Monoclonal gammopathy of clinical significance: in
vivo demonstration of the anti-thrombotic effect of
an acquired anti-thrombin antibody

Monoclonal gammopathy of clinical significance
(MGCS) is a novel concept that has been suggested to
describe an abnormal plasma cell clone producing a
monoclonal immunoglobulin (MIg) associated with
pathological manifestations.' One of the MGCS-related
complications includes autoantibody activity. To date,
MIg-associated bleeding disorders have been essentially
reported with auto-antibodies directed against von
Willebrand factor (VWEF) or factor VIII (FVIID).>® To our
knowledge, no MGCS associated with an auto-anti-
thrombin antibody (ATA) has yet been described. ATA
have been reported in several cases of bleeding’ or
thrombosis® but can also be asymptomatic.® This is a rare
disorder that may develop after bovine thrombin expo-
sure’ or in association with anti-phospholipid syndrome,’
liver cirrhosis’ or viral infection.”” Due to their versatile
clinical presentation and the absence of specific diagnos-
tic tests, ATA constitute a heterogeneous group of disor-
ders that are difficult to characterize.

Here we present the case of a patient with a MIg
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(IgG x) and an ATA. The use of a diverse array of in vitro
and in vivo models were applied to establish the causal
relationship between MIg, ATA and bleeding tendency,
sustaining the concept of MGCS-related bleeding disor-
der.

The case concerns a 40-year-old man with no previous
personal or family history of bleeding until he first pre-
sented with a psoas hematoma and hematuria. A pro-
longed activated partial thromboplastin time (aPTT)
associated with an IgG x monoclonal gammopathy
(MIgG, monoclonal component evaluated at 12 g/L) was
discovered on this occasion. Bone marrow plasma cell
percentage was below 5%, B2-microglobulin and light
chains were found normal and the patient did not present
any CRAB symptoms as assessed by imaging (data not
shown) and blood tests (Online Supplementary Data). All
these elements allowed to exclude the diagnosis of
myeloma. The prolonged aPTT was not corrected by the
addition of normal pooled plasma (NPP) and prothrom-
bin time (PT), fibrinogen as well as FVIII/VWF were with-
in the normal range. No further hemostatic investigations
were performed, and the bleeding tendency was related
to an unspecified acquired disorder. Over the next 6
years, bleeding episodes (rectal bleeding, retroperitoneal
hemorrhage, muscular hematomas) were managed by
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Figure 1. In vitro patient’s laboratory evaluation. (A) Routine coagulation tests were performed on platelet poor plasma (PPP) obtained from citrated blood after
double centrifugation using APTT SP HemoslL (IL), Innovin (Siemens), Dade Thrombin (Siemens) and using a STAR®-MAX (Stago) according to manufacturer’'s
instructions. The detection of lupus anticoagulant was performed using a diluted Russel’s Viper Venom Time (dRVVT, LAC screen and LAC confirm, Siemens)
and using CS 5100 (Sysmex) according to manufacturer’s instructions. Thrombin time (TT) mixing studies were performed on patient’s PPP and a normal pooled
plasma (NPP) obtained from 30 healthy volunteers. Mixing studies (vol/vol) were performed by measuring TT of serial dilutions from 1:1 to 1:64 of patient’s PPP
in NPP, and in NPP diluted in Owren Koller (OK) buffer as control (NPP+OK, vol/vol). (B) Thrombin generation measurement using calibrated automated throm-
bogram (CAT). Thrombin generation test (TGT) was studied on PPP obtained from citrated blood. Coagulation was triggered by low concentration of tissue factor
1 (TF1) (1 pM) in the presence of phospholipid (4 pm) and using CAT according to manufacturer instructions (PPP Reagent Low, Stago). TGT was performed in
patient’s PPP and normal pooled plasma (NPP) obtained from 30 healthy volunteers. Mixing studies (vol/vol) were performed by measuring TGT of serial dilutions
from 1:1 to 1:32 of patient’s PPP in NPP, and in NPP diluted in Owren Koller buffer as control (NPP+OK, vol/vol). Insert: TGT was performed in patient’s and con-
trol platelet rich plasma (PRP) obtained from citrated blood. Coagulation was initiated using low concentration of tissue factor (TF) (1 pM) and using CAT accord-
ing to manufacturer’s instructions (PRP Reagent, Stago). aPTT: activated partial thrombin time; PT: prothrombin time.
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recombinant activated factor VII (tFVIla) and several
courses of dexamethasone, that allowed to temporarily
normalize aPTT. Both azathioprine and rituximab were
unsuccessful in reducing the bleedings and normalizing
aPTT.

