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Title: Does hereditary angioedema make COVID-19 worse?

Abstract

The coronavirus disease 2019 (COVID-19) pandemscdmpread rapidly worldwide.
Severe acute respiratory syndrome coronavirus R&E&oV-2), the causative agent
for COVID-19, enters host cells via angiotensina@ning enzyme 2 (ACE2) and
depletes ACEZ2, which is necessary for bradykininamaism. The depletion of
ACE?2 results in the accumulation of des-Arg(9)-lytadin and possible bradykinin,
both of which bind to bradykinin receptors and ioelwasodilation, lung injury and
inflammation. It is well known that an overactivateontact system and excessive
production of bradykinin comprise the key mechamishat drive the pathogenesis of
hereditary angioedema (HAE). It is reasonable tecslate that COVID-19 may
increase disease activity in patients with HAE amtk versa. In this review, we
explore the potential interactions between COVIDd®d HAE in terms of the
contact system, the complement system, cytokireasel, increased T helper 17 cells,
and hematologic abnormalities. We conclude with higpothesis that comorbidity
with HAE might favor COVID-19 progression and mapngen its outcomes, while
COVID-19 might in turn aggravate pre-existing HARdgprompt the onset of HAE in
asymptomatic carriers of HAE-related mutations.dsbgn the pathophysiologic links,
we suggest that long-term prophylaxis should besiclened in patients with HAE at
risk of SARS-CoV-2 infection, especially the profdutic use of C1 inhibitor and

lanadelumab and that HAE patients must have meditatfor acute attacks of



angioedema. Additionally, therapeutic strategiespleyed in HAE should be

considered for the treatment of COVID-19, and chuhitrials should be performed.

Keywords: COVID-19, hereditary angioedema, ACE2, contactesystcomplement

system
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Coronavirus disease 2019 (COVID-19) caused by seaeunte respiratory syndrome
coronavirus 2 (SARS-CoV-2) has spread rapidly acroest of the world. According
to the World Health Organization report of June 2420, more than 9 million cases
were confirmed, of which more than 480 000 diednfrihis pandemic disease. The
numbers of infection and death from COVID-19, glbpaare still rising rapidly.
Tremendous efforts have been made to unravel ttieoplaysiology and prognostic
factors of COVID-19. It has been established thaRS-CoV-2 enters host cells in
the respiratory tract via the transmembrane pro&gigiotensin-converting enzyme
(ACE) 2 and uses the transmembrane serine proTddB&RSS2 for spike (S) protein
priming [1]. After entering the host cell, SARS-G@\klicits a series of innate and
adaptive immune responses, which are responsibleifial clearance as well as
inflammation [2]. In addition, interactions betwe@&ARS-CoV and the contact
system, the coagulation systems, and the complepethivay are held to be of

relevance for the course and outcome of COVID-19][3

Hereditary angioedema (HAE) is a rare genetic disegth an estimated prevalence
of 1.1 to 1.6 per 100,000 worldwide [8], presentimgth recurrent attacks of
subcutaneous and submucosal edema. The pathomguysiof HAE involves the
contact, complement and fibrinolytic systems, amaich the contact system is the
key pathway [9]. Certain cytokines such as intediledl(IL-1) and transforming
growth factorp (TGF{), may also play a role in the pathophysiology &BH[10].

Therefore, it is reasonable to hypothesize thaketin@ight be an interaction between



COVID-19 and HAE. As of now, there are no repot$HAE patients infected with
SARS-CoV-2, and there is, therefore, no informatonthe course of COVID-19 in
patients with HAE. Given the low prevalence andyéaspectrum of HAE, it is
unlikely that guidance on the management of COV®DH1 patients with HAE will
come from clinical observations or studies on HA&ignts with COVID-19. It is,
therefore, important to explore and analyze themtal association between the two
clinical conditions in terms of their known undenlg pathophysiologic mechanisms,

which is what this review does.

