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ABSTRACT

Viral envelope glycoproteins are crucial for viral infections. In the process of enveloped viruses budding and release from
the producer cells, viral envelope glycoproteins are presented on the viral membrane surface as spikes, promoting the
virus’s next-round infection of target cells. However, the host cells evolve counteracting mechanisms in the long-term
virus-host co-evolutionary processes. For instance, the host cell antiviral factors could potently suppress viral
replication by targeting their envelope glycoproteins through multiple channels, including their intracellular
synthesis, glycosylation modification, assembly into virions, and binding to target cell receptors. Recently, a group of
studies discovered that some host antiviral proteins specifically recognized host proprotein convertase (PC) furin and
blocked its cleavage of viral envelope glycoproteins, thus impairing viral infectivity. Here, in this review, we briefly
summarize several such host antiviral factors and analyze their roles in reducing furin cleavage of viral envelope

glycoproteins, aiming at providing insights for future antiviral studies.
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Introduction

Viral envelope glycoproteins are a critical structural
component in the viruses’ host cell infection cycles
[1]. Morphologically, they are observed as typical
spikes, localize on the nascent virion surface, and are
responsible for recognizing cell receptors, thus indu-
cing the merger of viral membranes and cell mem-
branes [2]. Because of their crucial roles in cell
infection, the viral envelope glycoproteins are always
the targets of antivirals [3].

Currently, some studies uncovered that the host
antiviral proteins also target the viral envelope glyco-
proteins [4]. For instance, the endoplasmic reticulum
(ER)-associated protein degradation (ERAD) pathway
was used to enhance the degradation of the HIV-1
envelope glycoprotein by the mitochondrial transloca-
tor protein (TSPO) [5]. Serine incorporator 5 (SER-
INC5) suppressed HIV-1 infection at the entry step
by affecting viral envelope glycoprotein-mediated

virus-target cell fusion [6,7]. However, it has been
shown that the interferon (IFN)-induced transmem-
brane (IFITM) proteins and the lectin galactoside-
binding soluble 3 binding protein (LGALS3BP/90 K)
impairs the processing of viral envelope glycoproteins
[8,9], suggesting that these host antiviral proteins use
distinct antiviral modes.

Many intracellular proprotein convertases (PCs)
could cleave class I viral envelope glycoproteins
[2,10]. Furin, one member of the PC family, recognizes
and cleaves many cellular proprotein substrates and
invading pathogens’ components, including the viral
envelope glycoproteins [10]. As shown in the sche-
matic structure (Figure 1), furin consists of several
typical PC domains, of which the catalytic domain
(CD) and P domains are crucial in maintaining its
PC function [11]. The P domain regulates pH, calcium
dependency, and PC activity, while the CD domain is
critical for substrate recognition and cleavage [11,12].
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Schematic Structure Display of Furin and Each Antiviral Protein
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Figure 1. The structure analysis of furin, GBP, MARCHS8, a-SNAP, and PAR1 proteins. Each specific protein domain was indicated. In
furin, SP, signal peptide; PP, proprotein; CD, catalytic domain; P, P domain; Cys, cysteine-rich domain; TM, transmembrane domain;
Tail, cytoplasmic tail. In GBP, LG, large GTPase domain; HR, hinge region; MD, the middle domain; GED, GTPase effector domain. In
MARCHS, RING, the E3 ubiquitin ligase activity domain; TM, transmembrane domain; Tail, cytoplasmic tail. In a-SNAP, Syn-binding,
syntaxin-binding region; Syn/NSF-binding, syntaxin/NSF-binding region. In PAR1, N, N-terminus region; TM, transmembrane
region; ICL1/2/3, intracellular loop 1/2/3/; ECL1/2/3, extracellular loop 1/2/3.

Furin is sorted into several intracellular compart-
ments, such as ER and trans-Golgi network (TGN),
involved in endosomes recycling, transported onto
the plasma membrane (PM), and shed into the extra-
cellular space via autocleaving activity, demonstrating
it could cleave substrates intra- and extracellularly
[11]. Recently, many studies indicated that a group
of host antiviral proteins aimed at furin to block viral
envelope glycoprotein cleavage. These antiviral factors
include guanylate-binding proteins (GBP) 2 and 5
[13], membrane-associated Ring-CH (MARCH)8
[14], a-soluble N-ethylmaleimide sensitive fusion
(NSF) attachment protein (a-SNAP) [15], and pro-
tease-activated receptor 1 (PARI1) (Figure 1) [16].
Our minireview summarizes these antiviral factors’
blocking roles and analyzes their specific antiviral
mode in the following text.

GBP2/5

GBPs belong to the family of IFN-inducible guanosine
triphosphatases (GTPases) [17]. Currently, the human
GBP family comprises at least 7 members and plays
multiple roles in host cellular defense against patho-
genic viruses, bacteria, protozoa invasion, and regu-
lation of innate immunity signalling pathways [17].
GBPs contain a globular N-terminal large GTPase
(LG) domain and a C-terminal helical domain,
which are further divided into the middle domain
(MD) and the GTPase effector domain (GED)
(Figure 1) [18]. GTP binding could promote GBPs oli-
gomerization and trigger their hydrolysis potency. The
C-terminal CaaX isoprenylation motif and oligomeri-
zation are crucial for GBPs membrane-associated
localization [19], facilitating their antiviral function.
GBP5 was demonstrated as a potential restriction
factor for HIV-1 replication [20]. Subsequently,
Krapp et al. uncovered that GBP5 impaired HIV-1

progeny virion infectivity by blocking its envelope
glycoprotein cleavage, maturation, and virion incor-
poration and was strongly upregulated in response
to IFN in monocyte-derived macrophages (MDM)
and CD4" T cells [21]. The follow-up study indicated
that the GBP5 paralogue GBP2 also reduced HIV-1
infectivity via a similar mechanism [13].

