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CHAPTER 5

FILOVIRUS ENTRY
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Abstract:  A number of advances in recent years have significantly furthered our understanding 
of filovirus attachment and cellular tropism. For example, several cell-surface 
molecules have been identified as attachment factors with the potential to facilitate 
the in vivo targeting of particular cell types such as macrophages and hepatic cells. 
Furthermore, our knowledge of internalization and subsequent events during filovirus 
entry has also been widened, adding new variations to the paradigms for viral entry 
established for HIV and influenza. In particular, host cell factors such as endosomal 
proteases and the intracellular receptor Niemann-Pick C1 are now known to play 
a vital role in activating the membrane fusion potential of filovirus glycoproteins.

INTRODUCTION

The family filoviridae consists of just two members, Marburg virus (MARV) and 
Ebola virus, first identified in 1967 and 1976, respectively. The Ebola viruses comprise 
five distinct species: the prototypical Ebola virus (EBOV, Zaire ebolavirus); Sudan 
ebolavirus (SUDV); Bundibugyo ebolavirus (BDBV); Taï Forest ebolavirus (TAFV, 
formerly known as Côte d’Ivoire) and Reston ebolavirus (RESTV). Filoviruses are 
responsible for sporadic, highly lethal outbreaks of severe hemorrhagic fever in both 
humans and apes in sub-Saharan Africa. While human cases of filovirus infection are 
rare, with less than 1700 deaths and 2500 total cases between their discovery in 1967 
and 2010,1 recent years have seen a more sustained level of outbreaks, including multiple 
introductions of filoviruses into the human population. Although the primary animal host 
for the filoviruses is still unclear, as with other tropical viral diseases, bats have been 
strongly implicated as a possible reservoir.2,3 In addition, the less pathogenic RESTV 
has been identified in populations of pigs in Asia.4
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FILOVIRUS GLYCOPROTEIN

Filoviruses encode a single membrane-bound surface glycoprotein, termed GP, 
responsible for mediating viral attachment and entry into cells. While MARV encodes 
GP within a single open-reading frame, the equivalent open-reading frame for ebola virus 
encodes a truncated, non-structural protein, termed sGP, secreted by infected cells. However, 
in approximately 20% of GP transcripts, a cotranscriptional editing event introduces a 
frame-shifting adenine, leading to production of full-length GP.5 Given that sGP is easily 
detectable in the blood of infected individuals,6 a number of roles have been proposed, 
including sGP synthesis as a mechanism for controlling membrane-bound GP expression 
levels.7 The virus may be required to limit GP expression due to excessive levels of 
membrane-bound GP leading to a loss of cell adhesion, resulting from a downregulation 
of adhesion molecules.8,9 In addition, viral particles can tolerate very inefficient levels 
of GP incorporation without a resultant loss of infectivity,10 thus methods to reduce GP 
expression, in particular from the surface of infected cells, may help blunt the immune 
response mounted against EBOV.

As with many other viral fusion proteins, full-length GP forms a trimer on the virion 
surface, with each monomer proteolytically processed into two subunits during transit 
through the trans golgi by the proprotein convertase furin.11,12 The resulting proteins, a 
surface subunit, GP1, and a transmembrane-bound subunit, GP2, are linked by a single 
disulfide bond.13 Unlike most viral fusion proteins,14 proteolysis of EBOV-GP at the furin 
cleavage site is not absolutely required for GP to mediate membrane fusion and infection, 
both in tissue culture and in vivo.15,16 However, due to the generally conserved nature of 
the cleavage site between the different strains of EBOV and MARV, it seems likely that 
cleavage plays a role during natural infection.

GP contains many of the hallmarks of a class I viral fusion protein, most notably the 
presence of two heptad repeats within GP2 that associate to form an antiparallel six-helix 
bundle during membrane fusion.17 In addition, a highly hydrophobic fusion peptide is 
positioned close to the N terminus of GP2. As with a subset of other class I viral fusion 
proteins, the fusion peptide is not at the very amino terminus of GP2, but rather forms an 
internal loop created by two flanking cysteine residues linked by a disulfide-bond. This 
may explain why furin-mediated cleavage of GP is not absolutely required for function, 
as viruses without fusion peptides bounded by two cysteines require the cleavage event 
itself in order to free the fusion peptide.18

