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Unveiling the Great Therapeutic Potential of MASPs as
Hemostatic Agents

Ashraf Abdullah Saad

To the Editor

The lectin complement pathway (LP) is an important effector
arm of innate immunity and exemplary pattern recognition art-
ist that draws a fine line between friend and foe (host defense)
and between innocuous and noxious (homeostasis). Intriguing-
ly, the proteolytic activity of the LP is attributed to proteolytic
enzymes, called mannan-binding lectin (MBL)-associated ser-
ine proteases (MASPs). MASPs are central components of the
LP that resemble the serine proteases, Clr and Cls, of the clas-
sical complement pathway (CP). Recently, the MASPs’ impor-
tant role in the coagulation cascade was unmasked by the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [1-6]. MASPs (mainly MASP-1) are actually key ele-
ments that connect both complement and coagulation systems
[7]. So far, research into complement-coagulation interactions
focusing merely on MASP inhibition had offered promising
targets for novel preventive and therapeutic strategies [8]. Con-
versely, here I propose that the fibrinolytic activity of MASPs
can be explored in the management of bleeding disorders. In
particular, traumatic and surgical bleeding are life-threating
but potentially avoidable causes of death [9, 10]. Johnston et al
showed that postsurgical bleeding is associated with substan-
tial increases in postprocedural length of stay, days spent in
critical care, and the risks of infection, vascular events, acute
renal failure, and in-hospital mortality [11]. In addition, use of
anticoagulants and antiplatelets increases the surgical bleeding
risk, creates a need for multiple pharmacologic approaches and
poses potential problems in managing surgical patients [12-
15]. On the other hand, approximately one-third of all trauma
patients with bleeding present with a coagulopathy on hospital
admission [16, 17]. This subset of patients has a significantly
increased incidence of multiple organ failure and death com-
pared to patients with similar injury patterns in the absence of
a coagulopathy [18]. Coagulopathy frequently occurs early in
the postinjury period and is an independent predictor of mortal-
ity. Compared to patients whose initial prothrombin time (PT)
and activated partial thromboplastin time (aPTT) are normal,
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trauma patients have 35% and 326% increased risk of mortal-
ity when their initial PT and aPTT are abnormal, respectively
[19]. It is important to emphasize that trauma-induced coagu-
lopathy, also called acute traumatic coagulopathy, is distinct
from massive transfusion coagulopathy that occurs in the con-
text of loss and dilution coagulopathy [20, 21] or disseminated
intravascular coagulation [22].

Hitherto, measures to reduce intraoperative blood loss
have been limited to enhancement of coagulation by recom-
binant activated coagulation factor VII (rFVIIa), desmopres-
sin, fibrinogen, prothrombin complex concentrates, inhibition
of fibrinolysis comprising lysine analogues (tranexamic acid
and epsilon aminocaproic acid) and a broad-spectrum serine
protease inhibitor (aprotinin) in order to avoid or minimize
the need for blood transfusions, which is directly proportional
to perioperative complications and mortality [23]. Moreover,
since FXa is at a critical point of the coagulation cascade (FXa
is the trypsin-like proteinase of coagulation that catalyses pro-
thrombin activation) [24], several pharmacological strategies
have been developed to modulate its function [25]. These en-
deavours paved the way for a new era of non-vitamin K oral
anticoagulants that not only produce more predictable/less la-
bile anticoagulant effect than oral vitamin K antagonists (such
as warfarin), but are also equally safe and effective [26]. These
non-vitamin K oral anticoagulants have been termed direct
oral anticoagulants that include the factor Xa inhibitors (i.e.,
rivaroxaban, apixaban, edoxaban, and betrixaban) and direct
thrombin inhibitors (i.e., dabigatran) [27]. Contrarily, harness-
ing FXa for its procoagulant effect in the context of prothrom-
bin activation can prove challenging due to two main factors.
Firstly, the ability of Xa to activate prothrombin (FII) is mark-
edly low without its activated cofactor, FVa. Actually, the cata-
lytic efficiency of FXa activation of prothrombin increases by
100,000-fold when FXa incorporates into the prothrombinase
complex, a composition of phospholipids, Ca?*, FVa cofactor
and FXa, which cleaves prothrombin at Arg271 and Arg320
[28]. To put it simply, the prothrombinase complex is essen-
tial for hemostasis as it is the only physiologic producer of
thrombin [29]. Secondly, despite its negligible contribution to
the catalytic process, the membrane surface is obligately re-
quired. Normally, the prothrombinase complex is physiologi-
cally assembled on phospholipid membranes at the site of tis-
sue damage; the most relevant of which is the activated platelet
surface [30]. The membrane surface provides an environment
in which both the FVa/FXa complex and prothrombin (the pro-
thrombinase substrate) can co-concentrate. Activated platelets
also provide FVa, the essential nonenzymatic cofactor of the
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Table 1. Pattern-Recognition Molecules of the Lectin Pathway