He was referred to us for precise diagnosis of the
hemostatic disorder. Blood count was normal and mono-
clonal component was stable. A thrombin time (TT) was
performed along with aPTT, both were markedly pro-
longed (>120 and 76 seconds [sec], respectively vs. 16 and
35 sec for control). The prolonged TT was observed
using bovine and human thrombin. PT was slightly mod-
ified (11.9 vs. 9.5 sec for control, international normalized
ratio [INR]: 1.36) (Figure 1A). Coagulation factors, includ-
ing fibrinogen, FII, FV, FVII, FVII], FIX, EX, FXI and repti-
lase time were normal. Any presence of anticoagulant
treatment was excluded (data not shown). Mixing studies
(vol/vol) were performed by measuring TT of serial dilu-
tions of patient’s platelet poor plasma (PPP) in NPP, to
quantitate the inhibitor level (modified Bethesda assay).
The results showed prolonged TT from dilutions 1:1 to
1:16 (from >120-28 sec), and normalization from 1:32 (21
sec) suggesting the presence of an ATA estimated at 32
Bethesda Units. A lupus anticoagulant was also detected
without any other autoantibody or dysimmune abnor-
mality, except the patient’s MIgG (no anticardiolipin or
anti-B2GPI antibodies).

In order to highlight the acquired plasmatic ATA-
induced hemorrhagic tendency ex vivo, a thrombin gene-
ration test (TGT) was performed (CAT, Stago®) (Figure
1B). Compared to control, TGT in patient’s platelet rich
plasma (PRP), showed a prolonged lag time (LT) of 15.5
versus 4.7 minutes (min) associated with a decreased
endogenous thrombin potential (ETP) of 834 versus 1,730
nM/min corresponding to a 300% increase of LT and a
50% decrease of ETP, respectively. In patient’s PPP, no
peak of thrombin generation could be detected within 1
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hour (h). Similarly to TT, TGT was performed using
sseveral dilutions of the patient’s PPP in NPP. With each
dilution, the LT was shortened, ranging from more than
60-6 minutes (min) versus 5.15 min in NPP. ETP never
exceeded 575 nM/min for the 1:32 dilution compared to
1,182 nM/min in NPP. These results equal to an increased
LT ranging from 660-20% and a decreased ETP ranging
from 75-51% for dilutions from 1:1 to 1:32 respectively.

In order to confirm that the ATA belong to the same
clone as the MIgG, the electrophoresis pattern of the
antibodies was studied using isoelectrofocusing on
agarose gel followed by immunofixation with an anti-IgG
antiserum (Hydragel CSF Isofocusing®, Sebia). The
patient's ATA was isolated from patient’s plasma by
affinity chromatography using activated agarose beads
(Aminolink®, ThermoScientific) covalently coupled to
human a-thrombin (2 mg). The patient's total IgG was
purified using protein A agarose (ThermoScientific). The
immunofixation of plasmatic IgG, purified total IgG and
ATA showed a similar monoclonal banding, suggesting
that the ATA was indeed part of the MIgG, and not a
coincidental autoantibody (Figure 2). The diagnosis of
MGCS-related bleeding disorder due to a MIgG and an
ATA was retained. In order to eradicate the ATA, a com-
bination of bortezomib and dexamethasone was initiated
(at doses used in myeloma patients), but four cycles of
this combination did not decrease the MIgG. Continuous
thalidomide and dexamethasone treatment was also
unsuccessful. The patient's TT was only temporarily
shortened 24-48 h after intravenous infusion of IgG.
Over the years, the patient continued to present bleeding
episodes (hematospermia, psoas hematoma). Given the
failure of the previous therapies and the efficacy of “on
demand” hemostatic treatment, the patient was finally
managed by close follow-up, self-initiated combination
of steroids and rFVIla in case in case of hemorrhage.

In order to illustrate the anti-coagulant effect of the

IgG ATA Plasma

ew

Figure 2. Immunoglobulin G (IgG) immunofixation
pattern of patient’s plasma, purified total IgG and
anti-thrombin antibody. The immunofixation was
performed using Hydragel CSF Isofocusing on a
Hydrasis system according to manufacturer
instructions (Sebia). The procedure included iso-
electric focusing on agarose gel followed by
immunofixation with an enzyme (peroxidase)
labelled anti-IgG antiserum on patient’s samples in
which IgG concentration was adjusted to 20 mg/L
before migration. C1, C2: normal sera; QC: quality
control (Sebia); IgG: patient’s purified total IgG; ATA:
patient’s anti-thrombin antibody; plasma: citrated
plasma.
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Figure 3. In vivo effect of the infusion of patient’s purified immunoglobulin G on thrombus formation and fibrin generation using intravital microscopy and a
mouse model of laser-induced arteriolar injury. Intravital videomicroscopy of the cremaster muscle microcirculation was performed as previously described.**?
Wild-type mice were pre-anesthetized with intraperitoneal ketamine (Fort Dodge) and xylazine (Llyod). A canulus was inserted in the jugular vein to maintain
anesthesia with pentobarbital (Sigma-Aldrich) and infuse platelet and fibrin labeling as well as patient’s purified Immunoglobulin G (IgG). Digital images were
captured with a C9300 Digital Camera (Hamamatsu) connected to a VS4-185 Image Intensifier Gen Ill (VideoScope International). Laser injury: vessel wall injury
was induced with a micropoint laser system (Photonics Instruments) focused through the microscope objective. Multiple thrombi were studied in a single mouse,
with new thrombi formed upstream of earlier thrombi. Image analysis: fluorescence data were captured digitally over 3 minutes following vessel injury. Image
analysis was performed with Slidebook Version 5.5 (Intelligent Imaging Innovations) as previously described.® In order to account for the variability of thrombus
formation in any given set of experimental conditions, the data from 10-15 thrombi in two separate mice were used to determine the median value of the inte-
grated fluorescence intensity before and 10 minutes after intravenous infusion of 690 ug of patient’s purified IgG. Platelet and fibrin labeling were performed
using anti-CD42 antibody conjugated with DyLight488 (0,1 ug/g mouse, green) (Emfret) and with anti-fibrin antibody conjugated with AlexaFluor647 (0,5 ug/g
mouse, red) (Sekisui). The kinetics of platelet accumulation and fibrin formation at the site of injury were determined by calculating median fluorescence values
at 649 and 488 nm over time. (A-B) Thrombus formation at the site of injury. Representative images of fluorescence signal associated with platelets (green)
and fibrin (red) over 120 seconds (TO-T120) following vessel injury (white arrow) are shown within the context of brightfield histology in the absence (A, left panel)
or 10 minutes after infusion of patient’s I1gG (690 ug) (B, right panel). (C-D) Platelet accumulation (C) and fibrin generation (D) at the site of injury. The median
integrated platelet fluorescence (C, F platelet) or fibrin fluorescence (D, F fibrin) as a function of time in the absence (blue line = 10 thrombi, two mice) or 10
minutes after infusion of patient’s IgG (black line = 15 thrombi, two mice).