In-depth work uncovered that GBP2/5 reduced
HIV-1 envelope glycoprotein processing via binding
to cellular protease furin and restricting its cleavage
activity (Figure 2A) [13]. GBP2/5 interacted with
furin and recognized its C-terminal cytoplasmic auto-
cleavage region (Figure 2B). Notably, GBP5 but not
GBP2 showed a pattern of TGN-localization. The
GBP2-C588A and GBP5-C583A (C-terminal CaaX to
AaaX variation) mutants lost their function in blocking
HIV-1 envelope glycoprotein processing and matu-
ration. Besides HIV-1 [13,21], GBP2/5 also inhibited
furin-dependent cleavage of diverse envelope glyco-
proteins of viruses, including the rabies virus
(RABV), European bat lyssavirus 1 (EBLV-1), Mar-
burg virus (MARYV), highly pathogenic avian influenza
A virus (HPIAV), murine leukemia virus (MLV), Zika
virus (ZIKV), and measles virus (MeV) [13]. Intrigu-
ingly, GBP2/5 also significantly reduced the pseudo-
virus infection mediated by the ancient extinct
human endogenous retrovirus K (HERK) envelope
glycoprotein [22], which harboured a furin-cleavage
site [23]. GBP2/5 impaired HERK envelope glyco-
protein cleavage and maturation [22], consistent with
their blocking role on furin cleavage activity [13,21].

The newly emerged severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) spike (S) glyco-
protein contains a polybasic furin-cleavage site and
could be cleaved by furin [24], and the furin cleavage
site in SARS-CoV-2 S protein was required for its
efficient transmission in vitro and in vivo [25,26]. It
thus would be interesting to determine whether
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Figure 2. A. The model of GBP2/5 inhibiting furin cleavage of HIV-1 envelope (Env) glycoprotein. HIV-1 Env is high-mannose N-
glycosylated in ER and then transported to the Golgi network. At TGN, HIV-1 Env (gp160) completes complex N-glycosylation
modification and is processed by furin into gp120 and gp41 subunits, which are then relinked formed homologous self-trimer.
The trimeric gp120-gp41 glycoproteins are subsequently transported to the plasma membrane. GBP2/5 could recognize and

bind to furin at TGN and thus suppresses furin cleavage of HIV-1

gp160. The uncleaved gp160 trimer could be transported to

the plasma membrane but makes the nascent virion particles less active than those containing the cleaved gp120-gp41 trimer

after being integrated into the viral membranes. B. Furin domain

GBP2/5 could effectively inhibit SARS-CoV-2 infec-
tion via blocking furin cleavage of its S glycoprotein.

Importantly, GBP2/5 also reduced infectivity of
viral particles pseudotyped by Lassa virus (LASV)
envelope glycoprotein, which is cleaved by another
cellular protease PCSK8/SKI other than furin,
suggesting the broader inhibitory effects of GBP2/5
on cellular PC [13].

Recently, Cui et al. dissected the structural basis of
GTP-induced dimerization of GBP5 [27], which
confirmed that GTP-induced oligomerization was
crucial for its antiviral activity. Meanwhile, their
work demonstrated that the GBP5 L307A-P308A
mutant had little effect on the inhibition of furin clea-
vage activity and HIV-1 envelope glycoprotein

recognized by GBP2/5.

processing but lowered its HIV-1 infection restriction
[27], arguing that GBPs may employ furin-indepen-
dent pathways to inhibit viral infection, such as alter-
ing viral envelope glycoprotein glycosylation or
trafficking. The GBP2/5-furin complex crystal struc-
ture recovery is expected to provide more scientific
evidence to understand GBPs  antiviral mechanism,
and whether GBP2/5-mediated furin cleavage inhi-
bition is conserved among mammalian species
remains to be elucidated.

MARCHS8

MARCH proteins were discovered because of their
homology to E3 ubiquitin ligase of K3 and K5 of the
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Kaposi’s sarcoma-associated herpesvirus (KSHV)
[28]. MARCH family proteins now contain 11 mem-
bers, most of which share a similar structure, i.e. N-
terminal cytoplasmic C4HC3-type RING-finger
domain (RING-CH finger) and two or more trans-
membrane domains (TM) (Figure 1), except for
MARCH7?7 and MARCHI10 without predicted TMs
[29]. MARCH proteins extensively regulate cell sur-
face adaptive immunity proteins [30], innate immu-
nity signal transduction [31,32], and autophagy
pathways [33] and are recently indicated antiviral
activities [34-37].

Tada et al. discovered MARCHS inhibited HIV-1
infection by reducing its envelope glycoprotein incor-
poration into virions [34]. Unlike vesicular stomatitis
virus G-glycoprotein induced by MARCHS to enter
lysosome pathways via a mode of viral envelope glyco-
protein cytoplasmic tail-dependence (CTD) [38,39],
the HIV-1 envelope glycoprotein was not degraded
but proved to be sequestered in intracellular compart-
ments by MARCHS through a mode of viral envelope
glycoprotein cytoplasmic tail-independence (CTI)
[38,39]. Later studies confirmed MARCHI1/2 also
exhibited antiviral activities [35,40], and the
MARCH proteins antiviral spectrum was extended
to ebolavirus (EBOV) [14,39], SARS-CoV-2 [39,40],
MLV [40], influenza A virus (IAV) [41-43], spring
viremia of carp virus (SVCV) [44], and many other
viruses [40,45].

