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Abstract

Objectives: Monoclonal gammopathies frequently associate
with hemostatic alterations. Thrombotic events occur with
high incidence particularly upon treatment, while in rarer
cases hemorrhagic diathesis can be observed. The pathology
of these tendencies could be caused by thrombocytopenia or
hyperviscosity burden of circulating monoclonal antibodies.
Studies also suggest interference of monoclonal antibodies
with primary hemostasis. We isolated monoclonal whole IgG
paraproteins from two myeloma patients to observe their
effect on thrombin formation and fibrin polymerization.
Methods: Monoclonal whole IgG was prepared from sera of
two newly diagnosed untreated multiple myeloma patients
and control normal plasma samples. Fibrin formation was
measured using thrombin time and dilute prothrombin time
tests and thrombin formation was detected with a fluori-
metric thrombin generation assay. In addition, molecular
interactions were investigated by surface plasmon reso-
nance (SPR).

Results: Thrombin time was prolonged upon addition of
monoclonal IgG even at 30 g/L by 12 %, increasing up to 36 %
at 60g/L concentration. Dilute prothrombin time was
prolonged by 20 % even at 30 g/L. Thrombin generation
assay indicated an impairment in thrombin formation at
the presence of monoclonal IgG compared to polyclonal at
equivalent concentration. By an SPR assay we determined
that both clonality IgG preparations interacted with
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fibrinogen, however interaction with human thrombin
was only detected with monoclonal immunoglobulins
(Kp=1.03 x 107 M).

Conclusions: Here we provide evidence that isolated
monoclonal whole IgG from myeloma patients can impair
both fibrin and thrombin formation and we demonstrate by
SPR assay that it interacts with components of the final phase
of the coagulation system.

Keywords: multiple myeloma; monoclonal IgG; thrombin;
fibrinogen

Introduction

Patients diagnosed with monoclonal gammopathies are
prone to develop hemostatic alterations.

Although most of these can only be observed in a
developed full-blown disease like myeloma, some patholog-
ical hemostatic alterations have also been described in its
precursor state the monoclonal gammopathy of undeter-
mined significance (MGUS). Hemostatic changes are best
exemplified by the higher incidence of thrombotic events in
untreated myeloma patients [1-5], that further increases
upon treatment with immunomodulatory drugs. Even
though, 15 % of myeloma patients may also exhibit bleeding
symptoms. One trivial cause for this could be the anemia and
thrombocytopenia observed in these patients, as red blood
cells and platelets can provide the physiological surface for
the assembly of coagulation factor complexes. Another
potential cause for the bleeding symptoms are the defects
in primary hemostasis [6]. Regarding the coagulation phase
impairments in myeloma, one study investigating a large
number of patients observed a clear prognostic role of
prolongations in prothrombin time (PT) and activated
partial thromboplastin time (APTT) in newly diagnosed
patients [7]. In addition to these generally used screening
tests there are studies that demonstrate that the presence
of paraproteins interfere with the thrombin time assay that
sometimes results in an unmeasurably long thrombin time
[8, 9]. Most authors agreed upon that these prolongation
effects are mere measurement interferences as the patients
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did not have any bleeding tendency even with very long
thrombin times [10]. There is no consensus however on
what may cause these prolongations in clotting times.
Some authors concluded that it is unrelated to the amount
of paraproteins but rather related to the presence of free
light chains [6].

In our experiments we hypothesized that the
monoclonal whole IgG paraprotein is capable of interacting
with the coagulation system and thus can exert an inhibitory
effect. To investigate these effects, we isolated monoclonal
IgG from two myeloma patients and used these preparations
to spike normal pool plasma samples to investigate fibrin
and thrombin formation, and the results were compared
to data obtained after adding equivalent amounts of iso-
lated polyclonal pooled IgG. To identify interactions of the
coagulation proteins and quantify their binding affinities,
surface plasmon resonance studies were carried out to
observe that monoclonal IgG molecules, unlike polyclonal
IgG, interacts with human thrombin and this impairs both
fibrin and thrombin formation in human plasma.

Materials and methods
Immunoglobulin isolation

Immunoglobulin purification was carried out by affinity chromatog-
raphy method described previously [11]. Citrated blood samples were
first centrifuged (1,500 g, 15 min, room temperature) and the superna-
tants were collected and were frozen and stored at —20 °C until the
purification process. Plasma samples were diluted by a fivefold volume
binding buffer 20 mM sodium phosphate, pH 7.0 before the application
to the chromatography column (HiTrap™ Protein G HP [5mL], GE
Healthcare Uppsala, Sweden) with a peristaltic pump. After washing the
column to clear residual proteins, elution buffer (0.1 M glycine pH 2.7)
was used to create aliquots preloaded with neutralizing buffer (1 M Tris
PH 9.0) to create a neutral solution. Collected sample was dialyzed three
times against 1x PBS, pH 7.0. Ultrafiltration was done by (Amicon® Ultra
100K) centrifugal filter device (4,000 g, 15 min, room temperature). The
final IgG concentration of our stock was 400 g/L. Our method resulted in
a yield of 95 % of IgG purified from sample plasma. The purity from
residual proteins was confirmed by electrophoresis.

