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Abstract

Background—~Fluorogenic thrombin generation (TG) assays and turbidity-based fibrin
generation (FG)- and fibrinolysis (FL)-resistance assays have been sought to assess bleeding and
clotting disorders. Theoretically, TG, FG and FL tests should provide overlapping information
because thrombin is responsible for FG and induces protection from FL. The relationships
between TG, FG and FL parameters remain poorly investigated, partly because existing
experimental systems do not permit simultaneous detection of both TG and FG in the same sample
of plasma, and are instead tested in separate experiments.

Objectives and methods—We evaluated the potential benefits of a combined TG/FG/FL assay
by testing responses of normal plasma to a wide range of tissue factor (TF) and tissue plasminogen
activator (tPA) concentrations. Correlations between multiple parameters extracted from the TG
and FG/FL curves were also compared.

Results—Rate of FG correlated well with TG peak height at all TF concentrations, but
correlations between TG and FL parameters depended on the TF concentration. Without
thrombomodulin, all FG/FL parameters at high TF could be predicted from TG parameters and no
FL protection was observed. With thrombomodulin and high TF, TF-dependent FL protection did
not correlate with TF-dependent TG. The fluorogenic thrombin substrate did not interfere with
optical density readings, and meaningful tPA concentrations did not interfere with TG readings.

Conclusions—In normal plasma, TG, FG and FL parameters may provide interchangeable
information. Evaluation of FL-resistance may provide additional data under special assay
conditions, but the value of this information should be studied under disease conditions.
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Introduction

Thrombin generation assays (TGA) and turbidity-based overall hemostasis assays (OHA)
are two global hemostasis methods that are believed to provide a more complete and
balanced view on the hemostasis potential under many situations where traditional assays
fail. The traditional clotting assays Prothrombin Time (PT) and activated Partial
Thromboplastin Time (aPTT) are sensitive to bleeding conditions caused by severe
deficiencies in extrinsic and intrinsic coagulation factors. PT and aPTT are less informative
for moderate bleeding tendencies caused by mild factor deficiencies (1). Traditional tests are
not predictive of prothrombotic tendencies such as those caused by resistance to activated
protein C (2). The action of certain anti- and procoagulant therapies such as direct Factor (F)
Xa inhibitors (3;4) and recombinant FVIla (5) are not reflected by the PT and aPTT tests.

In the TGA literature, the inadequacy of clotting tests PT and aPTT is often explained by the
theoretical observation that clotting happens very early in the TG response, i.e. when only
5% of thrombin is generated (6). Indeed, while TG is measured using a fluorogenic substrate
that is not exhausted over the course of the TGA, FG is measured using fibrinogen which is
quickly exhausted and thus measures only the beginning of TG. Furthermore, it is
hypothesized that endpoint measurements, e.g. clotting time-based assays, are not reflective
of the kinetics of thrombin generation response because peak of thrombin activity (in the
TGA\) is reached about 10 to 15 minutes after clot formation (7). This TGA-centric view,
however, does not appear to be completely justified because strong fibrin clot is a hallmark
of normal hemostasis. In principle, Fibrin Generation (FG) should depend on TG. Indeed,
abnormal TG has been demonstrated to result in altered FG in various prothrombotic and
bleeding coagulopathies (8). Deficient TG in hemophilia leads to formation of weak fibrin
clots with increased permeability (9) and poor resistance to fibrinolysis (FL) (10). Increased
TG leads to dense clots that are resistant to FL (11;12). In clinical laboratory settings, the
importance of FG and FLs observations has long been acknowledged, most notably by the
Blombéck group who proposed the OHA, a method for determining the combined effects of
coagulation and fibrinolysis based on measurement of the area under the FG curve, as a way
to present a global assessment of the hemostasis response (13-16).

Although OHA are speculated to provide better assessment of hemostasis compared to clot-
time tests PT and aPTT, their value compared to TGA remains uncertain. Several recent
studies employed both fluorogenic thrombin substrate and turbidity-based clotting
assessment in an attempt to measure all aspects of the hemostasis response: TG, FG and FL
(16-21). However, these studies did not allow direct side-by-side comparison of the TG and
FG/FL parameters because simultaneous recording of TG, FG and FL was not implemented.
Instead, TG and FG/FL were tested in separate plasma samples under (sometimes, slightly)
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different conditions, e.g., TG tested without FL activators and FG tested without a
fluorogenic substrate for thrombin.