Under the CTI antiviral pattern, MARCH8 was
identified to block EBOV glycoproteins (GP) cleavage
and glycosylation maturation (Figure 3A) [14,39].
MARCHS interacted with EBOV GP and furin, and
EBOV GP bound to furin CD, demonstrating
MARCHS recognized furin beyond its CD (Figure
3B) [14]. The EBOV GP-furin complex was preserved
in TGN but not ER in the presence of MARCH8
(Figure 3A) [14]. Previously, it was reported that
MARCH?2 proteins could induce redistribution of
transporter proteins, including syntaxin 6 and SNAP
receptors (SNAREs) that mediated endosomal
trafficking [46]. Similarly, the retention of the EBOV
GP-furin complex at TGN by MARCH8 may result
from the translocation of these transporter machinery
proteins. A critical intracellular membrane trafficking
regulation protein, a-SNAP, inhibited SARS-CoV-2
infection by blocking furin-mediated S glycoprotein
cleavage (Figure 4A) [15]. It thus should be necessary
to explore whether MARCHS retained the EBOV GP-
furin complex via interference of a-SNAP trafficking.
Lun et al. observed MARCHS’s blocking effects on
SARS-CoV-2 S glycoprotein cleavage and glycosyla-
tion maturation [39], similar to the observed pheno-
type in EBOV GP. Whether SARS-CoV-2 S
glycoprotein  inefficient cleavage arose from
MARCHS blocking of furin cleavage activity needs
to be clarified.

MARCHS has high lung expression and restricted
IAV HINI1 infection in vitro and in vivo [41,42]. It
thus deserves to verify MARCHS8 anti-SARS-CoV-2
infection in vivo. Notably and intriguingly, different
from the CTI antiviral mode [38,39], it was found
MARCHS also engaged the CTD antiviral pattern in
reducing HIV-1 infection [40]. Therefore, it would
be intriguing to determine whether MARCHS8 com-
bats the same virus infection via both fruin-dependent
(CTI) and furin-independent (CTD) antiviral
mechanisms.

It was reported that MARCH1/2 used the CTT anti-
viral mode similar to MARCHS in restricting HIV-1
infection [35]. It is necessary to determine whether
MARCH1/2 inhibits furin cleavage of the HIV-1
envelope glycoprotein and whether MARCH mem-
bers from other mammalian species can use the
furin-targeted CTI antiviral mechanism. The
MARCHS-furin complex crystal structure has yet to
be acquired, and its future dissection will provide
more detailed information for MARCHS8 antiviral
effects.

a-SNAP

SNAP family proteins in mammals contain three iso-
forms, i.e. the a, B, and y-SNAP, which are involved in
cellular vesicle trafficking machinery [47]. a- and Y-
SNAP showed a ubiquitous expression pattern in
many tissues, while B-SNAP indicated a specific
expression in the brain [48]. a-SNAP has a more
than 80% amino acid (aa) homology with B-SNAP
while sharing about 25% identity with y-SNAP [48].
All SNAPs contain several predicted coiled-coil struc-
tures implying for mediation of protein interaction
(Figure 1). The NSF/a-SNAP/SNARE complex crystal
structure was dissected [49,50].

Generally, a-SNAP binds to its membrane-associ-
ated receptor SNARE proteins, then recruits the NSF
and forms a heterooligomeric complex [51]. NSF-
mediated ATP hydrolysis induced SNARE confor-
mational changes and promoted the disassembly of
the heterooligomeric complex [52].

Over the past years, few studies have investigated
the a-SNAP antiviral function. Recently, a-SNAP
was demonstrated to inhibit SARS-CoV-2 infection
in vitro by impairing its cellular entry (Figure 4A)
[15]. SARS-CoV-2 S glycoprotein contained a furin
cleavage site between the S1 and S2 subunit. a-SNAP
bound to furin and blocked its cleavage on SARS-
CoV-2 S glycoprotein, and the a-SNAP N-terminal
40 aa and C-terminus 231-250 aa were critical for its
furin recognition [15].

Like GBP2/5 [13], a-SNAP is also IFN-inducible
[15]. Differed from GBP2/5 and possibly MARCHS
[13,14], the P domain of furin was necessary for a-
SNAP recognition (Figure 4B) [15]. B-SNAP but not
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Figure 3. A. The model of MARCH8 suppresses the cleavage and glycosylation maturation of EBOV GP. In ER, EBOV GP starts high-
mannose N-glycosylation. After entry into the Golgi network, EBOV GP experiences complex N-glycosylation and O- glycosylation
and is cleaved into two GP subunits (GP1 and GP2) by host furin proprotein convertase. The GP1 and GP2 relink and form the self-
trimer, which is then transported to the cell surface. However, at TGN, in the presence of MARCHS, furin cleavage activity is
blocked. Correspondingly, EBOV GP is unable to be cleaved by furin. In addition, MARCHS8 traps the EBOV GP at TGN, leading
to its retention and thus blocking its further transportation to the cell plasma membrane. PM: plasma membrane; TGN: trans-
Golgi network; ER: endoplasmic reticulum. B. Furin domain recognized by MARCHS.

y-SNAP showed a similar pattern to a-SNAP on inhi-
bition of SARS-CoV-2 S glycoprotein cleavage, prob-
ably due to the high aa sequence identity between a-
SNAP and B-SNAP [15]. Other than SARS-CoV-2,
a-SNAP also blocked the envelope glycoprotein clea-
vage of EBOV, MARYV, and MERS-CoV, designating
a relatively broad spectrum of a-SNAP antiviral func-
tion [15].

The NSF/a-SNAP/SNARE complex is important in
intracellular vesicle trafficking. However, Wang et al.
demonstrated that the C-terminal 45 aa of a-SNAP
(Figure 1), which interacts with NSF, was not required
for blocking SARS-CoV-2 S glycoprotein cleavage
[15], confirming a novel and vesicle trafficking-inde-
pendent mode of a-SNAP biological function. Nota-
bly, their work also indicated that the a-SNAP F27S/

F28S mutant weakened its furin binding but blocked
SARS-CoV-2 infection early, implying an additional
antiviral mode, independent of inhibition of SARS-
CoV-2 S glycoprotein cleavage, which deserves further
investigation.