Thrombin time

Thrombin time was measured by ST4 hemostasis analyzer (Stago
International S.C.A., Asniéres sur Seine Cedex, France). Previously
described isolated immunoglobulins were diluted in normal pool
plasma in a ratio of 1:4, at the final concentration of 30 and 60 g/L.
According to manufacturer’s instruction 50 uL of sample was diluted
with 50 uL of Owren’s buffer and incubated for 30 min. Human
thrombin reagent was used at a concentration of 3 NIH units/mL
(Sigma Aldrich, Thrombin from Human plasma, T7009). Measurements
were done in quadruplicates to ensure consistency.
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Dilute prothrombin time

Dilute prothrombin time was measured using BCS® XP System he-
mostasis analyzer (Siemens Healthineers AG, Forchheim, Germany).
Previously described isolated immunoglobulins were diluted in
normal pool plasma in a ratio of 1:4, at a final concentration of 30
and 60 g/L. Preincubation was performed at 37 °C for 30 min. Fifty pL
of samples were added to 50 pL of 50x and 500x prediluted human
recombinant tissue factor (Dade™ Innovin™ PT Reagent, Siemens
Healthineers). Initiation of clotting was achieved by adding 50 pL
20 mmol/L CaCl,. Measurements were repeated four times to ensure
precision.

Thrombin generation assay

Thrombin generation was measured by the calibrated automated
thrombogram (CAT) method (Fluoroskan Ascent FL fluorimeter,
Thrombinoscope BV, Maastricht, The Netherlands). Twenty uL of the
reagent (1pM recombinant tissue factor, 4uM phospholipid) and
thrombin calibrator (Thrombinoscope BV, Maastricht, Netherlands)
were pipetted into the wells of a 96-well plate, to which was added 80 uL
of normal platelet poor plasma containing 30 g/L of isolated immun-
globulins. The control consisted of normal platelet poor plasma diluted
with PBS with corresponding volume to match the composition of
samples with isolated IgG. Incubation was performed at 37 °C for 30 min.
Thrombin generation was started by dispensation of 20 pL of FluCa-Kit
including 100 mmol/L CaCl, and Z-Gly-Gly-Arg AMC (Thrombinoscope
BV, Maastricht, Netherlands) into each well. Measurement time was 1 h.
Thrombin generation measurements have been repeated to demon-
strate reproducibility (n=3). Thrombinoscope software (Thrombino-
scope BV, Maastricht, Netherlands) was used to calculate thrombin
activity over time. The analyzed parameters were lagtime, endogenous
thrombin potential (ETP), thrombin peak, time to peak and velocity
index.

Surface plasmon resonance (SPR)

SPR assay was performed on a Biacore X instrument (GE Healthcare,
Uppsala, Sweden). Ligands of the experiment was obtained as
described earlier by affinity chromatography. The SPR sensor chip
(CMD 500, XanTec bioanalytics GmbH, Duesseldorf, Germany)
covered by a 500 nm normal matrix carboxymethyl dextran hydrogel
coating was used and immobilization process was performed
according to manufacturer’s instruction. Activation of the chip was
done with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
and N-hydroxysuccinimide (NHS) with the ratio of 1:1. Separated
immunoglobulins were diluted in sodium-acetate (10 nM, pH 8.0)
before immobilization. Excess NHS groups were deactivated with
ethanolamine. Human thrombin (Sigma Aldrich, Thrombin from
Human plasma, T7009) analyte with different concentrations
(100, 200, 300, 500, 1,000 nM) was injected into the microflow chamber
with running buffer HBS (10 mM HEPES, pH: 7.4, 150 mM NacCl,
50% (v/v) glycerol) with a flow rate of 10 uL/min at 37°C during
measurements. Regeneration between measurements was achieved
with running 70 % (v/v) glycerol. Evaluation process was performed
by BIAevaluation software (GE Healthcare, Uppsala, Sweden).
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Results
Hemostasis parameters of patients

We investigated 10 de novo and untreated patients all with
IgG type multiple myeloma, who all had elevated total
protein and monoclonal IgG with variable kappa or lambda
light chains (data not shown). Patients have not received
anticoagulant, antiplatelet or antimyeloma treatment at
the time of sampling. Although the mean values of the
coagulation screening tests were all within the reference
range, in case of three patients the thrombin time value
reached or exceeded the upper reference limit. It is
important to emphasize that prolonged thrombin time tests
were not normalized in the presence of polybrene so they
were not caused by an endogenous heparin-like activity.
Regarding activated partial thrombin time and prothrombin
time our samples were within reference range (Table 1).