Therole of contact system in HAE and COVID-19

As depicted in Figure 1, mutations of the SERPINf@fie that result in a deficient or
dysfunctional C1 inhibitor (C1-INH) are the caudetype 1 and 2 HAE. In patients
with HAE type 1 or 2, the lack of functional C1-INldads to overactivation of the
contact system and its bradykinin (BK) forming e The resulting
overproduction of BK causes the attacks of angipededes-Arg(9)-bradykinin
(DABK) is generated in the process, without claighi role in the development of
angioedema. As a multi-functional serine proteaséitor, C1-INH has a wide range
of substrates including prekallikrein, kallikreifactor (1, factor [1a, factor [If,
plasminogen, plasmin, C1r, C1ls, and mannose-bindtim (MBL)-associated serine
protease (MASP)-1 and MASP-2 [11]. Thus, in additio its central function in the
contact system, C1-INH also regulates the complémmgsiem and the fibrinolytic

and coagulation system (Figure 1). Without the bitlin of C1-INH, factor [



autoactivates to form factara by contact with the initiating surface, and tifemnher
generates a 28.5-kDa fragment called factdr [12,13]. In peripheral blood,
prekallikrein and high-molecular-weight kininogeHMWK) form a biomolecular
complex at a ratio of 1:1 [14]. Both factorla and factor [If convert
prekallikrein-HMWK complex to kallikrein-HMWK complx, while the generation of
kallikrein results in feedback activation of factor [15]. Kallikrein then digests
HMWK to BK, which is the essential mediator of slvej attacks. In type 1 and 2
HAE, excessive generation of BK is caused by ovsfion of the plasma contact
system [16]. Carboxypeptidase N/M removes the @iitaal peptide from bradykinin
to generates DABK [9,17]. BK binds to bradykinirceptor B2 (B2R), while DABK
binds mainly to the bradykinin receptor B1 (B1R} bhiso to B2R on the surface of
endothelial cells, which leads to vasodilation andreased vascular permeability
[18,19], and the production of vasodilators inchglinitric oxide and prostaglandin
E2. In patients with HAE, especially during edemtacks, the level of BK can
significantly increase, not only at the local siv¢ involvement but also the
circulation[16]. B1R can be induced by cytokinesliling IL-1 and tumor necrosis
factor y (TNF-+y). Lys-des-Arg(9)-BK, another BK metabolite, stiratds the
production of IL-B, both of which can upregulate the expression dR B40,21]. In
addition, BK can be degraded into inactive fragmeby ACE, as well as
aminopeptidase P and neutral endopeptidase [17T@23ummarize, in type 1 and 2
HAE, the deficiency of C1-INH leads to overactivatiof the BK-formation cascade

and the overproduction of BK and DABK, which cauke attacks of angioedema



(Figure 1). For HAE patients with normal levels @fl-INH, the underlying
mechanism is thought to be related to mutatiorectffg the BK-formation cascade,
which includes genes that encode factor Xll, angiein-1, plasminogen and

kininogen [23-26].

In COVID-19, the S protein on the surface of SAR®Y2 has been shown to bind to
ACE2 in the lung, which is similar to the mechanisgih SARS-CoV-1 [27]. To
prepare the host endothelial cells for viral en®RS-CoV-1 interacts with ACE2 on
the cell surface, inducing membrane fusion and tRemocytosis [28]. The
translocation of ACE2 from the cell surface to thieacellular space is the part of the
process called internalization. It has been repotteat the interaction between
SARS-CoV-2 and ACEZ2 increases the activity of ADANMtallopeptidase domain 17
(ADAML17), which can induce the cleavage of ACE2 dhe shedding of the ACE2
extracellular domain. Therefore, SARS-CoV infectiand S protein on the virion
surface reduce the cell-surface expression of A®E2both internalization and
shedding of ACE2 [29]. ACE2 is a homologue of ACHEdaparticipates in the
degradation of DABK by cleaving it into inactive golucts[30]. Partly owing to
DABK/B1R axis mediated chemokines release includihgd-C motif chemokine 5,
macrophage inflammatory protein-2 (MIP2), C-X-C rhoehemokine 1, and TNk;
ACE2 plays an essential role in the developmenpwimonary inflammation [30].
Thus, the depletion of ACE2 by SARS-CoV-2 infecti@sults in impaired DABK

inactivation. Binding of DABK to B1R can prompt rieaphil infiltration, increased



capillary leakage [10] which comprise the key feesuof acute respiratory distress
syndrome (ARDS), and lead to more sever lung ingmg inflammation [30,31]. The
accumulation of DABK might result in negative feadk of BK degradation and
leave BK binding to B2R on the surface of endotiatells. Binding of BK to B2R
also result in increased vascular permeability andioedema in lung tissue [9].
Moreover, BK, histamine and serotonin are knowthasessential mediators of acute

lung inflammation [32].