PAR1

The PAR family proteins belong to the G-protein
coupled receptor (GPCR) superfamily and currently
include four members termed PAR1-4 [53]. Structu-
rally, PAR proteins contain an extracellular N-termi-
nus, including the signal peptide, seven TM helices,
three intracellular loops, three extracellular loops
(ECL), and an intracellular C-terminus (Figure 1)
[54]. PAR1 and PAR2 were activated via proteolytic
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Figure 4. A. The model of a-SNAP suppressing the cleavage of SARS-CoV-2 Sipke (S) glycoprotein. SARS-CoV-2 S glycoprotein is
synthesized, high-mannose N-glycosylated, and trimerized in ER, where it is transported to the Golgi network. The S trimer is
modified with complex N-glycosylation and O- glycosylation, cleaving into S1 and S2 subunits by furin. The S1-S2 trimer is trans-
ported to the ER-Golgi intermediate compartment (ERGIC) through retrograde trafficking or lysosome, where the virus assembly
and egress happen. The S glycoprotein cleavage is blocked in the presence of a-SNAP at TGN. When integrated into the SARS-CoV-
2 virion particles, the virion with uncleaved S glycoprotein is less infectious than that with cleaved S1-S2 glycoprotein. B. Furin

domain recognized by a-SNAP. EC, extracellular space.

cleavage of their N-terminal propeptide to expose the
tethered ligand (TT), which interacted with their ECL
domain and thus induced conformational changes
that can elicit intracellular signal transduction [54].
PAR1 and PAR2 are localized at intracellular mem-
brane compartments such as TGN or PM and are
widely involved in signalling pathways, which play
multiple roles in inflammation, cancer, and embryo-
genesis [55].

Aerts et al. discovered that PAR1 antagonist
reduced symptomatic human metapneumovirus
(hMPYV) infection in mice, and PARI inhibited furin
cleavage of hAMPV F protein [56]. Subsequent studies
indicated that PAR1 also suppressed HIV-1 gpl60
cleavage by furin (Figure 5A) [16]. PAR1 could be
cleaved by soluble PC5A and paired basic amino
acid cleaving enzyme 4 (PACE4) at R46. Although

identified by the two proteases, membrane-bound
furin and PC5B did not cleave the cell surface PARI.
Further study showed PARI1-furin complex at PM
was translocated to and trapped at TGN [16]. Cytoso-
lic adapter phosphofurin acidic cluster sorting protein
1 (PACS1) played a key role in PARI-furin complex
cell surface downregulation [57]. Both cytoplasmic
tails of furin and PARI could be targeted by PACS1
in their PM translocation. Binding by PARI made
furin unable to cleave its viral envelope substrates
and blocked viral replication (Figure 5A) [57]. N-
terminal TI of PAR1 (PR,;SFLLR4N), but not the
PAR1 (PR, SFLLA N) mutant, blocked furin clea-
vage of HIV-1 gp160, indicating the region contained
the two basic residues (R4; and Ry6) was recognized by
furin [16] probably via its CD domain (Figure 5B),
which was responsible for furin substrate cleavage.
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Because of mutual antagonization, the PARI1-furin
complex and their translocation provided a protective
mechanism in HIV-associated neurocognitive dis-
orders (HAND) [57].

Similar to GBP2/5, MARCHS, and a-SNAP block-
ing role on viral infection by targeting furin [13-15], it
is rational to deduce that PAR1 probably restricts
infection of a broad spectrum of enveloped viruses,
other than hMPV and HIV-1 [16,56,57], whose envel-
ope glycoproteins depend on furin cleavage. Mean-
time, it deserves to try whether PARI-mediated viral
infection inhibition is conserved across mammalian
species and whether PARI1 played roles in HIV-1 or
viruses’ cross-species transmission.

LGALS3BP/90 K, IFITMs, and inhibitors

LGALS3BP/90 K is a secreted IFN-inducible glyco-
protein and has multiple roles in neoplastic transform-
ation and innate immunity [58]. Originally, it was
demonstrated that 90 K was upregulated in HIV-1-
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Figure 5. A. The model of PART suppressing the cleavage of HIV-1 glycoprotein. As described in Figure 2, HIV-1 gp160 needs to be
cleaved by furin. PAR1 interacts with furin, which is downregulated by PACS-1 from the plasma membrane and trapped at TGN,
where furin is inhibited from cleaving HIV-1 gp160. B. Furin domain recognized by PAR1.

infected CD4" T cells and individuals [59]. Lodermeyer
et al. dissected the anti-HIV-1 infection role of 90 K [9],
and it was subsequently confirmed that 90k inhibited
the replication of various kinds of viruses via activating
the innate immune signalling [60]. Overexpression of
90K in 293 T cells reduced HIV-1 infection, while
endogenous knockdown of 90 K in HeLa cells and pri-
mary macrophages enhanced HIV-1 infection; IFN-a
stimulation upregulated cellular 90 K expression in
293 T cells and macrophages and enhanced its anti-
HIV-1 infection activity [9].

HIV-1 gp160 proteolytic processing and gp120 vir-
ion incorporation were impaired in the presence of
90 K [9]. To verify whether furin was involved in
90K-mediated inhibition of HIV-1 gpl60 cleavage,
several known furin substrates were tested, including
EBOV GP, IAV H7 hemagglutinin (HA), and GPC-
3. However, EBOV GP cleavage was significantly
blocked in the presence of 90 K, while IAV HAO0 and
cellular GPC-3 precursors cleavage were less affected
by 90 K [9]. Thus, the authors demonstrated that
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furin was less possibly targeted by 90 K. Interestingly,
though impaired HIV-1 gp160 cleavage, 90 K did not
directly interact with HIV-1 envelope glycoproteins
[9]. A direct binding assay was needed between furin
and 90 K but was not performed in their work. Fol-
low-up work showed that the antiviral activity of the
90 K was conserved across primates except for rhesus
macaque [61]. In addition, besides blocking HIV-1
envelope glycoprotein processing, 90 K was also
demonstrated to inhibit HIV-1 virion production in
a vimentin filaments-dependent manner [62].