Our study was designed to evaluate the relationships between TG, FG and FL under
identical conditions by observations of all three events simultaneously in the same normal
plasma sample (evaluation of prothrombotic and other disease conditions was outside the
scope of this work). In doing so, we tested two hypotheses: (1) that TG determines FG and
FL, i.e., all parameters of FG and FL can be predicted from the TG parameters; and its
opposite, (2) that FG or FL may provide information that is different from the TGA, i.e., that
some aspects of FG or FL cannot be predicted by the TGA.

In this work we used the simple experiment comprised of normal human plasma spiked with
a wide range of tissue factor (TF) concentrations, representing a model of variable
coagulation response triggered by vessel wall injury of differing intensity, i.e., propensity of
plasma to respond to variable TF stimuli. Increasing TF concentrations induce proportional
increases in thrombin generation, allowing us to accurately titrate the response of FG and FL
to increased TG. However, our studies were limited to normal plasma and therefore they
were not designed to address pathological circumstances (the presence of a direct FXa
inhibitor for example) where the relations between the initiation and the propagation
mechanisms might be different.

Materials and Methods

Materials

Normal pooled plasma (NPP, VisuCon-F® Normal Control Plasma) and affinity-depleted
Factor 1X deficient plasma (FIX-DP) were both obtained from Affinity Biologicals
(Ancaster, Ontario, Canada). The fluorogenic substrate used in the thrombin generation test,
Z-Gly-Gly-Arg-AMC, was from Bachem Americas (King of Prussia, Pennsylvania, USA).
Phospholipid vesicles were obtained from Rossix (Molndal, Sweden). Lipidated human
recombinant tissue factor (TF, Recombiplastin®) was from Instrumentation Laboratory
(Bedford, Massachusetts, USA). Recombinant tissue plasminogen activator (tPA, Cathflo®
Activase®) was from Genentech (South San Francisco, USA). Corn trypsin inhibitor (CTI)
and rabbit thrombomodulin (TM) were from Haematologic Technologies (Essex Junction,
Vermont, USA). Carboxypeptidase inhibitor (CPI) extracted from tubers was from Sigma-
Aldrich (St. Louis, USA). Calcium chloride (CaCly) was from Quality Biologicals
(Gaithersburg, USA).

Automated TG/FG/FL assay

NPP or FIX-DP (50% vol/vol in the final reaction) was mixed with fluorogenic substrate Z-
Gly-Gly-Arg-AMC (1.25% vol/vol, 800 uM final concentration) and Tris-BSA buffer (pH
7.4, Aniara, West Chester, Ohio, USA). Additional reagents including TF to promote
clotting, tPA to induce clot lysis, TM to promote activation of TAFI by thrombin, and CPI to
inhibit TAFla were added to the plasma and the concentration of each varied between
individual experiments; however, the volume of all additions to plasma was kept constant.
Clotting was initiated by transferring the plasma mixture onto a half-area 96-well flat bottom
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plate containing CaCl, (20.0%, 10 mM final concentration) using a 96-channel pipettor
(Hydra Liquid Handling System, Thermo Scientific, Pittsburgh, USA) to allow rapid and
simultaneous recalcification in all wells of a microplate. The flat bottom plate, containing
the activated reaction mixture, was transferred to an Infinite F500 (Tecan, Mannedorf,
Switzerland) microplate reader regulated at 37°C. Fluoresence (380 nm excitation, 430 nm
emission) and absorbance (492 nm) were recorded every 40-50 seconds for at least two
hours.