It is possible that the pathophysiologic changesHRAE patients, including a
overproduction of BK and subsequently of DABK, &mlled by upregulated
expression of B1R, could facilitate SARS-CoV-2 indd tissue damage in patients
with COVID-19 by enhancing vasopermeability andalopulmonary edema via the
kinin-kallikrein system, possibly worsening its coine. Therefore, some researchers
have proposed that therapeutic approaches targiinginin-kallikrein system, such
as the antagonist of B2R (icatibant), C1-INH antedese inhibitors of plasma
kallikrein (ecallantide, lanadelumab), may be halbr the prevention of ARDS in
COVID-19 patients [3,5]. Similarly, in the Chinesscommendation for management
of hypertension, experts suggest that icatibantulshbe considered as a treatment
option for COVID-19 patients with respiratory desds or angioedema [33]. As a
selective B2R antagonist, icatibant can dysregula¢edownstream activity of BK
and has been approved for use in the managemeatuté attacks in patients with

HAE in the US and Europe [34dditionally, icatibant has been demonstrated to be



effective in the treatment of ACE inhibitor-induceshgioedema of the upper
aerodigestive tract, which is mediated by the iiiuib of the breakdown of BK and
subsequent accumulation of BK [35]. C1-INH is alaepment therapy for HAE and
has been approved to be used as on-demand andylaigh treatment. The
multi-inhibitory function of C1-INH in not only cdact system but also the
complements system and the fibrinolytic and coagurasystem which are discussed
below, might play a beneficial role in the managetna patients with COVID-19.
The plasma kallikrein inhibitor, ecallantide, arftetmonoclonal antibody against
kallikrein, lanadelumab, which function via inhibih of kallikrein activity and
activation of the BK forming cascade, might be gisomising treatment strategies in
COVID-19 patients with respiratory distress or aegiema. All three of these drugs
are already approved for the treatment of HAE, hasedl-established safety and
side-effect profiles, and are available in clinibharmacologic inhibition of FXlla or
FXI also shows promising protective effects agasystemic inflammatory response
syndrome in animal models, while exerting littlep@act on hemostasis and host
immunity, indicating that the contact activationstgm may serve as a potential

therapeutic target for the treatment of patients WiOVID-19 [36].

Coagulation and fibrinolytic systemsin HAE and COVID-19
The contact system has close interactions with dbagulation and fibrinolytic
systems (Figure 1). In HAE patients, increased gladign and fibrinolytic activity

have been demonstrated during both attacks andssemi periods [37,38]. As



illustrated in Figure 1, C1-INH inhibits the actiian of factor ], HMWK-factor [
and plasminogen, the formation of thrombin, and abvity of plasmin [9]. When
functional C1-INH is deficient, the levels of pratmbin fragment 1 + 2, thrombin,
and fibrin D-dimer have been observed to be high¢tAE patients than in healthy
controls; these parameters were elevated evenefudiring attacks compared with
remission [37-39]. For HAE patients with normal QIH levels, mutations in the
factor Xl gene that cause a reduced activatioestwld of the contact system is a
common mechanism [9]. However, the risk for blegdor thrombosis does not

increase?’ The coagulable state in HAE patients has not bidgnexplained.

Concerns about hematologic abnormalities associwitthdCOVID-19 are increasing.
Based on well-known information, the initial hematpc abnormality is an elevation
of D-dimer and other fibrin degradation producist Wwithout overt bleeding, which is
likely to be a result of the inflammatory resporjd@-42]. The immunologic and
inflammatory responses can lead to further prograssf hematologic changes,
culminating in symptoms of ischemia and thrombetvents in critically ill patients
[7]. A D-dimer level greater than gg/mL on admission is a potential risk factor for
poor outcomes in COVID-19 [43]. An elevated D-dinevrel is the result of not only
the activation of coagulation, but also the COVI®+&lated inflammatory response
[40]. Severe infection can lead to disseminatedavatscular coagulopathy in
critically ill patients via coagulation activati@md inflammatory response [44].