Recently, an investigation indicated LGALS3BP/
90 K was markedly elevated in COVID-19 patients
[63], a phenomenon similarly observed in AIDS
patients [59]. However, in contrast to 90K’s unable
to bind to HIV-1 envelope glycoprotein [9], SARS-
CoV-2 spike glycoprotein pulled down LGALS3BP/
90 K, and the LGALS3BP/90 K overexpression inhib-
ited SARS-CoV-2 spike-pseudotyped viral particles
entry and spike-induced cell-cell fusion in vitro [63],
indicating 90 K impaired SARS-CoV-2 S glycoprotein
function. Considering SARS-CoV-2 S contained the
furin cleavage site [24], 90 K may recognize and inter-
fere furin cleavage of SARS-CoV-2 S. As in the case of
90 K restricting HIV-1 infection [9], a direct binding
verification is also needed amongst LGALS3BP/90 K,
furin, and SARS-CoV-2 S in future work. IFITMs
are membrane-associated and ubiquitously expressed
proteins that have multiple roles in cellular innate
and adaptive immunity [64,65]. The human IFITM
family includes 5 members, IFITM1-3, IFITM-5, and
IFITM-10 [66]. Brass et al. discovered that IFITM pro-
teins restricted replication of IAV HINI1, West Nile
virus (WNV), and dengue virus (DENV) [8]. Sub-
sequent studies showed that IFITM broadly restricted
a group of viruses, including EBOV, MARV, HIV-1,
ZIKV, SARS-CoV-1, and SARS-CoV-2 [66-68].
Compton et al. reported that IFITM1-3 restricted
HIV-1 cell-to-cell infection [69], and Yu et al. found
that IFITM2/3 substantially reduced HIV-1 envelope
glycoprotein processing [70]. As mentioned above,
furin could cleave HIV-1 gp160. Therefore, IFITM
may interact with furin to impair HIV-1 gp160 pro-
teolytic processing, which needs further examination.
Interestingly, while limiting SARS-CoV-2 replication
[68], SARS-CoV-2 occasionally hijacked IFITMs to
increase viral infection [71,72].

In addition to host antiviral factors, small molecu-
lar compounds targeting furin are also used for clinical
antiviral strategies [10]. The well-known decanoyl-
Arg-Val-Lys-Arg-chloromethyl ketone (dec-RVKR-
cmk, CMK), a small synthetic inhibitor of PC includ-
ing furin, suppressed cleavage of HIV-1 envelope gly-
coprotein, ZIKV prM, and SARS-CoV-2 S [73-75].
Some furin inhibitors significantly reduced viral titres
of WNV and DENV and the spread of IAV [76,77].
Obatoclax was reported to inhibit the replication of

IAV, ZIKV, and SARS-CoV-2 [78-80], and it utilized
multiple strategies to block SARS-CoV-2 infection,
including reducing furin expressions [80].

Statins, the cholesterol-lowering drug, was confirmed
to suppress HIV-1 and EBOV infection [81,82]. It
reduced EBOV GP cleavage, glycosylation modification,
and GP incorporation into virions, similar to the
MARCHS8 modulation effects on EBOV GP [82].
Though not demonstrated previously, it deserves to
try whether statins target furin to block viral replication.

Concluding remarks

Here, we summarized recently identified host innate
immunity factors that exerted their antiviral activities
through inhibiting furin cleavage activity, including
GBP2/5, MARCHS8, a-SNAP, PARI1, possibly
LGALS3BP/90 K and IFITMs, and some inhibitors/
drugs. Their antiviral spectrum can be extended from
SARS-CoV-2, EBOV, and HIV-1 to many other envel-
oped viruses. Generally, they all could block the clea-
vage of viral envelope glycoproteins. However,
besides cleavage inhibition, GBP2/5 and MARCHS8
also used distinct modes to block viral replication,
including altering the envelope glycoprotein glycosyla-
tion modification or its intracellular trafficking, which
indicated a complex regulation of their antiviral strat-
egies. GBP2/5 and a-SNAP were IFN-inducible
[13,15], while MARCHS was not sensitive and showed
highly endogenous expressions [34], indicating a solid
intrinsic immunity defense against virus infection.

Though these antiviral factors potently inhibited
virus replication, fewer viral antagonizing mechan-
isms were reported. HIV-1 evaded GBP5 by mutations
of Vpu, which improved HIV-1 Env production and,
thus, more resistant to GBP5 [21]. IAV HIN1 could
evade MARCHS restriction via M2 K78R mutation
[41]. MLV glycoGag could neutralize IFITM3 and
thus enhance viral replication [83]. Therefore, it is
necessary to determine whether other viruses also
evolved such resisting mechanisms. Notably, furin as
cellular PC is responsible for the cleavage of cellular
proteins, implying these antiviral factors are also
involved in regulating cellular proproteins cleavage.

In conclusion, furin is targeted by many host pro-
teins to block viral infection. Future studies are war-
ranted to explore more novel host antiviral factors,
as discussed here, and the mechanism dissection of
such antiviral factors will shed new light on antiviral
drugs and vaccine design and development.

Author contributions

C.Y., G.W., and Q.L. contributed to the concept of this
work, images acquisition, and manuscript prep-
aration; J.Z. contributed to images acquisition; M.X.,
Q.L., Y.X. and C.Z. contributed to the concept of



this work, images acquisition, and manuscript prep-
aration and revision. All authors contributed to this
study and approved the submitted version.

Acknowledgements

We thank Dr. Wenbo Tan, Yulong Zhou, and Decheng
Yang for the insightful discussion.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work aided by Science and Technology Planning Pro-
ject of YiBin/NanChong (Grant YBZYSC22BK07 and
22XCZX0003).

Data availability statement

The data supporting this study’s findings are available upon
reasonable request.

References

(1]

(2]
(3]

(4]

(5]

[10]

(11]

[12]

Poranen MM, Daugelavicius R, Bamford DH.
Common principles in viral entry. Annu Rev
Microbiol. 2002;56:521-538.

Plemper RK. Cell entry of enveloped viruses. Curr
Opin Virol. 2011 Aug;1(2):92-100.