Effect of immunoglobulins on thrombin time

Out of the three patients with prolonged thrombin time
in two cases the IgG was isolated and its effects was
investigated in functional assays. Thrombin time of a control
plasma in the presence of isolated monoclonal immuno-

globulin were prolonged and dependent on the
Table 1: Clinical laboratory parameters of patient samples.

Patient A Patient B Reference

range

Total protein, g/L 114 139 60-80
IgG, g/L 85.7 100.1 7.0-16.0
IgA, g/L <0.5 <0.5 0.7-4.0
IgM, g/L <0.25 <0.25 0.4-23
Monoclonal component, g/L 61.9 833
B2 microglobulin, mg/L 7.1 9.21 1.09-2.53
Light chain kappa, mg/L 16.8 2,000 3.3-19.4
Light chain lambda, mg/L 240 7.67 5.71-26.3
Serum light chain ratio 0.07 260.8 0.26-1.65
Prothrombin time, s 10.3 11.9 8-12
Activated partial thromboplastin 321 29.2 28-37
time, s
Thrombin time, s 24 314 16-24
Fibrinogen, g/L 2.06 3.77 1.5-4.0
Factor II activity, % 74 94 70-120
Factor V activity, % 109 62 70-120
Factor VII activity, % 72 60 70-130
Factor VIII activity, % 378 438 60-150
Factor X activity, % 81 84 70-120
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concentration of paraprotein. Control polyclonal immuno-
globulins at 30 g/L. had thrombin time of 20.7 s while para-
proteins at 30 g/L had thrombin time of 23.3s and 23.1
respectively. Furthermore, immunoglobulin concentration
of 60 g/L demonstrated even longer thrombin times. In the
presence of control polyclonal immunoglobulin the
thrombin time was 21.6 s contrasting the thrombin time of
24.2 and 29.4 s in the presence of isolated myeloma proteins.
This meant that thrombin times were prolonged by 9.6 and
12.3 % even at the concentration of 30 g/L, whereas at 60 g/L
concentration of monoclonal IgG caused 11.9 and 36.2 %
prolongation in thrombin time compared to plasmas con-
taining equivalent amount of polyclonal immunoglobulins
(Figure 1A).

Effect of immunoglobulins on dilute
prothrombin time

Our control whole IgG with 50x diluted prothrombin time was
25.3 s at 30 g/L and 25.7 s at 60 g/L. Myeloma proteins caused an
increase to 28.3 and 31.7 s even at 30 g/L. A similar tendency
was observed with monoclonal IgG present at 60 g/L as 29.3
and 31.8s were measured in the two spiked samples. Mea-
surements were also carried out with 500x diluted thrombo-
plastin reagent, which suggested corresponding prolongation
upon introduction of monoclonal paraproteins. In summary
dilute prothrombin time was prolonged by monoclonal
protein 10.6-20.2% compared to control healthy protein
depending on investigated concentrations (Figure 1B).

Effect of isolated IgG on plasma thrombin
generation assay

Introduction of IgG to thrombin generation assay at the
concentration of 30 g/L despite the clonality, have resulted
in an increased thrombotic state (Figure 2). Presence of IgG
decreased lagtime by 18-22 % and time to peak by 28-35 %.
However, the presence of a monoclonal immunoglobulin
mitigated thrombin generation compared to polyclonal
immunoglobulins. Endogenous thrombin potential was
decreased by 15-21% and peak thrombin was reduced
from 285 nM by 24 and 22 % in the presence of monoclonal
proteins compared to plasmas containing equivalent
amount of polyclonal IgG. The velocity index - that
integrates quantity and time parameters — showed
considerable decrease as it was by 19 and 33 % lower when
monoclonal IgG was added (Table 2). Notably monoclonal
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Figure 1: The effect ofimmunoglobulins on thrombin time and dilute prothrombin time results thrombin time after the addition of isolated monoclonal
(Patient A and B) and polyclonal immunoglobulins (Control) in control pooled plasma (A). Prothrombin time results obtained with 50x diluted
recombinant tissue factor reagent (B) after the addition of isolated monoclonal (Patient A and B) and polyclonal (Control) immunoglobulins.
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Figure 2: Thrombin generation curves upon addition of isolated
immunoglobulins the thrombin generation curves show the attenuation
of thrombin generation after the isolated paraproteins were added to
control platelet-poor plasma at a final concentration of 30 g/L.