Filovirus GP is extensively glycosylated,19 as simply demonstrated by a dramatic 
increase in mobility by SDS-PAGE following treatment with glycosidases such as 
PNGase F. Both N- and O-linked carbohydrate moieties are present, with a particularly 
high density situated within a serine and threonine-rich region in the C-terminal half of 
GP1. This region is highly variable between the four characterized strains of EBOV, but 
due to the high density of O-linked glycans it shows homology to mucins. This region 
is also markedly hydrophilic, and due to the presence of a disulfide bond linking the 
more hydrophobic N-terminal region of GP1 to GP2, the C-terminus of GP1 is thought 
to project out into aqueous milieu.13,20 Surprisingly, deletion of the mucin-like domain 
from GP1 does not impact infectivity mediated by EBOV-GP,8,9 but rather actually 
enhances infection.21 Thus, it is unlikely that the determinants for receptor binding lie 
within this region of the glycoprotein. However, due to its highly glycosylated nature, 
and its position distal to the viral membrane, the mucin-like domain likely does contribute 
to relatively nonspecific viral attachment to some cellular lectins (see below). Further 
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mutagenic mapping of GP1 highlights the N-terminal 150-160 amino-acids as critical for 
both EBOV- and MARV-GP mediated entry, suggesting that in fact the amino terminal 
region may be the site of the receptor-binding domain.22,23 Phenylalanines at positions 
88 and 159, in particular, appear to be critical for GP function.24

CELLULAR TROPISM

Studies using filovirus GP pseudotyped onto retroviral or rhabdovirus cores reveal a 
very broad range of cell tropism in vitro.25-28 In addition to the transduction of a diverse 
set of cell types, cell lines from a range of mammalian and avian sources were found to 
be valid targets for filovirus GP mediated entry. The only consistent exception to the 
pan-tropism of filoviruses are cell lines of lymphoid origin, which are totally refractory 
to entry mediated by EBOV-GP.26 These in vitro findings mirror those seen in infected 
patients and experimentally challenged animals, where little or no viral RNA or protein 
has been observed in lymphocytes.29 Thus, the step of viral entry appears to be the major 
determinant for filovirus tropism. Cells of the mononuclear phagocytic system are sites of 
early and sustained viral replication (reviewed in ref. 30). It is likely that organ-specific 
macrophages act as initial targets for viral replication within specific organs,31 while blood 
monocyte/macrophages play a role in dissemination of the virus to tissues,32 although in 
vitro assays suggest monocytes may be less infectible than fully mature macrophages.33 
Dendritic cells are also a target for filovirus replication,34 and may also disseminate virus. 
Later in infection, other cell types, in addition to macrophages, demonstrate high levels 
of viral replication, including hepatocytes and endothelial cells, as well as a range of 
other parenchymal cells. All organs participate in viral replication, with the liver, lungs 
and spleen appearing to be central sites for viral production and viral induced damage.

RECEPTORS FOR FILOVIRUS ENTRY

Generally, in order to gain entry into target cells, enveloped viruses such as the 
filoviruses must first engage specific cellular receptors. The presence of these receptors 
on target cells is thus a major determinant of cellular and tissue tropism. Detailed studies 
of entry mediated by EBOV and MARV glycoproteins, established that for EBOV at 
least, a proteinaceous component, with a requirement for glycosylation, is necessary 
for entry.25,27 Interestingly, neither treatment with pronase, nor disrupting carbohydrate 
addition, inhibited entry mediated by MARV GP,27 suggesting that either the two filoviruses 
use different receptors, or there are functional differences in the way the same receptor 
is utilized. The fact that pronase treatment did not negatively impact MARV entry does 
not exclude the role of proteins in infection as other viruses known to use proteinaceous 
receptors are also insensitive to pronase.27 In support of this, soluble versions of EBOV 
GP can block MARV infection, and vice versa, suggesting a shared receptor.23

