Supplemental results

In the present study “Erythrocyte-derived microparticles supporting activated protein C-mediated regulation of blood coagulation” artificial microparticles released upon stimulation with the ionophore A23187 were used to study the function of APC-mediated regulation of coagulation. Translation of the results to natural occurring eryMPs in vivo require that the characteristics of the A23187-derived MPs also are valid for these MPs. A previous publication by Salzer et. al demonstrated similar characteristics of A23187eryMPs and eryMPs from outdated erythrocyte concentrates (datEryMPs) regarding MPs size, phosphatidylserine exposure and ability to support thrombin generation in plasma [1].  To verify that the results and conclusions obtained by using A23187eryMPs in the present study also can be assigned to natural occurring erythrocyte derived MPs, such MPs were isolated from outdated erythrocyte concentrates, and additional experiments were performed. 

Natural microparticles (datEryMPs) were isolated from outdated (storage time >45 days) erythrocyte concentrates according to the method described by Rubin et. al [2]. The obtained datEryMPs were tested for phosphatidylserine exposure, ability to support thrombin generation in plasma and formation of thrombin and FXa in assays using purified components. Moreover, their ability to support the functions of the activated protein C (APC)-system was investigated.  

Flow cytometry analysis of the datEryMPs showed that phosphatidylserine was exposed, as detected with both lactadherin [3] and annexin V (Fig. S1). The negatively charged surface is a prerequisite for the function of both pro- and anticoagulant processes. In purified systems, the ability of the datEryMPs to support formation of FXa and thrombin in the Xase and prothrombinase complexes was investigated (Fig. S2). Both reactions were supported by datEryMPs, however about the double concentration of MPs was needed to reach maximum, as compared with the A23187-derived MPs. One possible explanation could be that the isolated datEryMPs, although being phosphatidylserine positive, exposed lower surface concentration of phosphatidylserine. Moreover, the protocol for isolation of A23187-derived MPs included an over night ultracentrifugation to increase the yield of MPs, which possibly results in isolation of smaller particles that may not be detected by flow cytometry. It is therefore plausible that the concentration of A23187-derived MPs was underestimated. In order to correct for this, the concentration of datEryMPs was increased in assays where the APC-function in FVa (Fig. S3) and FVIIIa-degradation (Fig. S4) was evaluated. The datEryMPs supported FVa-degradation to the same extent as A23187-derived eryMPs, protein S stimulating the reaction. The remaining FVa-activity at 40 minutes in presence of protein S was 16% using A23187eryMPs and 22% with datEryMPs. Also the FVIIIa-degradation in presence of FV and protein S was equally efficient as using A23187eryMPs, with a remaining activity of about 50% at the highest tested APC-concentration.

The datEryMPs were also titrated in the thrombin generation assay (Fig. S5). In presence of tissue factor (TF) and corn trypsin inhibitor (CTI), increasing concentrations of added datEryMPs resulted in increased thrombin generation and shortening of the lag phase. At the highest tested concentration, the lag phase was approximately 8 minutes, which is longer than obtained with the A23187eryMPs. This could however also be explained by either decreased phosphatidylserine exposure or the shorter ultracentrifugation time, as discussed above. Addition of APC in the thrombin generation assay resulted in dose dependent reduction of the lag phase and inclusion of an anti-protein S antibody suppressed the APC-function (Fig. S6). As with the A23187eryMPs, addition of anti-TFPI antibody resulted in shorter lag phase both in absence and presence of APC. 

Taken together, erythrocyte-derived MPs isolated from outdated erythrocyte concentrates behave like A23187eryMPs, and the results and conclusions described in “Erythrocyte-derived microparticles supporting activated protein C-mediated regulation of blood coagulation” can therefore be considered valid for natural occurring erythrocyte-derived MPs. 
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