Table 2: Thrombin generation assay results Effects of monoclonal and
control whole IgG at concentration of 30 g/L on velocity and quantity of
thrombin generation. Results of three replicate measurements.

Average + SD Control Polyclonal PatientA  Patient B
Lagtime, min 50+0 39+02 3918 41+0.2
ETP, nM x min 1,102 £ 147 1,338+46 1,051+49 1,136+ 174
Peak, nM 128+26 285+ 14 222+7 216 £ 24
ttPeak, min 9.7+03 64+02 63+0 7.0+03
Vel index, nM/min 27+7 112+13 91+7 75+13

IgG at this pathological plasma concentration of 30 g/L is
still in a prothrombotic state compared to control plasma,
but the impairment of thrombin generation in contrast to
polyclonal IgG is evident.

Binding characteristics of paraproteins to
human thrombin and fibrinogens

We hypothesize that these interfering effects with fibrin
and thrombin formation can be demonstrated by a bind-
ing technique using non-labeled technology as this would
not alter the binding characteristic of the investigated
ligands. Polyclonal immunoglobulins isolated from
healthy controls showed no interaction with human
thrombin at the concentration of 100, 200 and 1,000 nM
(Figure 3A), contrary to immunoglobulins separated from
monoclonal gammopathies. Paraprotein interaction
with human thrombin at concentrations of 300-1,000 nM
resulted in equilibrium dissociation constants,
Kp=1.03 x 107’M and Kp=1.67 x 10’M respectively
(Figure 3B, Table 3).

We also studied the binding characteristics of mono-
clonal and polyclonal IgG to the different forms of human
fibrinogen. Human plasma fibrinogen composes mostly of
the fraction that contains gamma A/gamma A subunits and
this encompasses 85 % of the plasma fibrinogen (Peak 1)
while another fraction contains gamma A/gamma‘ subunits
and this is the fraction that is bound to the circulating
coagulation factor XIII (Peak 2) [12]. A neglectable amount
(0.5 %) contains gamma’/gamma’ chains only. We studied
the binding of polyclonal and monoclonal IgG to Peak 1 and
Peak 2 of the fibrinogen molecule (Figure 3C, D) and the
following binding characteristics were measured (Table 3).
As can be seen in case of Peak 1 and Peak 2 fibrinogen
bound to mono- and polyclonal IgG with similarly high
affinity (Kp 1075).
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Figure 3: Surface plasmon resonance results of isolated immunoglobulins effect on thrombin with polyclonal IgG, monoclonal IgG, fibrinogen with
polyclonal IgG and monoclonal IgG on the vertical axis response unit and on horizontal axis time in seconds are displayed. No interaction of isolated
polyclonal immunoglobulin with human thrombin was recorded at various thrombin concentrations (A). Evident interaction was observed of isolated
monoclonal immunoglobulin with human thrombin at different concentrations for patient A (B). Interaction of isolated immunoglobulin with fibrinogen
at various concentrations. Binding of polyclonal IgG (C), and that of monoclonal IgG from patient A (D) were observed.

Table 3: Surface plasmon resonance calculated constants Thrombin in-
terferes only with monoclonal IgG. Fibrinogen displays binding to both
monoclonal and polyclonal IgG with similar affinity.

Ko (M) K, (1/Ms) kq (1/5)
“Patient A” IgG to thrombin ~ 1.03x 107  1.59x10* 1.22x 1073
“Patient B” IgG to thrombin ~ 1.67 x 107 8.19x10° 1.18x 1073
“Patient A” IgG to fibrinogen  3.08 x 10 2.06 x 10°  4.09 x 107
Control IgG to fibrinogen 505%x10%  1.71x10* 745x10™

Discussion

In a recent study authors investigated thrombin generation
in whole blood in multiple myeloma patients [13]. Similarly,
to our study done on plasma samples of myeloma patients
they observed an enhanced thrombin formation as
measured by the ETP values. However, they also observed
that thrombin formation was delayed, that resulted in the
prolongation of lag time and time to peak parameters. These
results reflect a dishalanced hemostasis that is indicative
for both hypo- and hypercoagulable state [13]. Similarly in