Recently, a bioinformatics approach was used to identify T-cell immunoglobulin 
and mucin-domain containing protein-1 (TIM-1) as a potential receptor for EBOV on 
mucosal epithelia.35 It remains to be seen whether TIM-1 acts as a true receptor, or merely 
as a tissue-specific attachment factor, particularly as TIM-1 is also expressed on subsets 
of activated T cells which are refractory to infection. Either way, use of TIM-1 could 
explain the high levels of filovirus replication seen in lung tissue. Three members of 
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the Tyro3 receptor tyrosine kinase family have been demonstrated to facilitate filovirus 
infection.36 Stable expression of any of Axl, Dtk or Mer in refractory lymphocyte cell 
lines permitted infection with either pseudovirions or live virus. In turn, antibodies, Gas6 
ligand and soluble versions of the ectodomains from each Tyro3 family member were 
able to prevent the enhancement of infection seen on Tyro3-expressing lymphocytes.36 
Axl, but not Dtk or Mer, is readily detectable on many EBOV sensitive cell lines, such 
as Vero, HT1080 and HeLa cells.36 Antibodies and RNAi directed against Axl potently 
inhibited infection on some of these lines. However, in Vero cells no inhibition was 
noted, suggesting the existence of alternate factors for EBOV infection in these cells.36,37 
Furthermore, RNAi knockout of Axl did not alter binding to cells, nor was direct binding 
between the extracellular domains of Axl and EBOV GP noted, strongly suggesting Axl 
does not operate directly as a receptor for the virus, but rather acts downstream.37

Folate receptor alpha (FR ) has also been implicated as a receptor for filoviruses.38 
Transcripts encoding FR , that allowed MARV GP-mediated infection of a normally 
refractory T-cell line, were identified in a cDNA library screen.38 Furthermore, expression 
of FR  on T cells reconstituted infection by EBOV GP-bearing pseudotypes, as well as live 
MARV and EBOV.38 Surprisingly, the initial cDNA clone of FR  isolated in these studies 
was not full length, but rather was truncated at the 5’ end and hence failed to encode a 
functional signal peptide for FR .38 It is thus unclear how such a protein would be expressed 
on the cell surface and hence act as a receptor for viral entry. In other studies, transfection 
of refractory cell lines with plasmids expressing functional FR  was unable to reconstitute 
EBOV GP-mediated infection.39 Regardless of the role of FR  in entry, other molecules 
must be capable of functioning as receptors for filoviruses, as GP can mediate efficient 
infection of primary and established cell lines that are negative for both FR  mRNA and 
protein.38,39 In addition, various ligands to FR , such as folate and antibodies, were unable 
to consistently inhibit EBOV GP mediated infection of a range of cell types.21,39

A number of other molecules, such as 1 integrins,40 have been postulated to be 
involved in filovirus entry, however, none of these potential receptors has passed the 
acid test of making refractory cells permissive to filoviruses. Thus, these molecules may 
only play minor, if any, roles in filovirus attachment and entry into target cells. Given 
the novel mechanisms required for triggering EBOV mediated fusion described below, 
it may well in fact be that specific cell surface receptors are not required by this virus, 
but rather any of a multitude of less specific attachment factors or random events leading 
to internalization are sufficient to lead to entry. Lack of specific receptors for entry has 
also be hypothesized for highly pH-dependent viruses such as many of the flaviviurses. 
One could also speculate that with their large, filamentous shape, filoviruses could rely 
on numerous low-affinity surface interactions for effective initiation of attachment.

ATTACHMENT FACTORS

For many viruses, receptor engagement is a relatively inefficient process.41 Thus, 
additional cellular factors that enhance viral attachment to the cell surface can dramatically 
alter infectivity and cellular tropism without being absolutely required for viral infection 
(see Chapter 1). These so-called attachment factors often recognize and bind to viruses in 
a relatively nonspecific manner, for example through carbohydrate modifications on the 
viral envelope proteins. Calcium-dependent (C-type) lectins represent one of a number 
of families of molecules termed pattern recognition receptors that are responsible for 
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identifying, and inducing responses to, unique pathogen signatures. Ironically, many 
of these molecules have been subverted by pathogens in order to either gain entry into 
antigen-presenting cells such as macrophages, or to subvert immune responses. The 
prototypical C-type lectin involved in pattern recognition is CD209 (formerly known 
as DC-SIGN). CD209 maps to chromosome 19p13.3, together with a cluster of related 
C-type lectins including CD23, CD209L (also called DC-SIGNR or L-SIGN) and 
LSECtin.42,43 CD209 and the highly related CD209L (henceforth collectively referred to 
as CD209(L)) are tetrameric, membrane-anchored lectins reported to act as ligands for 
the intercellular adhesion molecules (ICAM) -2 and -3, through recognition of N-linked 
high-mannose carbohydrate moieties.42,44,45 Transcripts corresponding to CD209 were 
originally identified in screens of human placental cDNA libraries for molecules capable 
of binding HIV gp120.46 Subsequent analysis demonstrated the ability of CD209(L) to 
interact with glycoproteins from a variety of pathogens, including HIV, hepatitis C virus, 
dengue, Leishmania and Mycobacterium tuberculosis.47-52 However, CD209(L) are not 
universal attachment factors, as glycoproteins from many viruses, including vesicular 
stomatitis virus, herpes simplex virus and lassa virus, are not enhanced by CD209(L).53 
Some viral glycoproteins that do not interact with CD209(L) efficiently can be engineered 
to contain high-mannose carbohydrate moieties by treating producer cells with mannosidase 
I inhibitors.54 This leads to a marked increase in binding to, and usage of, CD209(L), 
suggesting that the presence or absence of high mannose is the major determinant of 
viral glycoprotein interactions with CD209(L).55 However, it has also been suggested that 
the spatial arrangement of high-mannose moieties either within a single glycoprotein, or 
between multiple glycoproteins on the viral surface, is also important in order to allow 
optimal interactions with these tetrameric calcium-dependent lectins.56,57