patient’s ATA in vitro, aPTT and TT were performed after ~ aPTT and TT, while coagulation factors are normal or
addition of the patient’s purified ATA IgG (2.45 mg/mL).  subnormal. It can sometimes be associated with an anti-
Compared to control IgG (2.5 mg/mL), addition of the  phospholipid activity,*"® as in our case. The level of the
patient’s ATA IgG to NPP led to a prolonged aPTT (59  inhibitor can be measured using a modified Bethesda
versus 33 sec) and a prolonged TT (>120 vs. 19 sec). assay such as the TT mixing studies we performed. Still,

In order to demonstrate the anti-prothrombotic effect  there is no correlation between biological results and
of the patient’s ATA in vivo, infusion of the patient’s ATA  clinical manifestation, making it impossible to anticipate
IgG was carried out in a mouse model of laser-induced  the individual hemorrhagic risk in a patient. On the other
arteriolar thrombus formation using intravital hand, global coagulation tests such as TGT have been
microscopy as previously described." In this model, infu-  proposed to better reflect and evaluate the overall hemo-
sion of control IgG (up to 1 mg) induced no modification  static capacity and to correlate more adequately with
of platelet accumulation and fibrin generation at the site  bleeding phenotypes in acquired hemorrhagic disorders
of injury in cremaster arterioles in wild-type mice.” By  such as acquired hemophilia A."" In our study, the
contrast, infusion of the patient’s ATA IgG (690 ug) results of theTGT 1 revealed the acquired origin of the
induced a dramatic inhibition of platelet accumulation  disorder by inducing a dramatic increase in LT and
and fibrin generation of more than 70% at the site of  decrease in ETP when adding serial dilutions of patient’s
injury (Figure 3). PPP in NPP; and TGT 2 reflected the patient’s severe

In essence, the presence of ATA is a rare disorder that  hemorrhagic phenotype as no thrombin generation could
can be either completely asymptomatic or lead to a be detected during 1 hour in the patient’s PPP.
severe bleeding tendency. ATA produce biological abnor-  Conversely, there was a measurable peak of thrombin
malities in clotting tests such as dramatically prolonged  generation in patient’s PRP. We hypothesize that the ATA
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induces an inhibition of the initial (low concentration)
TF-triggered thrombin formation as well as further ampli-
fication of thrombin generation in PPP. In PRP, the ATA-
induced inhibition might not be sufficient to prevent
thrombin-induced-platelet activation. Therefore, the
release of platelet-stored coagulation factors, and the
residual traces of thrombin, might be sufficient to partial-
ly overcome the action of ATA at the surface of activated
platelets, leading to a delayed and decreased but
detectable thrombin generation. We further demonstrate
the anti-thrombotic potency of the patient’s purified ATA
in vitro and in vivo. Indeed, purified the patient’s ATA IgG
retained the capacity to reproduce the biological abnor-
malities observed in the patient’s PPP, such as prolonga-
tion of aPTT and TT. Concomitantly, using a murine
model of laser-induced arteriolar injury, we showed that
infusion of the purified patient’s ATA IgG was specifically
responsible for a significant inhibition of thrombus for-
mation at the site of injury, illustrating the ATA-induced
impairment on thrombus formation i vivo.

In conclusion, we report a severe acquired hemorrhagic
disorder secondary to an ATA in a patient presenting
with a MIgG. We demonstrated the anti-thrombotic
property of the MIgG through in vitro, ex vivo and in vivo
experiments that allowed establishing a link between the
biological and clinical presentation. This is the first
description of the direct responsibility of a MGCS-associ-
ated ATA in the occurrence of a patient’s hemorrhagic
tendency.
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