TG/FG/FL curve processing software

Data processing was performed using a software package designed by Dr. Mikhail Ovanesov
using OriginPro (OriginLab, Northampton, MA; the package is available from us upon
request). The TGA analysis part of this software was described previously (22). The FG/FL
analysis algorithms were developed specifically for this study. The three raw measurements
taken by the instrument were relative fluorescence units (RFU), optical density (OD), and
time. Fluorogenic substrate conversion measured in RFU was used to monitor TG and clot
turbidity measured in OD units was used to monitor FG and FL. All other values were
derived from the aforementioned three measurements via calculations performed by our
software tool. The software is capable of applying different smoothing algorithms during the
conversion of raw fluorescence to the processed TG curve, and computes the final TG curve
parameters, such as area under the curve (TG AUC or ETP), thrombin peak height (TPH),
time to peak (TTP), and lag time (TG Lag T) (Fig. 1). In addition, the software is capable of
converting clot turbidity data to FG/FL curves and computes the FG and FL parameters,
such as Clot Density (maximum OD), FG velocity (maximum FG rate), FL velocity
(minimum FG rate) and time to lysis (time to half Clot Density). Averaging of multiple wells
was performed after processing the TG and FG/FL curves. Although our software can apply
the thrombin calibration and thrombin-a2macroglobulin (a2MG) correction algorithms, to
simplify the analyses and to avoid introduction of potential mathematical artifacts arising
from calibration algorithms, calibration was not performed and thrombin activity was
expressed in RFU/min instead of nM.

Time parameters and power parameters of TG, FG and FL

For the purposes of analyses, all TG and FG/FL curve parameters were divided into two
categories. 7ime parameterswere parameters expressed in minutes, e.g., TTP, TG Lag Time,
Lysis Time, Time to TG Velocity. The remaining parameters were considered as power
parameters. Therefore, time parameters indicate how late or early TG, FL and FL response
happens. Power parameters indicate the strength (power) of the response.

Optimization of the assay reagents concentrations

tPA was serially diluted and added at various concentrations (range: 10-0.03 pg/ml and a 0
ug/ml control well) to the reaction wells. This concentration range was selected since the
majority of clots exposed to tPA concentrations in this range exhibited lysis within the first
50 minutes of data collection. TF was serially diluted in a range from 20 to 0.14 pM (and a 0
pM control well). The TF range’s upper boundary of 20 pM was selected since it produced a
thrombin lag time of 1-2 minutes, which was the minimal time sufficient to transfer the 96-
well plate into the microplate reader and initiate data collection. CPI was tested in wide
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range from 200 to 0.0475 pg/ml. The concentration of TM (6.25 nM) was chosen such that
TG parameters were unaffected but TAFI was activated (data not shown). In some
experiments, contact activation was inhibited by CTI (130 pg/ml).

1. Trends of TG, FG, and FL parameters as a function of TF trigger concentration in normal

plasma

As expected, there was a strong dose-effect of TF concentration on TG, FG, and FL in
normal plasma (Fig. 2A). These trends were observed across all tPA concentrations used
except the lowest (0.03 pug/ml), where a dose-dependent lysis response was not observed
(Figs. 2A and 3). Comparative analysis of various TG, FG, and FL parameters presented in
Fig. 4 shows that increasing TF leads to faster TG, FG and FL time parameters (with the
exception of lysis parameters at 0.03 pg/mL tPA) in normal plasma. Among the power
parameters that characterize magnitude of TG, FG and FL responses, only TPH, TG
Velocity, FG velocity and clot AUC demonstrated strong TF-dependence. In contrast, Clot
Density, FL Velocity and TG AUC were minimally affected by TF concentration (Fig. 4).

2. Correlation between TG assay parameters and FG/FL assay parameters in normal

plasma

To study interconnectedness of TG assay and FG/FL assay parameters in normal plasma, we
plotted correlation graphs between the TPH and TTP and all other various TG, FG and FL
parameters (Supplemental Figs. S1 and S2). These correlations were quantified using
Spearman’s rank correlation coefficient (Table 1 and Supplemental Fig. S3). tPA
concentration did not have effect on correlation pattern of most parameters, e.g., higher TPH
correlated negatively (inversely) with time parameters TG Lag Time and Clot Time and
positively with power parameters TG velocity, TG AUC, FG Velocity, Clot Density and FG
AUC. Lysis Time was inversely correlated with TPH at low and moderate tPA
concentrations, suggesting that increased TG protects clots from lysis.

Under most tPA concentrations, FL-sensitive parameters FL Rate and Clot Density had
correlation coefficients below 0.75 confirming poor agreement with TG parameters TPH or
TTP. All other TG, FG and FL parameters correlated very well with TPH and TTP
(correlation coefficients close to 1.0). Therefore, our subsequent analysis was focused on
TPH, TTP, Lysis Time as representative of the different phenomena and response patterns
observed.