The composition of the glycans decorating filovirus GP is highly heterologous, 
consisting of both high-mannose and complex carbohydrate structures.55,58,59 Thus, it is not 
surprising that mammalian lectins, such as CD209(L), are able to interact with filovirus 
GP. The expression of CD209(L) on primary macrophages led to an almost ten-fold 
enhancement of infection by live, replication-competent EBOV, despite these cells 
already being a highly competent cell type for EBOV replication.53 Similarly, transduction 
of infectible cells by retroviral pseudovirions bearing either EBOV or MARV GP is 
dramatically enhanced by transient expression of CD209(L), as well as another C-type 
lectin clustered with CD209(L) on chromosome 19, LSECtin.53,60-62 Whether expression of 
CD209(L) on nonpermissive lymphocyte cell lines can make them permissive to filovirus 
infection is controversial.53,60 While CD209(L) may inefficiently directly mediate viral 
infection, this may be a moot point as the majority of CD209(L) positive cells likely also 
express other receptors for filovirus entry. It is more likely that CD209(L) predominately 
act to concentrate virus at the cell surface of target cells, and hence increase the likelihood 
of GP interactions with its cognate receptor. Thus, CD209(L) may act in vivo to target 
particular cell types for enhanced infection, as well as promoting infection despite very 
low levels of infectious viral particles, for example during transmission.

Ex-vivo, CD209 is very highly expressed on monocyte-derived dendritic cells but 
not monocyte-derived macrophages.45 However, somewhat lower expression is observed 
on a variety of both dendritic cells and tissue macrophages in vivo, as well as liver 
sinusoidal endothelium.45,63-66 CD209L, together with LSECtin, are found predominantly 
on microvascular endothelial cells in lymph nodes and liver sinusoids.43,67 Many of these 
cell types may be important for the establishment and spread of filovirus throughout its 
target organs.
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 Hepatic asialoglycoprotein receptor (ASGP-R) was the first attachment 
factor to be identified for filoviruses.68 ASGP-R binds galactose on asialylated 
carbohydrate structures, such as the serum constituent, asialofetuin.69 Asialofetuin, 
together with antisera to ASGP-R, were able to block MARV infection of ASGP-R 
positive HepG2 cells, while transient expression of ASGP-R in mouse cells led to 
enhanced infection.68 Similarly, ASGP-R is also able to enhance infection mediated 
by EBOV GP on already infectible cell lines by over 30-fold.55 Given that the liver is 
an important target organ for filovirus infection, ASGP-R may play a role in targeting 
filovirus infection of liver cells, due to its presence on hepatocytes. Another calcium 
dependent lectin with specificity for galactose, human macrophage galactose- and  
N-acetylgalactosamine-specific C-type lectin (hMGL), has also been shown to 
significantly enhance infection mediated by filovirus glycoproteins.70 As its name 
suggests, hMGL is highly expressed on macrophages, as well as dendritic cells, 
important cell types for filovirus infection in vivo, particularly early during infection. 
For both galactose-specific lectins, enhancement of infection mediated by EBOV GP 
lacking the mucin-like domain is greatly reduced70 (Unpublished observations—G.
Simmons). Thus, the determinants for binding likely predominantly lie within this 
highly glycosylated region.