Lectin groups Lectin

Previous name

Collectins Mannose-binding lectin (MBL)
Collectin-10 (CL-10)
Collectin-11 (CL-11)

Ficolins Ficolin-1 (FCN1)

Ficolin-2 (FCN2)
Ficolin-3 (FCN3)?

Collectin liver 1 (CL-L1)
Collectin kidney 1 (CL-K1)
M-ficolin

L-ficolin

H-ficolin

3aFCN3 is also known as the Hakata antigen.

prothrombinase complex. Without FVa, FXa will not bind to
activated platelets [31]. Despite that only 18% to 25% of the
total FV in blood is stored as a mixture of FV and FVa within
the a-granules of platelets, platelet-derived FV play a more im-
portant role in hemostasis than its plasma counterpart [32]. In
other terms, both platelets and FVa are required for explosive
thrombin generation. Although prothrombin cleavage by pro-
thrombinase is one of the most extensively studied reactions in
the process of blood clotting, the mechanistic details regarding
prothrombin activation are replete with challenges and contro-
versies [33].

Interestingly, the complement and the coagulation systems
are two sides of the same coin. Since they have been derived
from the same ancestral pathways, extensive and reciprocal
molecular cross-talks between them have been discovered
[34-36]. Both proteolytic cascades are composed of serine
proteases with common structural characteristics and their
interactions form a complex serine protease network [37]. To
further elaborate on the potential crosstalk between comple-
ment and coagulation pathways, it is important to appreciate
substitute routes of complement activation via the “extrinsic
protease” pathway, where proteases such as plasmin, throm-
bin, and plasma kallikrein can cleave and activate C3 [38].
Reciprocally, components of the complement system potenti-
ate coagulation and inhibit fibrinolysis, mainly through C5a,
in order to additionally provide a mechanical barrier against
the spread of invading bacteria [39]. However, the proteolytic
conversion of prothrombin to thrombin is regarded as the most
critical step in the coagulation cascade (thrombin mediates the
functions that leads to the formation of blood clots by cleav-
age of fibrinogen and FXIII as well as activation of platelets)
[40]. Despite being considered to be of common origin, the
proteases Clr and Cls of the CP do not cleave prothrombin
but those of the LP do. The immune system deploys LP as a
scavenger system that is activated through sequential enzymat-
ic reactions when pattern-recognition molecules (PRMs) bind
to damage-associated molecular patterns (DAMPs) and/or
pathogen-associated molecular patterns (PAMPs). PRMs con-
stitute two distinct major lectin groups: collectins and ficolins
(Table 1). Neither collectins nor ficolins possess enzyme activ-
ity themselves but rely on MASPs (MASP-1, MASP-2, and
MASP-3), with which they circulate in complexes [41]. Bind-
ing of LP-recognition complexes (MBL/MASP complexes) to
carbohydrate and acetylated residues on the surface of patho-
gens and altered (apoptotic, necrotic, malignant, or damaged)
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host cells converts MASP zymogens into their enzymatically
active form that drive LP-mediated complement activation.
Out of the three MASPs, MASP-3 is not wandering beyond
the complement system and has no clear role in the coagula-
tion cascade. As the exclusive pro-factor D (FD) activator in
resting blood, MASP-3 plays a pivotal role in the alternative
complement pathway (AP), and thus, considered a fundamen-
tal link between the lectin and alternative pathways [42]. In
contrast, MASP-1 and MASP-2 are akin to the coagulation
proteases in their catalytic properties of activating fibrinogen
and prothrombin respectively (Fig. 1). To further elaborate,
MASP-1 has thrombin-like activity whereby it cleaves and ac-
tivates fibrinogen and FXIII; whereas MASP-2 has FXa-like
activity whereby it activates prothrombin through cleavage to
form thrombin [43].