3. Analysis of limitations of the TF-activated TG, FG and FL model in normal plasma

Various artifacts such as competition of natural thrombin substrates (e.g., Factor V, Factor XI
and Antithrombin 111) with the slow fluorogenic substrate Z-GGR-AMC have been
previously suspected to diminish the value of the TGA. Since our assay simultaneously
records coagulation via two independent channels, fluorescence and absorbance, we can
study the effect of substrate on clot formation by observing the absorbance channel with and
without fluorogenic substrate addition. In control experiments we showed that substrate does
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not interfere with FG or FL in our experimental system under most of the TF and tPA
conditions of our experiments (Supplemental Figs. S3 and S4).

The slow thrombin substrate used in the TGA was originally developed for the enzyme tPA,
suggesting that tPA may have an impact on TGA assay. Indeed, TPH was lower at high tPA
(Figs. 2B and 3). We found that this is an artifact caused by increased fluorescence due to
fluorogenic substrate consumption by tPA, resulting in inner filter effect (IFE). An algorithm
for IFE correction (23) has been used successfully to correct for this artifact in a separate
experiment (not shown). The effect was seen only at 10 pg/mL which is not a good condition
for analysis of TG/FL because high tPA causes lysis to occur too quickly. In the most
informative tPA concentration range of 0.03-0.5 pug/ml, substrate depletion was not reached
and IFE artifacts did not require correction for (not shown).

Contact activation is known to cause artificial TG at low TF concentrations (24-28). In our
experiments below 0.3 pM of TF, TPH did not decline as TF declines (Fig. 3B). To test if
that was caused by spontaneous contact activation, we compared TG, FG and FL parameters
with and without CTI, an inhibitor of contact activation. CTI was successful in blocking TG
in the absence of TF (not shown). However, even after the addition of CTI, no dose response
to TF was observed at low TF concentrations, as evidenced by the good correlation of TPH
and TTP in the presence and absence of CTI except at low TF concentrations (not shown).

4. Relationship between TG and FL resistance

Under some conditions of our experiments, FL parameters failed to correlate with TF-
dependent TG enhancement. TG was previously suggested to be responsible for FL
resistance therefore we investigated the mechanisms behind the good or poor correlation of
TG and FL parameters. We considered two previously described mechanisms of FL
protection by elevated TG: formation of denser lysis-resistant clots (11;12) or activation of
TAFI by thrombin (29). To examine the role of TAFI in our experiments, we used TM to
induce TAFI activation and CPI to block TAFIla. Furthermore, we wanted to study
correlations between FL and TPHs covering widest range of values in this experiment. Since
TPH in normal plasma reached saturation at the lowest TPH level, i.e. no dose response to
TF was observed at low TF concentrations, we switched to a plasma with known hypo
coagulation status, Factor 1X-deficient plasma (FIX-DP). In FIX-DP plasma, no TG or FG
was seen in the absence of TF and good dose-response was seen at low TF. The correlations
between TG, FG and FL parameters were generally similar to normal plasma (data not
shown), however, unlike in normal plasma, TPH was approaching saturation at TF > 5.70
pM (supplemental Figs. S6A and S7A).

In FIX-DP, addition of TM (chosen at the lowest concentration that would not inhibit the
thrombin generation) induced protection from FL (Fig. 5 and supplemental Fig. S6) but only
at high TF concentrations. To confirm the role of TAFI in lysis protection, we used a specific
inhibitor, CPI, taken at a concentration that inhibited lysis without changing TG or FG (Fig.
6 and supplemental Fig. S7). CPI blocked lysis protection only at high concentrations of TF;
lysis protection at low TF remained unchanged with or without CPI (supplemental Fig. S7).
This indicates that the observed lysis protection in FIX-DP is TAFI-dependent rather than
resulting directly from TG-mediated clot density.
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Discussion

Our study is the first to systematically investigate the correlation between TG, FG and FL
parameters determined simultaneously in the same set of normal plasma samples.
Simultaneous detection allowed us to show that, within our experimental model, correlation
or lack of it between TG, FG and FL parameters is dependent on TF and tPA concentrations.
Our studies were intentionally simple in design: we studied TF titration only because we
wanted to compare the relationship between different parameters under a well-control
trigger-dependent dose-response condition. At low TF, TG determined FG and FL, i.e., all
parameters of FG and FL can be predicted from the TG parameters. At high TF, FL provided
information that was different from the TG. It is worthy to note that FG parameters
correlated remarkably well with the staple TG parameters, TPH and TTP (Table 1). This
conclusion contrasts with the common notion that TG is more informative than FG simply
because clotting happens earlier. We have found strong correlations within and between TG
and FG parameters. At a first glance, this may appear that analyzing a single TG or FG
parameter may serve as a proxy for all others. However, our experiments were restricted to
normal plasma, suggesting caution against extending the conclusion to abnormal plasmas.
Further studies using plasmas from bleeding or prothrombotic patients and various assay
conditions may show that this is not always the case.