Given that lectins are expressed on a range of cell types that could function as 
“doorways” to viral infection within mucosal and epithelial surfaces, as well as target 
organs, it is tempting to speculate that lectins play an important role both in transmission 
of filovirus infections, and the dissemination of virus throughout the body.

ROUTES OF ENTRY

A major component of filovirus GP-mediated membrane fusion is an acidic 
pH-dependent step (see section on mechanisms of membrane fusion below). This implies 
that the virus requires internalization and trafficking to the low pH environment of an 
acidified endosome, as demonstrated by a necessity for an intact microtubule network 
within target cells.33 Several potential routes of internalization are present within cells and 
have been hijacked by various viruses for the purpose of entry or trafficking to specific 
subcellular compartments.71 These include classical clathrin-mediated endocytosis, lipid 
raft-associated caveolae, macropinocytosis and less defined nonclathrin, noncaveolae 
routes of entry. Several groups have determined that cholesterol and lipid rafts are 
required for EBOV GP-mediated infection, both using pseudovirions, and live virus.33,72,73 
Given that caveolae invaginate from cholesterol-rich lipid rafts, Empig et al looked at the 
partitioning of GP-bearing pseudovirions following exposure of target cells.72 Indeed, 
following internalization, pseudotypes incorporating either EBOV or MARV GP, 
colocalized with markers of caveolae to a large extent, suggesting a role for caveolae in 
filovirus entry. However, cells lacking functional components for caveolae formation, 
such as caveolin-1, remain fully infectious to pseudovirions bearing EBOV GP.39 Utilizing 
pseudoparticles, and inhibition of live virus with specific inhibitors, other groups have 
also implicated clathrin-mediated endocytosis as an efficient mode of entry.74 However, 
it appears likely that in this instance pseudoparticles do not adequately mimic authentic 
virus particles which are typically filamentous and up to 1-2 m in length. Studies with 
virus-like particles (VLPs) and replication-competent virus have largely coalesced opinion 
around the idea that macropinocytosis is the predominant route of entry for filoviruses, 
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with clathrin-dependent endocytosis playing a lesser role.75-77 Furthermore, it appears that 
Axl, which had previously been suggested as a receptor, is involved in mediating early 
events in  internalization through macropinocytosis.78

MECHANISMS OF MEMBRANE FUSION

Class I viral fusion protein induced membrane fusion, such as that mediated by 
filovirus GP, occurs through a complex cascade of conformational rearrangements 
within the glycoprotein. Mature, native class I glycoproteins generally exist as 
trimers of heterodimers held in a so-called metastable state, primed for fusion.79 The 
metastable protein is destabilized during attachment and entry, leading to the exposure 
of the hydrophobic fusion peptide and subsequently membrane fusion. Three distinct 
triggers of these conformational rearrangements have been elucidated for the induction 
of membrane fusion by class I viral glycoproteins; interactions with receptor(s) as seen 
with HIV, exposure to low pH as is the case with influenza virus, or a two-step process 
requiring specific interactions with receptor followed by acidic pH treatment.80

The exact triggers necessary for filovirus GP conformational change have yet to be 
elucidated, but it appears that filoviruses present a new paradigm whereby additional 
non-cell surface cellular factors are required. Low pH clearly plays an important role in 
filovirus entry as infection by GP-bearing pseudovirions can be inhibited by agents such 
as bafilomycin A that prevent acidification of endosomes.25-27 Interestingly, however, in 
cell-to-cell fusion assays, while acidic pH is required in order to prime the membrane 
fusion potential of EBOV GP expressing effector cells, treatment of target cells with low 
pH inhibits fusion.81 Also, unlike many pH-dependent viruses, acid treatment of virus 
bound to cells does not induce fusion at the plasma membrane and hence viral entry.82 
Likewise, preincubation at pH 5 does not inactivate EBOV GP, suggesting that low 
pH does not act as a trigger of irreversible conformational rearrangements within the 
glycoprotein. These findings suggest, as with other viruses inhibited by Bafilomycin A 
but not directly sensitive to low pH,83 that rather than acting purely as a direct trigger, 
the requirement for low pH indicates the necessity for the action of a cellular factor 
that is itself sensitive to endosomal pH. Indeed, inhibitors of acid-dependent endosomal 
cysteine proteases specifically inhibit EBOV GP-mediated entry.84,85 In particular, a 
specific inhibitor of the ubiquitous endosomal protease, cathepsin B (CTSB) inhibits 
both EBOV GP bearing pseudovirions and live EBOV infection.84 The requirement 
for CTSB was confirmed by an 80-90% loss of infectivity on both CTSB deficient 
mouse cells and Vero cells treated with RNAi duplexes capable of reducing CTSB 
activity by 85%.84,85 A second cathepsin, cathepsin L (CTSL) was also demonstrated to 
play a possibly more minor role. Specific inhibitors and loss of function experiments 
suggest that CTSL has a synergistic effect together with CTSB, but is not sufficient 
for entry by itself. More recent data suggests that while EBOV, TAFV and BDBV are 
strongly dependent on CTSB, SUDV, RESTV and MARV have a requirement for as 
yet unidentified proteases.86,87