MASP-2 is the LP-effector enzyme and a hallmark of pro-
found activation of the LP [44]. Only MASP-2 can cleave both
C2 and C4 in order to generate C3 convertase that mediates
downstream activation of the complement system. MASP-
2 also promotes clotting by prothrombin cleavage similar to
FXa-mediated cleavage [45] and by cleavage of FXII to FXIla
[46]. In order to establish the concept of using MASP-2 as a
procoagulant, it is important to appreciate the effect of its in-
hibition. Within this context, MASP-2 inhibition has garnered
special attention especially that this would spare the immune
defence ability of the CP [47]. In particular, MASP-2 has been
incriminated in the development of three major thrombotic mi-
croangiopathies (TMAs) [48], thrombotic thrombocytopenic
purpura (TTP), atypical hemolytic uremic syndrome (aHUS)
and “secondary” aHUS-type TMAs, occurring in the setting of
infections (e.g., severe coronavirus disease 2019 (COVID-19)
[49]), autoimmune disease or transplant-associated TMA (TA-
TMA) [50, 51]. Not surprisingly, the MASP-2 inhibitor nar-
soplimab, a fully humanized immunoglobulin gamma 4 (IgG4)
monoclonal antibody against MASP-2, showed efficacy and
safety in the treatment of adult patients with severe HSCT-
TMA [52, 53] and COVID-19 patients with acute respiratory
distress syndrome (ARDS) [54]. Krarup et al [55] have dem-
onstrated that MASP2-mediated activation of prothrombin is
relatively specific as MASP2 homologues (Clr and Cls) do
not activate prothrombin, and MASP2 does not activate other
protease proenzymes. Their results showed that the thrombin
activation potential is quite low (about 4-5% the rate observed
with FXa) and presumably much lower than would be ob-
served for the prothrombinase complex. Moreover, MASP2
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Figure 1. The coagulation cascade is composed of clotting factors (serine protease zymogens) and their cofactors. Effective
hemostasis relies on the timely production of thrombin via prothrombinase, a Ca2*-dependent complex of factor Va (FVa) and
FXa assembled on the activated platelet surface, which cleaves prothrombin (FIl) at Arg271 and Arg320. In contrast, MASP-1
cleaves prothrombin at Arg393 and directly cleaves fibrinogen and activates FXIII due to its thrombin-like activity. On the other
hand, MASP-2 is capable of activating prothrombin in a similar manner to FXa which indirectly cleaves both FXIII and fibrinogen
through the active thrombin generated from prothrombin. FXIII and fibrinogen are unusual among clotting factors as neither is
a serine protease. Fibrin acts as both the substrate and cofactor for FXIII; and once activated, the transglutaminase FXllla is
capable of stabilizing fibrin clots by ligating adjacent fibrin monomers. MASP: mannan-binding lectin-associated serine protease.

will only activate prothrombin near any surface where MBL
or the ficolins can bind [55]. A recent study has revealed that
lectin-MASP-2 conjugates have a great potential to be used
as anti-microbial and anti-cancer agents [56]. Knowing that
lectins are carbohydrate-binding proteins and in order to apply
this theory in bleeding disorders we need to search for glycan
epitopes with which lectin-MASP-2 conjugates can bind at the
bleeding vessel. Following vascular injury, coagulation is ini-
tiated by the exposure of subendothelial tissue factor (TF) on
extravascular cells, which then interacts with FVIIa to activate
FX [57]. TF is a glycosylated transmembrane protein (also
called FIII, tissue thromboplastin or CD142) that undergoes
post-translational modification by N-linked glycosylation. N-
linked glycans on human glycoproteins like TF are attached to
the amide nitrogens of asparagine (Asn) side chains. TF has
N-linked glycosylation consensus sequences at three positions
(Asn-11, Asn-124, and Asn-137) [58]. Consequently, synthe-
sizing lectin-MASP-2 conjugates containing synthetic lectins
that specifically bind these N-linked glycosylation sequences
of TF would theoretically result in targeted activation of the
coagulation cascade at the bleeding sites. Notably, the natural
MASP-2 can be substituted by the highly potent recombinant
MASP-2 [59].

