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Abstract

Introduction—Trauma-induced coagulopathy (TIC) and the tissue injury-provoked procoagulant 

profile are prevalent in severely injured patients, but their mechanisms remain unclear. Myosin, 

exposed by or released from tissue injury, may play a role in promoting thrombin generation and 

attenuating fibrinolysis. The objective of the study is to examine the effects of cardiac and skeletal 

muscle myosins on coagulation in whole blood using thrombelastography (TEG).

Materials and Methods—Whole blood was collected from healthy adult volunteers (n=8) and 

native TEGs were performed to evaluate the global coagulation response in the presence of cardiac 

or skeletal muscle myosin by measuring reaction (R) time (minutes), clot angle (°), and maximum 

amplitude (MA, mm). TEG measurements were compared using paired t-tests.

Results—Cardiac and skeletal muscle myosins decreased R, from 10.8 min to 8.0 min 

(p<0.0001) and 6.9 min (p=0.0007), respectively. There were no effects observed on clot 

propagation (angle) or clot strength (MA) with myosin addition. In the presence of tPA, both 

cardiac and skeletal muscle myosins shortened R from 11.1 min to 8.62 min (p=0.0245) and 7.75 

min (p=0.0027), respectively), with no changes on angle or MA.
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Conclusions—Cardiac and skeletal muscle myosins exhibit procoagulant effects in TEG assays. 

These whole blood TEG results support the hypothesis that cardiac and skeletal muscle myosins 

may be either pro-hemostatic or prothrombotic depending on context.

Introduction

Trauma induced coagulopathy (TIC) is common in severely injured patients and is the 

leading cause of early death in trauma patients(1, 2). Despite its prevalence, the mechanisms 

behind TIC remain elusive. Skeletal muscle myosin promotes thrombosis ex vivo when 

exposed to flowing blood, and in mechanistic studies, myosin enhances thrombin generation 

(3). Thus, myosin may elucidate why tissue injury is procoagulant and serve as a danger 

signal, promoting coagulation and inflammation. In vivo, myosin is known to be elevated 

after tissue injury in animal models(4, 5). While inhibition of skeletal muscle myosin 

reduces thrombin generation in vitro in plasma from trauma patients(3), detecting circulating 

elevated myosin proteins and linking these with viscoelastic measurements remains to be 

described. Collectively, the influences of cardiac or skeletal muscle myosin in whole blood 

on hemostasis are unknown and merit further investigation, as elevations of myosin in 

severely injured patients with TIC may serve as a therapeutic target for myosin-targeted 

inhibitors. The aim of this investigation was to examine the effects of skeletal and cardiac 

muscle myosins on coagulation in vitro using TEG.

Materials and Methods

Blood was collected from healthy volunteers after informed consent (COMIRB 18-0625) 

and citrated native TEGs (TEG) were performed. To evaluate the global coagulation 

response in the presence of skeletal muscle or cardiac myosin, myosin (Cytoskeleton Inc, 

Denver, CO) was solubilized in Tris buffer (0.6M NaCl), diluted in Hepes Buffered Saline 

(HBS) carrier, and then added to whole blood before initiation of TEG at 100 nM final 

concentration based on previous descriptions of peak myosin levels in the blood of acutely 

injured patients(3). TEG measurements with and without myosin were compared with paired 

t-test in R.

Results

Eight healthy volunteers were included (50% male; average age 30.7 years). Cardiac muscle 

myosin shortened time to clot formation (R of 10.8 to 6.9 minutes, p<0.01) (Table 1, Figure 

1). While cardiac muscle myosin was associated with an increase in clot propagation (angle) 

and clot strength (MA), we failed to detect statistically significant differences. Similarly, 

skeletal muscle myosin shortened R time (10.8 to 8.0 minutes, p<0.01), but it had no effect 

on angle or MA (Table 1, Figure 1). There were no differences in response to myosin by sex.

Discussion

These findings indicate that both cardiac and skeletal muscle myosins have procoagulant 

effects, shortening the clotting time in healthy adults. TIC includes a spectrum of 

phenotypes, ranging from the hypocoagulopathic profile of hemorrhagic shock to pathologic 

hypercoagulability associated with tissue injury. It has been suggested that myosins may 
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play a role in hypercoagulability after tissue injury based on skeletal muscle myosin release 

into circulation in small(6) and large(5) animal and human(7) models after severe injury. 

However, a dearth of data exists regarding the effects of skeletal muscle or cardiac myosin 

on coagulation in humans. Deguchi et. al. showed that rabbit skeletal muscle myosin is 

prothrombotic in flowing whole human blood and that it enhances plasma thrombin 

generation, likely due to myosin’s binding of factor Xa and enhancement of prothrombin 

activation(3). Our TEG data confirm that, in human whole blood, both cardiac and skeletal 

muscle myosins accelerate the early amplification phase of clotting in blood, likely due to 

myosin’s ability to enhance thrombin generation by factors Xa and Va. This shortening of R 

time has important clinical translational significance, as a growing body of literature has 

detailed that a shortening of reaction time (by even smaller degrees than revealed in our 

data) can predict thrombotic complications in trauma patients(8).

Anti-myosin antibodies reduce thrombin generation in plasma from trauma patients, 

suggesting myosin may play a role in the hypercoagulable phenotype of trauma(3). While ex 
vivo work suggests a procoagulant role for myosin in normal whole blood, there is a lack of 

knowledge regarding the relationship between elevated circulating myosin levels in trauma 

and hemostatic capacity as assessed by TEG. Thus, this report establishes an important 

foundation for studies of the effects of endogenous cardiac and skeletal muscle myosins on 

coagulation in blood from trauma patients. The data here also suggest that myosin-targeted 

anticoagulants may exert useful effects when myosins provoke excessive thrombin 

generation. Future work will entail mechanistic investigations behind myosin’s procoagulant 

role, as well myosin quantification and inhibition in a large animal model of tissue injury 

and TIC.
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Figure 1. 
Thrombelastographic changes in the presence of cardiac (red) and skeletal muscle myosin 

(green) compared to control (black).

Coleman et al. Page 5

Shock. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coleman et al. Page 6

Table 1.
Changes in coagulation in the presence of cardiac or skeletal myosin (n=8).

Expressed as mean values with standard deviation.

Whole blood + Cardiac myosin p value + Skeletal myosin p value

Reaction time (min) 10.8 (1.9) 6.9 (1.5) <0.01 8.0 (2.6) <0.01

Angle (°) 47.5 (11.8) 48.9 (11.2) 0.79 45.6 (12.5) 0.69

Max amplitude (mm) 58.3 (6.6) 59.9 (6.6) 0.49 60.4 (9.6) 0.39
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