It is reasonable to investigate whether the knownreased coagulation and



fibrinolytic activity in HAE patients predisposeleim to develop a more severe
condition after infection with SARS-CoV-2, and alsbether strategies targeting the

hematologic response will benefit HAE patients wit@VID-19.

Complement system in HAE and COVID-19

As a serpin, C1-INH regulates the complement sydignmactivating C1r, C1ls and
MASP-2. In HAE patients, without the inhibition Gf1-INH, C1r and C1s transform
to their respective activated typesiGihd C15 then form the complex @Ts, which
digests C4 and C2, and may initiate or facilitdte &ctivation of the complement
cascade (Figure 1). Concerning the involvement 8i8R-2 in the lectin pathway of
complement activation, it is presumed that MASHvigtand the lectin pathway
would be enhanced during C1-INH deficiency. Howewampared with healthy
controls, the activity of the MBL pathway and MASQRwere found to be similar or
even lower in HAE patients [45,46]. It was explairtbat the lower MASP-2 levels
were due to the consumption, and that the lectimwey was still activated but
depressed in HAE [46]. In one study, the conceomat of MASP-2 and
ficolin-3/MASP-2 complex were increased during amgiema attacks compared with
remission periods in the same HAE patient [47]jdating that the lectin pathway
was activated during attacks. Apart from its pregeehibitor role, C1-INH has many
other biofunctions. C1-INH has been demonstratedteyact with components of the
extracellular matrix, including type IV collagemnhinin and entactin, leading to the

hypothesis that these components concentrate C1-BiHthe local site of



inflammation in order to regulate the local compégrnand contact system [11]. In
vitro, C1-INH can interact with C3b in a reversibiganner, operating as a down
regulator for the alternative pathway of complemadtivation [48]. As shown in
Figure 1, C3b is an essential component of the @vartase, C4b2b3b, initiating the
common pathway of complement activation. In a stofd¢1-INH-HAE patients, the
level of C3 was lower than in healthy controls &8 was overactivated [46,49].

Thus, the activation of complement was increasdbtlése patients [49].

The activation of the complement system has beesergbd in COVID-19. The
nucleocapsid (N) proteins of SARS-CoV-2, SARS-CoM Middle East respiratory
syndrome coronavirus (MERS-CoV) all bind to MASPv#ich is the key to the
lectin pathway of complement activation [50]. Frame findings of lung and
dermatologic lesions in five severe COVID-19 paierextensive deposition of the
C5b-9 membrane attack complex, C4d and MASP-2 moteere observed in lung
microvasculature, plus COVID-19 S protein in cu@me microvasculature,
suggesting activation of the lectin pathway of tt@mplement system [51]. The
activated complement system affected the coagulapiathway and mediated a
diffuse thrombotic microangiopathy in both lung asidn [51]. During SARS-CoV
infection, C3”"mice exhibited less respiratory dysfunction, nephibinfiltration in
lung tissue and IL-6 in circulation compared witlidatype mice, suggesting that
complement activation contributes to SARS-CoV pgémesis [52]. In mouse models,

a blockade approach targeting complement proteBs@ C5a was beneficial for



promoting improved outcomes of SARS-CoV and MERS‘Qofection [52,53].

These data collectively highlighted the role of @bement activation in the
pathophysiology of COVID-19 and lay a foundatiom fmvel potential therapies for
COVID-19, including anti-C3 agents and other blatkastrategies aimed at this

pathway [6].

In C1-INH-HAE patients infected with SARS-CoV-2 etlioss of inhibition of C1r,

Cls and interaction with C3 would be expected @ léo enhanced complement
activation. In such a case, together with the &d¥S1-INH regulation at local sites of
extravascular inflammation, the impact of C1-INHfidency on the complement
system would further favor the development of imftaation, induce microvascular

injury and ultimately worsen the prognosis.