LuL, SuS, Yang H, et al. Antivirals with common tar-
gets against highly pathogenic viruses. Cell. 2021 Mar
18;184(6):1604-1620.

Wei W, Yu XF. HIV-1 envelope under attack. Trends
Microbiol. 2016 Mar;24(3):164-166.

Zhou T, Dang Y, Zheng YH. The mitochondrial trans-
locator protein, TSPO, inhibits HIV-1 envelope glyco-
protein biosynthesis via the endoplasmic reticulum-
associated protein degradation pathway. ] Virol
2014 Mar;88(6):3474-3484.

Usami Y, Wu Y, Gottlinger HG. SERINC3 and
SERINCS restrict HIV-1 infectivity and are counter-
acted by Nef. Nature. 2015 Oct 8;526(7572):218-
223.

Rosa A, Chande A, Ziglio S, et al. HIV-1 Nef promotes
infection by excluding SERINC5 from virion incor-
poration. Nature. 2015 Oct 8;526(7572):212-217.
Brass AL, Huang IC, Benita Y, et al. The IFITM pro-
teins mediate cellular resistance to influenza A
HINI1 virus, West Nile virus, and dengue virus. Cell.
2009 Dec 24;139(7):1243-1254.

Lodermeyer V, Suhr K, Schrott N, et al. 90 K, an inter-
feron-stimulated gene product, reduces the infectivity
of HIV-1. Retrovirology. 2013 Oct 24;10:111.

Braun E, Sauter D. Furin-mediated protein processing
in infectious diseases and cancer. Clin Transl
Immunology. 2019;8(8):e1073.

Thomas G. Furin at the cutting edge: from protein
traffic to embryogenesis and disease. Nat Rev Mol
Cell Biol. 2002 Oct;3(10):753-766.

Zhou A, Martin S, Lipkind G, et al. Regulatory roles
of the P domain of the subtilisin-like prohormone

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

Emerging Microbes & Infections . 9

convertases. J Biol Chem. 1;273
(18):11107-11114.

Braun E, Hotter D, Koepke L, et al. Guanylate-binding
proteins 2 and 5 exert broad antiviral activity by
inhibiting  furin-mediated processing of viral
envelope proteins. Cell Rep. 2019 May 14;27
(7):2092-104 el0.

Yu G, Li S, Zhang X, et al. MARCHS inhibits ebola
virus glycoprotein, human immunodeficiency virus
type 1 envelope glycoprotein, and avian influenza
virus H5N1 hemagglutinin maturation. mBio. 2020
Sep 15;11(5):e01882-20.

Wang J, Luo J, Wen Z, et al. Alpha-soluble NSF
attachment protein prevents the cleavage of the
SARS-CoV-2 spike protein by functioning as an inter-
feron-upregulated furin inhibitor. mBio. 2022 Jan
11;13(1):¢0244321.

Kim W, Zekas E, Lodge R, et al. Neuroinflammation-
induced interactions between protease-activated
receptor 1 and proprotein convertases in HIV-associ-
ated neurocognitive disorder. Mol Cell Biol. 2015
Nov;35(21):3684-3700.

Zhang R, Li Z, Tang YD, et al. When human guany-
late-binding proteins meet viral infections. ] Biomed
Sci. 2021 Mar 5;28(1):17.

Prakash B, Praefcke GJ, Renault L, et al. Structure of
human guanylate-binding protein 1 representing a
unique class of GTP-binding proteins. Nature. 2000
Feb 3;403(6769):567-571.

Modiano N, Lu YE, Cresswell P. Golgi targeting of
human guanylate-binding protein-1 requires nucleo-
tide binding, isoprenylation, and an IFN-gamma-
inducible cofactor. Proc Natl Acad Sci U S A. 2005
Jun 14;102(24):8680-8685.

McLaren PJ, Gawanbacht A, Pyndiah N, et al
Identification of potential HIV restriction factors by
combining evolutionary genomic signatures with
functional analyses. Retrovirology. 2015 May 16;12:41.
Krapp C, Hotter D, Gawanbacht A, et al. Guanylate
Binding Protein (GBP) 5 is an interferon-inducible
inhibitor of HIV-1 infectivity. Cell Host Microbe.
2016 Apr 13;19(4):504-514.

Srinivasachar Badarinarayan S, Shcherbakova I,
Langer S, et al. HIV-1 infection activates endogenous
retroviral promoters regulating antiviral gene
expression. Nucleic Acids Res. 2020 Nov 4;48
(19):10890-10908.

Hanke K, Kramer P, Seeher S, et al. Reconstitution of
the ancestral glycoprotein of human endogenous ret-
rovirus k and modulation of its functional activity by
truncation of the cytoplasmic domain. J Virol. 2009
Dec;83(24):12790-12800.

Hossain MG, Tang YD, Akter S, et al. Roles of the
polybasic furin cleavage site of spike protein in
SARS-CoV-2 replication, pathogenesis, and host
immune responses and vaccination. ] Med Virol.
2022 May;94(5):1815-1820.

Papa G, Mallery DL, Albecka A, et al. Furin cleavage of
SARS-CoV-2 spike promotes but is not essential for
infection and cell-cell fusion. PLoS Pathog. 2021
Jan;17(1):e1009246.

Peacock TP, Goldhill DH, Zhou J, et al. The furin clea-
vage site in the SARS-CoV-2 spike protein is required
for transmission in ferrets. Nat Microbiol. 2021 Jul;6
(7):899-909.

Cui W, Braun E, Wang W, et al. Structural basis for
GTP-induced dimerization and antiviral function of

1998 May



10 e C.Yuetal.

(28]

[29]

[30]

(31]

[32]

(33]

(34]

[35]

[36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

guanylate-binding proteins. Proc Natl Acad Sci U S A.
2021 Apr 13;118(15):€2022269118.

Bartee E, Mansouri M, Hovey Nerenberg BT, et al.
Downregulation of major histocompatibility complex
class I by human ubiquitin ligases related to viral
immune evasion proteins. ] Virol. 2004 Feb;78
(3):1109-1120.