FL trends did not always track TG or FG, unlike the correlations between TG and FG. At
high tPA concentrations lysis time closely tracked parameters such as TG lag time and clot
time; however, this could be because FL is activated as quickly as it can under high tPA
assay conditions — as lysis time cannot precede clot time, these parameters would correlate
even if there are no lysis-specific elements contributing to this trend. FL may be activated
before clots are fully formed, resulting in reported TG and FG parameters not reflecting the
sample’s intrinsic coaguability or TG potential; however, this might not affect observations
within the time resolution of our assay.

Increased TG is thought to protect against FL through production of fast-polymerizing fibrin
and thus denser or stronger clots, and, when coupled with TM, activation of thrombin-
activated fibrinolysis inhibitor (TAFI). The time sequence of TG, FG and FL is determined
by the biochemistry of these reactions and is fairly well reproducible /in vitro, e.g. time to
thrombin peak is always found after clot time, while lysis time may be much later than both.
Therefore, at the time lysis would be occurring, thrombin levels may have already fallen to
the baseline, suggesting that protection from lysis at this point is not due to direct
involvement of thrombin. This is not to say that lysis time does not depend on TG. We did
observe a TF-dependent protection against FL at high TF concentrations. This protection
was eliminated when an inhibitor of TAFla was added to the assay, indicating that protection
acts through TG. However, the concentrations of TF where this was observed were beyond
the range where there was a TF dose-dependent increase in TG as measured both by peak
height (supplemental Figs. S6 and S7) and peak time (not shown). This observation shows
that the effects of thrombin persist beyond the TG peak as measured by our assay. Whether
this is additional TG or additional activation of proteins activated by thrombin remains to be
determined. Nevertheless, FL in the presence of tPA and TM may exhibit phenomena not
seen by TG. In theory, observation of FL in conjunction with TG may extend the range of
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conditions observable by the global hemostasis assay. The differing FL trends between high
and low TF concentrations may also reflect the threshold nature of TG- and TAFI-dependent
protection from FL.

Robustness of recorded parameters is essential for the practical utility of the assay. So far
clot time, lysis time and FG AUC are the only FG/FL parameters we have found to be
robust. However, further examination of other FG/FL parameters may reveal phenomena not
apparent from clot time or lysis time. Instrumentation may present limitations too. Under
most assay conditions in our assays, FG happens so quickly that the majority of the increase
in absorbance occurs within one reading cycle of the instrument. If FL is occurring before
clot formation is complete, clot time will not detect this due to the limited time resolution of
our assay. Only peak absorbance and peak absorbance time, not clot time, sometimes appear
to be deflected by possible early lysis seen under high tPA conditions. However, these
parameters vary between donor plasmas and between runs and sometimes between duplicate
wells (data not shown).

Previously, it has been argued that fluorogenic substrate ZGGR-AMC may interfere with
coagulation response because substrate interacts with the many enzymes that protect
thrombin from inhibition (30). Combined testing of TG and FG allowed us to test this
hypothesis. Otherwise identical conditions run in the presence or absence of the synthetic
thrombin substrate show essentially the same FG and FL response over a broad range of TF
concentrations. Our findings, in addition to Hemker and de Smedt’s 2007 study using a
range of Z-GGR-AMC concentrations (31), show that the effect of the presence of this
thrombin substrate on TG, FG, and FL responses is minimal. tPA also cleaves Z-GGR-
AMC, but its concentration can be optimized so it does not affect TG while inducing a
meaningful level of FL.