Cytokinesand T helper 17 (Th17) in HAE and COVID-19

Compared with healthy controls, the levels of IL-1-21, transforming growth
factorf (TGF), and granulocyte-macrophage colony stimulatirgioia(GM-CSF)
are significantly higher in HAE patients in rem@si[10]. These cytokines, plus IL-6,
increase further in HAE patients during attacks pared with remission[10]. The
above-mentioned cytokines are all produced by Thhd other type 17 cells,
including yd T cells, natural killer cells, natural killer T lteand innate lymphoid
cells [54-56]. Some of these cytokines (IL-6, IL-@&id TGFB) can stimulate ThO to

differentiate to Th1l7 subsets, which play an imaattrole in inducing local



inflammation [57,58]. In addition, IL-1 and TNd-have been reported to stimulate
endothelial cells and augment activation of thekalt&krein~-HMWK complex,

suggesting a possible role in the interaction ndtvad HAE [59].

An elevated proinflammatory cytokine profile is y@mommon in patients with severe
COVID-19, indicating a potentially important rolef diyperinflammation in the
pathophysiology of COVID-19. Compared with healtontrols, higher levels of the
following factors have been observed in COVID-19iguds: IL-18, IL-1ra, IL-7,

IL-8, IL-9, IL-10, basic fibroblast growth factogranulocyte-colony stimulating
factor (GCSF), GM-CSF, IFN; IFN-y-inducible protein 10, monocyte
chemoattractant protein, macrophage inflammatorgteom (MIP)-lo, MIP-15,

platelet derived growth factor, TNd;-and vascular endothelial growth factor [60].

A pathologic study of COVID-19 found an increaseTinl7 cells [61], which are
differentiated from ThO cells by the stimulationlbf6, TGF$, IL-21 and IL-23 [62].
IL-6, which is an important member of the cytoksterm in COVID-19 and has been
found to be significantly elevated in patients wséwvere COVID-19 [63], works as a

central participant in the acute phase of inflamomaf64].

Taken together, it can be inferred that a pre-gxgsstate of elevated cytokines and
Th17 in HAE might favor the cytokine release stamCOVID-19, although further

evidence is needed.



Bi-directional interaction between COVID-19 and HAE

HAE is a genetic disorder caused by mutations mdolnd on SERPING1 and
several other genes including FXIl, ANGPT1, and HB(23,25,26]. However, there
is great heterogeneity in clinical manifestationsoag HAE patients, even when they
carry the same mutation. These differences indbdeage of onset, severity of edema
and the frequency of attacks. It has also beenrebdethat not all carriers of
SERPING1 mutations present with recurrent edemdedd, a minority of HAE

patients never develop edema at any point in tiieiime.

It is possible that COVID-19 and HAE form a recipmbinteraction loop in which the
pathophysiologic mechanisms of each disease remfthose of the other. The
pathophysiological overlap between COVID-19 and H#&S summarized in Table 1.
The continued depletion of ACE2 by SARS-CoV-2 iti@c increases the
extracellular levels of DABK and BK via the kinirakikrein pathway, as well as the
injury and inflammation in lung tissue [19]. Ceblwl injury and inflammation
upregulate the expression of B1R [65,66]. The esigesgeneration of BK and
DABK, in addition to the upregulation of B1R, cabute to angioedema.
Considering that C1-INH inhibits MASP-1 and MASH» forming complexes with
each [67], the activation of the lectin pathwayCi@VID-19 may further consume the
innately low level of functional C1-INH in HAE patits. C1-INH is proposed to be

an interactor for seven proteins in SARS-CoV-1, alhis highly similar to their



orthologous in SARS-CoV-2 [68]. Thus, it is hypdleed that SARS-CoV-2

infection might cause a deficit of C1-INH by thedraction between the virus and
C1-INH [68]. Additionally, SARS-CoV-2 infection ohepatocytes may affect the
production of C1-INH. Both of the two hypotheticakechanisms result in a further
decrease of functional C1-INH in HAE patients. Gamgently, the changes in the BK
pathway, the activation of complement, and the ichpgman C1-INH production in

COVID-19 could worsen pre-existing HAE, or even dispose HAE onset in

mutation carriers who have not presented with HAh@moms. Conversely, the
pre-existing activation of the contact activatiopstem, complement system, and
coagulation and fibrinolytic systems, as well asréased levels of certain cytokines
and Th17 cells in HAE patients might also aggravh&einflammatory responses in

COVID-19.