a more recent study we have also observed enhanced
thrombin generation in myeloma cases and we also
described that multiple myeloma cases are resistant to the
effect of activated protein C unlike MGUS cases or healthy
controls [1]. In addition to the literature on enhanced
thrombin generation there were also observations on pro-
longation of clotting times in multiple myeloma cases [8, 9].
Some authors previously described an association with
elevated monoclonal IgG and prothrombin time [14]. Our 10
patients had a significant correlation of monoclonal
component and prothrombin time (p=0.027), suggesting an
impairment in fibrin formation. In order to clarify the cause
of these prolongations we isolated IgG from two myeloma
cases and studied their effect in coagulation tests and on
thrombin formation. We have observed that fibrin forma-
tion — as detected in different types of clotting assays — were
prolonged 9.6-36.2% upon addition of monoclonal IgG
to control plasma. The dilute PT test proved to be more
sensitive at both applied dilutions as here considerable
prolongation was observed already at 30 g/L IgG concen-
tration that is the upper reference limit that is also observed
in MGUS. Previous studies have indicated that the reduction
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in the concentration of agonist to 1 pM tissue factor and 4 pM
phospholipid in thrombin generation improved sensitivity
for modulators [1, 15]. The thrombin generation assay using
this method was also quite sensitive in the detection of
this impairment in thrombin formation as at 30 g/L final
concentration of the monoclonal IgG the speed of thrombin
formation (velocity index) values were impaired by 19 and
33%. These values correlated with the thrombin times
measured in the patients’ plasma as the larger effect on
thrombin generation assay also resulted in a longer
thrombin time in the patient. Although the two isolated IgG
preparations elicited considerably different impairment in
thrombin formation, their binding affinity to thrombin was
in a similar range. Thrombin generation also highlighted
the prothrombotic state of the pathological plasma IgG
concentration of 30 g/L. This effect could correlate with
publications describing thromboembolic events upon
administering intravenous IgG [16].

In case of thrombin binding to polyclonal IgG resulted in
no SPR binding signal. Nevertheless, we found that fibrin-
ogen established a strong interaction with the normal IgG.
These results are in accordance with previously published
data when Boehm and coworkers have observed that
fibrinogen specifically binds to IgG and IgA but not to IgM
antibodies and this interaction is substantiated via the Fab
and Fc portions of the heavy chain, although the strength of
the binding via the heavy chain Fc portion is considerably
stronger. It was also demonstrated that this binding alters
the binding ability of the IgG as at high fibrinogen concen-
tration these antibodies may bind roughly twice as much
fibrinogen and this can alter the composition of the fibrin-
ogen aggregates [17, 18].

Then binding affinities of fibrinogen with polyclonal
and monoclonal IgG were compared and we found that
normal polyclonal IgG and monoclonal IgG strongly binds in
similar magnitude to fibrinogen (K 10~®). As most myeloma
patients display an elevated fibrinogen level, these
observations may have implications in the formation of
thrombotic and bleeding complications as observed in
myeloma patients [19]. Furthermore, we have investigated
separately the portion of the fibrinogen that binds coagula-
tion factor XIII and designated as Peak 2. We have observed
that the binding affinities with monoclonal and polyclonal
IgG are in similar range (Kp=10"%). Multiple myeloma and its
precursor state MGUS exemplifies clinical entities that
interact with the hemostatic system via several potential
mechanisms. The inhibitory effect of isolated monoclonal
whole IgG on fibrin and thrombin formation does not
contradict the observations of the enhanced thrombin
formation in multiple myeloma. The cause of the enhanced
procoagulant activity is mostly related to a pronounced
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cellular hypercoagulability elicited by the phosphatidylser-
ine exposing cells [20] with simultaneous endothelial cell
activation [21] and the important role of procoagulant
phospholipid and tissue factor bearing microvesicles has
also been demonstrated [22]. Our study has some limitations.
It is an observational experimental study on only two
isolated monoclonal IgGs that does not allow statistical
evaluation of the results. Nevertheless, the observed effects
in both fibrin and thrombin formation are substantial and
the three different functional studies provided concordant
results on the interaction of monoclonal IgG with thrombin
and fibrin formation.

Venous thromboembolism remains a dreadful compli-
cation in multiple myeloma, with an increased rate dur-
ing antimyeloma treatment [23]. Moreover appropriate
prophylaxis for this complication still remains a matter of
debate [24] and the mechanisms behind this complication is
yet to be fully understood. A comprehensive understanding
of the pathomechanism is essential for management and
prevention of hemostasis complications in monoclonal
gammopathies [25]. In this report we describe a phenome-
non in paraproteinemias, that so far have not bheen
published. It is also important to emphasize that these ef-
fects were observed at the 30 g/L IgG concentration that
represents the borderline IgG limit between MGUS and
multiple myeloma, thus the described changes may also
occur in the precursor state of this disease.
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