While the experiments in this paper are potentially limited because they cover one means of
TG activation in two plasmas (normal pooled or Factor IX-deficient), our present study
suggests that under some conditions, a single parameter derived from either TG, FG or,
possibly, FL assay may serve as predictive readout of a global hemostasis assay. On the
other hand, careful selection of assay conditions is needed to increase assay’s sensitivity to
different known phenomena. For example, effects of TAFl on FL, TFon TG, TG on FL, TM
on TG and TM on FL could be observed under narrow concentration ranges of assay
reagents, and the corresponding ranges were oftentimes mutually exclusive. This suggests
that a single standardized assay condition, however well optimized, would not possibly
cover all known reactions collectively known as global hemostasis. As a result, it should be
noted that the current assay may not accurately model the conditions of some thrombotic
disorders. Since the results presented in this paper were obtained from normal pooled
plasma and affinity-depleted Factor 1X deficient plasma, they may have limited validity
under pathological conditions that cannot be accurately modeled by these two plasma types.

An alternative to a single global hemostasis assay can be an assay in which multiple assay
conditions are tested in parallel, as modeled by the TF and tPA titrations in our study. The
simplicity of the TG/FG/FL assay allows analysis of samples at high throughput in a
microplate format using nonproprietary commercially available equipment (22). This allows
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to detect trends within and between plasma types with ample controls to rule out the bias
run-to-run variations. Future studies in relevant pathological patient populations are
eded to reveal how prognostic, if at all, a combined fluorogenic TGA and clot turbidity-

based FG/FL assay can be to clinical outcomes compared to existing assay systems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Thrombin generation, clotting and fibrinolysis were measured simultaneously

Correlation between assay parameters was studied at different tissue factor
levels

In normal plasma, thrombin and clotting parameters are interchangeable
Fibrinolysis may provide additional data under special assay conditions

The value of this information remains to be studied under disease circumstances
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Figure 1. Parameters used for TG curve and FG/FL curve quantification in this paper
Parameters quantifying TG, FG, and FL are calculated from the raw fluorescence and

absorbance curves and their derivatives. Times and magnitudes where the TG (change in
fluorescence over time) and FG/FL (absorbance with respect to time) curves rise from their
baselines, reach their maxima, and for FL, fall back toward the starting baseline are analyzed
for their response to different TF and tPA concentrations, as are the areas under the TG and
FG/FL curves.
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Figure 2. TF- and tPA-dependent TG, FG and FL in normal plasma
A. TF-dependent TG (a—b) and FG and FL (c—d) at multiple TF concentrations and single

tPA concentration. Increase in TF results in higher thrombin peaks, higher TG velocity
peaks, and decreased thrombin lag time (TG parameters). Increased TF also results in
greater peak clot density and greater peak clotting velocity, and decreased clot time. Curves
were generated from experimental data (n = 3) in normal pooled plasma with 0.13 pg/ml tPA
and 0 or 0.14-20 pM TF. B. TF-dependent thrombin generation and fibrin generation and
lysis at multiple tPA concentrations and single TF concentration. tPA has no effect on
thrombin generation (a) but induces faster lysis with increasing concentration (b). Normal
pooled plasma activated with 0.71 pM TF and 0 or 0.03-10 pg/ml tPA was used to induce
clot lysis. Curves and shaded areas around the curve depict average values and S.D.,
respectively, for three independent experiments.
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Figure 3. Effect of TF and tPA on primary TG, FG and FL parameters in normal plasma
Only lysis time at low tPA concentrations does not correlate with TF; all other conditions

and parameters show strong dose-dependent effects with TF concentration.
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Figure 4. Similarity of trends for 15 different TG/FG/FL parameters at low and medium tPA
concentrations in normal plasma

Experiments in normal plasma (n = 3) without TM, CT]I, or CPI. TF range spanned from
0.14-20 pM; concentration of tPA was either 0.03 pg/ml (A) or 0.54 ug/ml (B). Power
parameters are shown relative to their values at 20 pM TF.
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Figure 5. Regulation of clot lysis by TM-dependent activation of TAFI in FIX-DP
TM promotes inhibition of FL. (A) TG curves demonstrate negligible effect of TM on TG.

Black curves: TM, 6.25 nM. Red curves: no TM. (B) FG/FL in the presence of TM (black)
are more resilient to lysis than clots in the absence of TM (red). (B) Experiments were
performed in FIX-DP supplemented with 0.15 pg/ml tPA, 130 pg/ml CTI, and 0 or 6.25
ug/ml TM. Means and S.D. (2 wells) is shown. Note that lysis resistance in the presence of
TM occurs at TF concentrations where TG parameters are constant, see supplemental Fig.