Being the most abundant MASP in the complement sys-
tem, MASP-1 first autoativates and then transactivates MASP-
2 followed by generating the C3 convertase (C4b2a) by cleav-
ing C2 and C4 (C2 by MASP-1 and C2 and C4 by MASP-2)
upon binding of MBL/MASP complexes to their cognate li-
gands. Ostensibly an essential central component of the LP,
MASP-1 also acts like thrombin, a key protease of the coagula-
tion process, as it cleaves fibrinogen and FXIII by possessing
similar Arg selectivity, and is thus, able to catalyse the forma-
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tion of cross-linked fibrin [60]. MASP-1 is a promiscuous and
relatively potent protease with broad substrate specificity that
resembles that of trypsin rather than MASP-2 [61]. The an-
cient origin of MASP-1 and its thrombin-like activity suggests
its involvement in a coagulation-based defence mechanism in
the early evolution of innate immunity [62]. Hess et al [63],
by using a recombinant mutant catalytic fragment of MASP-1,
showed that MASP-1 directly activates prothrombin, as well
as three natural substrates for thrombin in plasma (fibrinogen,
FXIII and thrombin-activatable fibrinolysis inhibitor (TAFTI)),
irrespective of the presence of lectins. MASP-1 initiates fibrin
clot formation in a thrombin-dependent reaction by convert-
ing prothrombin to thrombin which then cleaves fibrinogen.
MASP-1 also catalyses fibrin cross-linking by activating FXIII
independently from thrombin, albeit less efficiently (having a
greater effect on Val34 variant compared with Leu34, which
is the opposite to thrombin). In addition to its prothrombotic
effects, TAFI activation by MASP-1 offers protection from
clot lysis as shown by prolongation of clot lysis time in the
presence of MASP-1. TAFI is a potent antifibrinolytic proen-
zyme which is physiologically activated by thrombin, plasmin,
or the thrombin/thrombomodulin complex [64]. Intriguingly,
the activated enzyme, TAFTa, exerts its antifibrinolytic actions
in a manner that closely resembles lysine analogues (removes
lysine residues on fibrin which eliminates the binding sites for
plasminogen) [65]. Jenny et al [66] demonstrated that MASP-1
gives rise to an alternative active form of thrombin by cleav-
ing prothrombin at the cleavage site Arg393; and despite that
MASP-1 is the exclusive activator of MASP-2 [67], MASP-2
has no effect on the capability of MASP-1 to promote clotting
as shown by lack of response to MASP-2 inhibition. By con-
trast, inhibition of the proteolytic activity of MASP-1 prevents
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activation of MASP-2 [68]. Noteworthy, MASP-1 lacks any
clotting activity in the absence of prothrombin.

Finally, as MASP-1 procoagulant profile differs from
MASP-2, this might have therapeutic implications. For in-
stance, it might be more practical to use lectin-MASP-2 con-
jugates for local purposes (like open wounds) where systemic
thrombosis is not needed while utilizing MASP-1 for patients
with traumatic/surgical bleeds. If this hypothesis is validated,
these MASPs could be a promising therapeutic strategy for
the prophylaxis/management of bleeding. In addition, they
can also be contemplated for the management of bleeding in
patients with hemophilia A and B where the basic biochemi-
cal abnormality is the inability to activate FX that generate
thrombin and fibrin in order to stabilize the platelet clot [69].
In summary, the complement and coagulation systems must be
viewed as inextricably intertwined [70]. MASP-1 and MASP-
2 link innate immunity to secondary hemostasis, and by virtue
of their hemostatic potential, are promising novel agents for
the treatment and/or prevention of acute bleeding.
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