Cleavage of EBOV GP by CTSB and CTSL can be performed in vitro, however 
the findings of different laboratories have not been consistent, perhaps due to separate 
preparations of proteases. Chandran et al demonstrate CTSL can digest GP1 to leave an 
18kDa N-terminal fragment associated with GP2.84 CTSB can also perform this digest, 
although somewhat less efficiently. Interestingly, the 18kDa form is still infectious 
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further supporting the findings that the receptor binding domain of GP1 lies within its 
amino terminus.22 Infection mediated by pseudovirions bearing the 18kDa form remains 
inhibitible by high concentrations of specific CTSB inhibitors and these viruses do 
not infect cells from CTSB knockout mice. However, infection by the 18kDa form is 
significantly enhanced compared to untreated virus on cells undergoing partial inhibition 
of CTSB (i.e., likely to prevent the inefficient production of the 18kDa form mediated 
by CTSB) and full inhibition of CTSL. This supports a two-step process whereby CTSL 
efficiently digests GP1 to leave an 18 kDa fragment, which is then further digested by 
CTSB. Indeed incubation of the 18 kDa form with CTSB, but not CTSL, leads to a 
total loss of GP1 from particles. The fact that CTSB can perform both steps, albeit less 
efficiently, explains why CTSB inhibitors are more effective than those directed against 
CTSL, but not as potent as both together.

In contrast to the findings of Chandran et al, Schornberg and colleagues85 report that 
CTSB treatment reduces GP1 (approximately 130 kDa) to a 50 kDa species—consistent 
with the loss of the mucin-like domain from GP1. A second minor species at 19 kDa 
was also noted. CTSL treatment predominantly leads to a 20 kDa form, while combined 
cleavage gives a doublet of the 20 and 19 kDa fragments.85 These partially digested 
pseudovirions demonstrate enhanced infectivity, and while they are no longer sensitive 
to CTSB inhibition or ablation, they retain a requirement for acidified endosomes.

Cathepsin-mediated proteolysis also plays a role in the entry of several other viruses, 
including the corona- and reoviruses.88-90 In the case of the coronavirus, SARS-CoV, 
temperature-dependent interactions with receptor are required prior to cathepsin-mediated 
cleavage—an interesting modification of a two-step trigger mechanism for induction of 
membrane fusion.89 It appears that almost the reverse situation occurs for filoviruses. 
Proteolysis proceeds receptor engagement - which uniquely occurs on internal membranes. 
Following proteolysis, exposure of the receptor binding domain (RBD) allows EBOV 
GP to interact with Niemann-Pick C1 (NPC1), a cholesterol transporter present in late 
endosomal membranes.91,92 NPC1 can be demonstrated to directly bind to EBOV-GP 
and to allow infection of refractory cell types.93 Thus, the long search for a true filovirus 
receptor has finally yielded results in an unexpected place—inside the cell.

CONCLUSION

The recent advances in understanding filovirus entry highlight the requirement 
by enveloped viruses for a range of host factors other than classical receptors in order 
to achieve efficient entry. External membrane-bound molecules such as DC-SIGN 
and glycosaminoglycans are able to concentrate filovirus at the cell surface in a fairly 
nonspecific manner, while a more specific requirement for proteolysis by individual 
endosomal proteases is observed post-internalization. The recently identified lysosomal 
membrane located molecule, NPC-1, can then function as the true receptor, driving 
membrane fusion and entry.