Fortunately, none of the 136 HAE patients registeat our HAE center have been
diagnosed with COVID-19; this includes six patiefrtsam Hubei Province, three of
whom reside in Wuhan. At present, because theaesi®rtage of other drugs for HAE
in China, these patients were prescribed diffedndages of danazol as long-term
prophylactic treatment. The prevalent use of dahaaoattenuated androgen, during
the COVID-19 pandemic is cause for concern. Culyeittis not known whether the
poorer clinical outcomes and higher rate of deatimfCOVID-19 in men compared
with women represent a casual or causal relatipr€8]. Two plausible mechanisms

have been proposed [70]. The first is based oneece that the co-receptor for



SARS-CoV-2 infection, TMPRSS2, can be regulatedcabgirogen in a lung-derived
cell line model, although the role of androgen hygologic settings has not been
specified [71]. In patients with prostate cancewragen-deprivation therapies can
decrease the level of TMPRSS2 and partially protdoese patients from
SARS-CoV-2 infections [72]. The second possible ma@tsm involves the immune
modulation effect of androgens, which might suppitbe antiviral immune response
to SARS-CoV-2 [70]. Considering the fact that dadaremains the mainstay
medication for HAE in the many countries where tflnise treatments are not
available, the potential aggravating effect of ageén in COVID-19 deserves special
attention during the pandemic. We suggest that atdnshould only be used with

great caution, or even discontinued, in HAE patiemho contract COVID-19.

In summary, we hypothesize that HAE might play &idental role in COVID-19
progression based on emerging knowledge about dktential participation of the
contact activation system, complement system, apabuwation and fibrinolytic
systems, as well as certain cytokines and Th1s cklling SARS-CoV-2 infection.
Furthermore, COVID-19 could worsen existing HAEaxilitate the onset of HAE in
asymptomatic carriers. Thus, it is important for EHpatients to take precautions to
reduce the likelihood of being infected by SARS-EVHAE patients who do
become infected might be at high risk of developsgvere COVID-19 and
aggravated HAE attacks. Therefore, we suggest aptaoged approach for the

duration of the COVID-19 pandemic: 1) HAE patiest®uld insist on more serious



long-term prophylaxis; and 2) medications for acittacks of angioedema should be
prepared. Considering the probable negative infleesf danazol on COVID-19, it
would be preferable to use C1-INH replacement agemtdrugs that target the
kinin-kallikrein system, i.e. icatibant, ecallargicbr lanadelumab, whenever these
first-line drugs are available. The therapeuticatsigies employed in HAE may
provide implications for COVID-19. The administ@ti of drugs that act on the
kinin-kallikrein pathway, for example, may offer redits for both HAE and
COVID-19, especially in patients with ARDS. We umgjg await further

observational and experimental data to verify threlgionships.
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Table 1. Overlapsin pathophysiology of COVID-19 and HAE.

Systems

COVID-19

HAE

Contact system

BK and DABK are expected t
increase if ACE2 is depleted.
Activation of the contact activatio
system could facilitate
damage by enhancin
vasopermeability and
pulmonary edema.

tissuy

loca

De

=)

g.
al

Activation of the contac

activation system is the cor

pathophysiological change
HAE.

Excessive generation of B
and DABK, and subseque
upregulation of B1R, lead t
vasopermeability an
angioedema.

t

=]

Complement system

The nucleocapsid (N) proteins
SARS-CoV-2 bind to MASP-2

Deficiency or dysfunction o
C1l-INH is the fundaments

f

e

which is key to the lectin pathway defect in the majority of HAE
of complement activation. patients.

* Extensive deposition afe  Both the classical and the lectin
complement system componemts complement pathway aj
were observed in pulmonary and activated during C1-INH
cutaneous lesions of severe deficiency.

COVID-19 patients
Coagulation and | = Coagulopathy is common ine Increased coagulation ar

fibrinolytic system

critically ill COVID-19 patients,
presenting as elevation D-dim
and other fibrin degradatio
productions, symptoms q
ischemia and thrombotic even|
and even DIC.

fibrinolytic activity have beer
demonstrated  during
attacks and remission perio
in HAE.

both

d

s

Cytokines

An elevated proinflammator
cytokine profile is very common i
patients with severe COVID-14
indicating a potentially importar
role of hyperinflammation.