Tada T, Zhang Y, Fujita H, et al. MARCHS: the tie that
binds to viruses. FEBS J. 2022 Jul;289(13):3642-3654.
Lin H, Li S, Shu HB. The membrane-associated
MARCH E3 ligase family: emerging roles in immune
regulation. Front Immunol. 2019;10:1751.

Zheng C. The emerging roles of the MARCH ligases in
antiviral innate immunity. Int J Biol Macromol. 2021
Feb 28;171:423-427.

Yang X, Shi C, Li H, et al. MARCHS attenuates cGAS-
mediated innate immune responses through ubiquity-
lation. Sci Signal. 2022 May 3;15(732):eabk3067.

Jin S, Cui J. BST2 inhibits type I IEN (interferon) sig-
naling by accelerating MAVS degradation through
CALCOCO2-directed autophagy. Autophagy.
2018;14(1):171-172.

Tada T, Zhang Y, Koyama T, et al. MARCHS inhibits
HIV-1 infection by reducing virion incorporation of
envelope glycoproteins. Nat Med. 2015 Dec;21
(12):1502-1507.

Zhang Y, Tada T, Ozono S, et al. Membrane-associ-
ated RING-CH (MARCH) 1 and 2 are MARCH family
members that inhibit HIV-1 infection. J Biol Chem.
2019 Mar 8;294(10):3397-3405.

Zhang Y, Lu ], Liu X. MARCH2 is upregulated in
HIV-1 infection and inhibits HIV-1 production
through envelope protein translocation or degra-
dation. Virology. 2018 May;518:293-300.

Zheng C, Tang YD. When MARCH family proteins
meet viral infections. Virol J. 2021 Mar 2;18(1):49.
Zhang Y, Tada T, Ozono S, et al. MARCHS inhibits
viral infection by two different mechanisms. Elife.
2020 Aug 11;9:€57763.

Lun CM, Waheed AA, Majadly A, et al. Mechanism of
viral glycoprotein targeting by membrane-associated
RING-CH proteins. mBio. 2021 Mar 16;12(2):
€00219-21.

Umthong S, Lynch B, Timilsina U, et al. Elucidating
the antiviral mechanism of different MARCH factors.
mBio. 2021 Mar 2;12(2):e03264-20.

Liu X, Xu F, Ren L, et al. MARCHS inhibits influenza
A virus infection by targeting viral M2 protein for ubi-
quitination-dependent degradation in lysosomes. Nat
Commun. 2021 Jul 20;12(1):4427.

Villalon-Letelier F, Brooks AG, Londrigan SL, et al.
MARCHS restricts influenza A virus infectivity but
does Not downregulate viral glycoprotein expression
at the surface of infected cells. mBio. 2021 Oct 26;12
(5):e0148421.

Villalon-Letelier F, Farrukee R, Londrigan SL, et al.
Isoforms of human MARCHI1 differ in ability to
restrict influenza A viruses due to differences in their
N terminal cytoplasmic domain. Viruses. 2022 Nov
18;14(11):v14112549.

LiC, ShiL, Gao Y, et al. HSC70 inhibits spring viremia
of carp virus replication by inducing MARCHS8-
mediated lysosomal degradation of G protein. Front
Immunol. 2021;12:724403.

Zhang Y, Ozono S, Tada T, et al. MARCHS targets
cytoplasmic lysine residues of various viral envelope

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

glycoproteins. Microbiol Spectr. 2022 Feb 23;10(1):
€0061821.

Nakamura N, Fukuda H, Kato A, et al. MARCH-II
is a syntaxin-6-binding protein involved in
endosomal trafficking. Mol Biol Cell. 2005 Apr;16
(4):1696-1710.

Andreeva AV, Kutuzov MA, Voyno-Yasenetskaya TA.
A ubiquitous membrane fusion protein alpha SNAP: a
potential therapeutic target for cancer, diabetes and
neurological disorders? Expert Opin Ther Targets.
2006 Oct;10(5):723-733.

Whiteheart SW, Griff IC, Brunner M, et al. SNAP
family of NSF attachment proteins includes a brain-
specific isoform. Nature. 1993 Mar 25;362
(6418):353-355.

Furst J, Sutton RB, Chen ], et al. Electron cryomicro-
scopy structure of N-ethyl maleimide sensitive factor
at 11 A resolution. EMBO J. 2003 Sep 1;22
(17):4365-4374.

Zhou Q, Huang X, Sun §, et al. Cryo-EM structure of
SNAP-SNARE assembly in 20S particle. Cell Res. 2015
May;25(5):551-560.

Zhao C, Slevin JT, Whiteheart SW. Cellular functions
of NSF: not just SNAPs and SNAREs. FEBS Lett. 2007
May 22;581(11):2140-2149.

Jahn R, Lang T, Sudhof TC. Membrane fusion. Cell.
2003 Feb 21;112(4):519-533.

Han X, Nieman MT, Kerlin BA. Protease-activated
receptors: an illustrated review. Res Pract Thromb
Haemost. 2021 Jan;5(1):17-26.

Chandrabalan A, Ramachandran R. Molecular mech-
anisms regulating proteinase-activated receptors
(PARs). FEBS J. 2021 Apr;288(8):2697-2726.

Adams MN, Ramachandran R, Yau MK, et al
Structure, function and pathophysiology of protease
activated receptors. Pharmacol Ther. 2011 Jun;130
(3):248-282.

Aerts L, Hamelin ME, Rheaume C, et al. Modulation
of protease activated receptor 1 influences human
metapneumovirus disease severity in a mouse model.
PLoS One. 2013;8(8):€72529.

Sachan V, Lodge R, Mihara K, et al. HIV-induced neu-
roinflammation: impact of PARI and PAR2 proces-
sing by Furin. Cell Death Differ. 2019 Oct;26
(10):1942-1954.

Capone E, Tacobelli S, Sala G. Role of galectin 3 bind-
ing protein in cancer progression: a potential novel
therapeutic target. ] Transl Med. 2021 Sep 26;19
(1):405.