S6.
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Figure 6. Regulation of clot lysis by TAFI in FIX-DP
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Fibrin Generation and Lysis
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CPI, an inhibitor of TAFIla, promotes FL. (A) The effect of CPI on TG is minimal. (B) Fibrin
clots in the presence of CPI (black) lyse more quickly than clots in the absence of CPI (red).
Experiments were performed in FIX-DP supplemented with 0.15 pug/ml tPA, 130 pg/ml CTI,
0 or 1.16 ug/ml CPI, and 6.25 nM TM. Note that CPI effects on lysis resistance happen at
TF concentrations where TG parameters are largely unchanging; see supplemental Fig. S7.

Thromb Res. Author manuscript; available in PMC 2017 April 01.



Page 18

Xinetal.

(T'0) 29°0- (To) 120 | (-997)s60 | (T0)290 (0oot (0oot (7-29'8) €60 (0oot (7-09'8) €6°0- | lw/brigee
(7-09'8) €6'0- | (#-9977) 560 | (5-8€€)86°0 | (€0) OV'0O- (0) 00T (0001 (5-0e°¢) 86°0- (0) 00'T (7-09'8) £6°0— | 1w/Br ¥50
(7-99'2) 560~ (0 oot (z1'0) 09°0 (0) T8°0- (0oot (0oot (5-0¢°€) 86°0- (0oot (7-09'8) £6°0— | IW/BM€T0
(5-0€7€) 86'0- | (#-0977) 560 | (250)v20 (0) 98°0- (0) 00T (5-2e€) 860 (5-0e°¢) 86°0- (0) 00'T (0) €8°0- Jw/6r €0°0

‘Vd}
onvy o4 awnsisk | Awoopa1d | Aususpiold | swi oD | ANoojeA O 03 swiL 2NV 9L awnbejol | Ausopaol
sJa1aweded 14 sJalaweded o4 sla1aweded 91 SAd11
(T°0) 090 (0) 180 (90) 120 (T'0) ¥9'0- (0) 06°0- (0) 180 (0) 06°0 (5-0¢7€) 86'0- | (S-0€'€) 860 | Iw/brigee
(0) €80 (z'0) 8¥0- (T'0) ¥9'0- (70) 80 | (5-0c°€) 86°0- (0) 060 (5-0e€) 86'0 | (#-99'8) €60 (o0t Jw/Br 450
(0060 | (5-se€)860- | (T°0) 120 (ORI (7-99'8) £6'0- (0) 880 (7-99'2) G6'0 | (S-0€°€) 86°0- (0) 06°0 Jw/bri €1°0
(0) 880 (0) 06°0- (5-0e°€) 86°0 (0) 060 (5-0e°¢) 86°0- (0) 060 (0) 880 (0) 06°0- (5-e€7€) 86'0 | Iw/Bri €00
'Vd}
onv o4 awn sisA AwoopA 14 | Aususpio|d awin 1010 Awoopan o4 oNnv 91 swnbejol | AwoopADL
si918weded 14 sJa1eweded o4 sia1sweded o | 'SA HdL

"3N[g Ul UMOUYS aJe SUoI1e[a1102 aAITeBaN “(uone]allod [asiaAul] annebau = T— (UoNe|a1109 aAIIsod = T+) UOIR|24I00 Ja11ag MOYS
T 01 18S0J9 SaNJeA 3INJOSCR YIIM S1USI14809 UoITR|a.1i0)) “101oe) aduedliubis sa1ealpul sisayiuated ul JaquinN "(3]gel 8yl JO Jjey Jamo] ‘d1 1) dead ulquiosyl
03 aw1} pue (3)qe1 8y Jo ued doy ‘Hd1) Wbiay Mead uiquioly) 0} 10adsal yim sisiawieled Jamod pue awin Yylog 4oy JUsIdIL809 UOIR[81I02 MUkl S, uewieads

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

ewse|d [ew.ou ui uoire|nBeod pareAndse-4] J1oj sislsweded 4 pue 94 ‘O] Bulurewal pue 41 1 10 Hd1 Usamiad SIuaidllaod uoie[alio)

Thromb Res. Author manuscript; available in PMC 2017 April 01.