An increase in Th17 cells has bej
found in COVID-19 patients.

—

Some cytokines produced |
Th1l7 and other type 17 cel
are significantly higher durin
HAE attacks and remissio
than controls.

IL-1 and TNFe can augmen
activation of the)
prekallikrein-HMWK complex,
representing a potentis
initiating event of angioedem|
attacks.
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Is

3“

t

=

ACE2, angiotensin-converting enzyme 2. BK, bradykiB1R, bradykinin receptor B1. C1-INH,
complement 1 inhibitor. COVID-19, coronavirus dise&019. DABK, des-Arg-bradykinin. DIC,

disseminated

intravascular

coagulopathy. HAE,

hegd angioedema.

HMWK,

high-molecular-weight kininogen complex. IL, inewukin. MASP-2, mannose-binding lectin
associated serine protease 2. SARS-CoV-2, sevate @spiratory syndrome coronavirus 2. Thl7,
T helper 17. TNFe, tumor necrosis factor alpha.



Figurelegends

Figure 1. The putative interaction of known patlgidal network in HAE and
COVIID-19

In hereditary angioedema (HAE) type 1 and 2, wité tleficiency of functional C1
inhibitor (C1-INH), plasma contact system can beraactivated, comprising of factor
1 (FJ), prekallikrein, kallikrein, high-molecular-weightininogen (HMWK), and
generate excessive bradykinin (BK). Factoa (Fa), activated form of factor],
coverts prekallikrein-HMWK complex to kallikrein-HWK complex, while factor
fragment (FIf) can weakly stimulate this converting processlliki@in digests
HMWK to BK and feedback activates factor. By carboxypeptidase N/M, BK
generates des-Arg (9)-bradykinin (DABK). BK bindskradykinin receptor B2 (B2R)
and DABK binds to both bradykinin receptor B1 (B1&)d B2R on the surface of
endothelial cells, promoting vasodilation and imsiag vascular permeability. The
target site of available therapeutic approaché$Ai including C1-INH replacement,
ecallantide, lanadelumab and icatibant, are shawd line. In coronavirus disease
19 (COVID-19), severe acute respiratory syndromemavirus-2 (SARS-CoV-2),
enter host cell via angiotensin converting enzym@QE2) on the cell surface and
reduce the membrane expression of ACE2. Because2A€Bn enzyme to cleave
DABK, the depletion of ACE2 induces the accumulatad DABK and possible BK
via negative feedback to BK degradation which medipulmonary edema and
inflammation. The overactivated contact system iAEHmight worsen BK and

DABK mediated lung injury in COVID-19. The targatesof available therapeutic



approaches in HAE including C1-INH replacement,llanéide, lanadelumab and
icatibant, are shown in red line, which might bedfé for COVID-19. C1-INH plays
an inhibited role in complement system by inhilgtithe activation of Clqrs, the
digestion of C4 and C2, C3b and mannose-bindingnl€d/BL)-associated serine
protease (MASP). Without sufficient functional Q4H, the complement system
might be enhanced activated which was also obsemnve€®VID-19, and facilitate the
development of lung injury. An elevation of T helpell 17 (Th17) cytokines such as
interleukin-6 (IL-6), IL-17, IL-21, transforming gwth factor (TGF{f) was found
in HAE patients, while the proinflammatory cytokineelease (IL-f, IL-1ra, IL-7,
etc.) and increased Th17 were observed in COVIDTh@. pre-existing cytokines in
HAE might favor the cytokines storm in COVID-19. -1 can upregulate the
expression of B1R on the endothelial surface andsewo DABK-mediated
inflammation. In HAE, the loss of inhibition on tac [, factor 1 and plasminogen
by C1-INH theoretically induce increased coagulatand fibrinolytic activity, but
realistic coagulable state of HAE patients hashesn clarified. A hypercoagulable
state was observed in COVID-19, especially in eaitiill patients. Whether the
deficient of C1-INH could impact the hematologispends in COVID-19 need to be

further investigated.
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