Tacobelli S, Natoli C, D’Egidio M, et al. Lipoprotein
90K in human immunodeficiency virus-infected
patients: a further serologic marker of progression. J
Infect Dis. 1991 Oct;164(4):819.

Xu G, Xia Z, Deng F, et al. Inducible LGALS3BP/90 K
activates antiviral innate immune responses by target-
ing TRAF6 and TRAF3 complex. PLoS Pathog. 2019
Aug;15(8):€1008002.

Lodermeyer V, Ssebyatika G, Passos V, et al. The anti-
viral activity of the cellular glycoprotein LGALS3BP/
90 K Is species specific. ] Virol. 2018 Jul 15;92(14):
€00226-18.

Wang Q, Zhang X, Han Y, et al. M2BP inhibits HIV-1
virion production in a vimentin filaments-dependent
manner. Sci Rep. 2016 Sep 8;6:32736.

Gutmann C, Takov K, Burnap SA, et al. SARS-CoV-2
RNAemia and proteomic trajectories inform



[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

(74]

prognostication in COVID-19 patients admitted to
intensive care. Nat Commun. 2021 Jun 7;12(1):3406.
Zhao X, Li J, Winkler CA, et al. IFITM genes, variants,
and their roles in the control and pathogenesis of viral
infections. Front Microbiol. 2018;9:3228.

Yanez DC, Ross S, Crompton T. The IFITM protein
family in adaptive immunity. Immunology. 2020
Apr;159(4):365-372.

Bailey CC, Zhong G, Huang IC, et al. IFITM-family
proteins: the cell’s first line of antiviral defense.
Annu Rev Virol. 2014 Nov 1;1:261-283.

Savidis G, Perreira JM, Portmann JM, et al. The
IFITMs inhibit Zika virus replication. Cell Rep. 2016
Jun 14;15(11):2323-2330.

Shi G, Kenney AD, Kudryashova E, et al. Opposing
activities of IFITM proteins in SARS-CoV-2 infection.
EMBO J. 2021 Feb 1;40(3):e106501.

Compton AA, Bruel T, Porrot F, et al. IFITM proteins
incorporated into HIV-1 virions impair viral fusion and
spread. Cell Host Microbe. 2014 Dec 10;16(6):736-747.
Yu J, Li M, Wilkins J, et al. IFITM proteins restrict
HIV-1 infection by antagonizing the envelope glyco-
protein. Cell Rep. 2015 Oct 6;13(1):145-156.

Prelli Bozzo C, Nchioua R, Volcic M, et al. IFITM pro-
teins promote SARS-CoV-2 infection and are targets
for virus inhibition in vitro. Nat Commun. 2021 Jul
28;12(1):4584.

Nchioua R, Schundner A, Kmiec D, et al. SARS-CoV-2
variants of concern hijack IFITM2 for efficient replica-
tion in human lung cells. ] Virol. 2022 Jun 8;96(11):
€0059422.

Hallenberger S, Bosch V, Angliker H, et al. Inhibition of
furin-mediated cleavage activation of HIV-1 glyco-
protein gp160. Nature. 1992 Nov 26;360(6402):358-361.
Imran M, Saleemi MK, Chen Z, et al. Decanoyl-Arg-
Val-Lys-Arg-Chloromethylketone: an antiviral com-
pound that acts against flaviviruses through the

(75]

(76]

(77]

(78]

(79]

(80]

(81]

(82]

(83]

Emerging Microbes & Infections 11

inhibition of furin-mediated prM cleavage. Viruses.
2019 Oct 31;11(11):v11111011.

Cheng YW, Chao TL, Li CL, et al. Furin inhibitors
block SARS-CoV-2 spike protein cleavage to suppress
virus production and cytopathic effects. Cell Rep. 2020
Oct 13;33(2):108254.

Hardes K, Becker GL, Lu Y, et al. Novel furin inhibitors
with potent anti-infectious activity. ChemMedChem.
2015 Jul;10(7):1218-1231.

Kouretova J, Hammamy MZ, Epp A, et al. Effects of
NS2B-NS3 protease and furin inhibition on West
Nile and dengue virus replication. J Enzyme Inhib
Med Chem. 2017 Dec;32(1):712-721.

Kuivanen S, Bespalov MM, Nandania J, et al.
Obatoclax, saliphenylhalamide and gemcitabine inhi-
bit Zika virus infection in vitro and differentially
affect cellular signaling, transcription and metabolism.
Antiviral Res. 2017 Mar;139:117-128.

Andersen PI, Krpina K, Ianevski A, et al. Novel anti-
viral activities of obatoclax, emetine, niclosamide, bre-
quinar, and homoharringtonine. Viruses. 2019 Oct
18;11(10):v11100964.

Mao B, Le-Trilling VTK, Wang K, et al. Obatoclax
inhibits SARS-CoV-2 entry by altered endosomal
acidification and impaired cathepsin and furin activity
in vitro. Emerg Microbes Infect. 2022 Dec;ll
(1):483-497.

del Real G, Jimenez-Baranda S, Mira E, et al. Statins
inhibit HIV-1 infection by down-regulating Rho
activity. ] Exp Med. 2004 Aug 16;200(4):541-547.
Shrivastava-Ranjan P, Flint M, Bergeron E, et al.
Statins suppress ebola virus infectivity by interfering
with glycoprotein processing. mBio. 2018 May 1;9
(3):e00660-18.

Ahi YS, Yimer D, Shi G, et al. IFITM3 reduces retro-
viral envelope abundance and function and Is counter-
acted by glycoGag. mBio. 2020 Jan 21:e03088-19.



	Abstract
	Introduction
	GBP2/5
	MARCH8
	α-SNAP
	PAR1
	LGALS3BP/90K, IFITMs, and inhibitors
	Concluding remarks
	Author contributions
	Acknowledgements
	Disclosure statement
	Data availability statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


