the clot waveforms obtained in each of plasma sample. (Inset) An enlarged view 

at the post-coagulation phase (within square area) that w出 shown in (A) and (B). Panel (C) 

shows turbidity(%) in the presence of FVIII or emicizumab from the clot w aveforms illustrated in 

(A). Expe rimen ts were performed at least three sep ara te time s, and the average values and SD 

were calculated. Significant differences bet ween groups were considered as p <0.05. 

Figure 5. Fibrin clot stability measured by PT/aPTT-triggered CFWA in FVIII 開deficient

plasma added FVIII or emicizumab ex vivo -FVIII-d eficient plasma was mixed with FVIII (0, 

10, 30, 50, and 100 IU/dl; A) or emicizumab (0, 10, 50, and 100 μg/ml; B) and incubated with 

PT/aPTT-mixed trigger reagents containing tPA (0.63 μg/ml) prior to the addition of CaCh. The 

lines represent fibrin clot formation , follo wed by clo t lysis in each sample . Stabili ty of fibrin clot 

was assess ed by the “Lys 50円 para m eteras differe nce betwee n the tim e at maximum change 

of %transmittance and that at 50% of the maximum change . Pan el (C) sho w s the Lys50 in the 

presence of FVIII and emicizumab from waveforms obtained in (A and B , respectivel y). 

E xperiments were performed at least three separate times, and the avera ge value s and SD were 

calculat ed. Signifi cant diff ere nces betwee n gro ups were considered as p < 0 .05. 

Figure 6. SEM analyses of PT/aPTT-triggered fibrin clots in FVIll-deficient plasmas with 

FVIII or emicizumab added ex vivo ・（A) SEM images; Fibrin clots in FVIII -deficient plasm a 

mixe d with rFVIII (0, 30, and 100 IU/dl) or with emici zumab (100 μg/ml) ex viv o were generate d 

by the addition of PT/aPTT reagent and CaCh, and anal yzed by SEM. The fibrin fibers were 

visu alized at a m agnification of 30,000-fold . (B) Measurement s of fibr 血 fiber ;the diamet ers of 

fibrin fib ers (tota l n=lOO) selected ran domly in  the images illu strated in (A ) were mea sur ed. T he 

short hori zonta l lines in the gra phs indic ate average values . Average value s and SD were 

calcula ted. Significant differences betwe en groups were cons idered as pく0.05. *p<0.0 1, 

**p < 0.001 
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Figure 7. Equivalent FVIII activity levels of emicizumab, predicted from the stability and 

structure of PT/aPTT-triggered fibrin clots -The figures illustrate the (A) turbidity, (B) stabilit y, 

and (C) fibers diameters of fibrin clots obtained 企om the PT/aPTT-triggered assays shown in 

Figures 4-6. The dotted lines represent the levels of FVIII activity equivalent to the turbidity and 

stability in the presence of emicizumab of  50 μg/ml (gra y lines) and 100 μg/rnl (black lin es), 

respectively. The FVIII activity levels were ～12 IU/dl at 50 μg/ml and ～24・32 IU/dl at 100 

μg/ml. 
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