ACKNOWLEDGMENTS

The author was supported by grant R01AI074986 from the National Institute of 
Allergy and Infectious Diseases.



91FILOVIRUS ENTRY

REFERENCES

1. Leroy EM, Gonzalez J-P, Baize S. Ebola and Marburg haemorrhagic fever viruses: major scientific 
advances, but a relatively minor public health threat for Africa. Clin Microbiol Infect 2011; 17:964-976.

2. Leroy EM, Kumulungui B, Pourrut X et al. Fruit bats as reservoirs of Ebola virus. Nature 2005; 438:575-576.
3. Towner JS, Amman BR, Sealy TK et al. Isolation of genetically diverse Marburg viruses from Egyptian 

fruit bats. PLoS Pathog 2009; 5:e1000536.
4. Barrette RW, Metwally SA, Rowland JM et al. Discovery of swine as a host for the reston Ebola virus. 

Science 2009; 325:204-206.
5. Volchkov VE, Becker S, Volchkova VA et al. GP mRNA of Ebola virus is edited by the Ebola virus 

polymerase and by T7 and vaccinia virus polymerases. Virology 1995; 214:421-430.
6. Sanchez A, Ksiazek TG, Rollin PE et al. Detection and molecular characterization of Ebola viruses causing 

disease in human and nonhuman primates. J Infect Dis 1999; 179(Suppl 1):S164-169.
7. Volchkov VE, Volchkova VA, Muhlberger E et al. Recovery of infectious Ebola virus from complementary 

DNA: RNA editing of the GP gene and viral cytotoxicity. Science 2001; 291:1965-1969.
8. Yang ZY, Duckers HJ, Sullivan NJ et al. Identification of the Ebola virus glycoprotein as the main viral 

determinant of vascular cell cytotoxicity and injury. Nat Med 2000; 6:886-889.
9. Simmons G, Wool-Lewis RJ, Baribaud F et al. Ebola virus glycoproteins induce global surface protein 

down-modulation and loss of cell adherence. J Viro 2002; 76:2518-2528.
10. Marzi A, Wegele A, Pohlmann S. Modulation of virion incorporation of Ebolavirus glycoprotein: Effects 

on attachment, cellular entry and neutralization. Virology 2006; 352:345-56. 
11. Volchkov VE, Feldmann H, Volchkova VA et al. Processing of the Ebola virus glycoprotein by the 

proprotein convertase furin. Proc Natl Acad Sci USA 1998; 95:5762-5767.
12. Volchkov VE, Volchkova VA, Stroher U et al. Proteolytic processing of Marburg virus glycoprotein. 

Virology 2000; 268:1-6.
13. Jeffers SA, Sanders DA, Sanchez A. Covalent modifications of the ebola virus glycoprotein. J Virol 

2002; 76:12463-12472.
14. Klenk HD, Garten W. Host cell proteases controlling virus pathogenicity. Trends Microbiol 1994; 2:39-43.
15. Wool-Lewis RJ, Bates P. Endoproteolytic processing of the ebola virus envelope glycoprotein: cleavage 

is not required for function. J Virol 1999; 73:1419-1426.
16. Neumann G, Geisbert TW, Ebihara H et al. Proteolytic processing of the Ebola virus glycoprotein is not 

critical for Ebola virus replication in nonhuman primates. J Virol 2007; 81:2995-2998.
17. Weissenhorn W, Carfi A, Lee KH et al. Crystal structure of the Ebola virus membrane fusion subunit, 

GP2, from the envelope glycoprotein ectodomain. Mol Cell 1998; 2:605-616.
18. White JM, Delos SE, Brecher M, Schornberg K. Structures and mechanisms of viral membrane fusion 

proteins. Crit Rev Biochem Mol Biol 2008; 43(3):189-219.
19. Geyer H, Will C, Feldmann H et al. Carbohydrate structure of Marburg virus glycoprotein. Glycobiology 

1992; 2:299-312.
20. Lee JE, Fusco ML, Hessell AJ et al. Structure of the ebola virus glycoprotein bound to an antibody from 

a human survivor. Nature 2008; 454:177-182.
21. Sinn PL, Hickey MA, Staber PD et al. Lentivirus vectors pseudotyped with filoviral envelope glycoproteins 

transduce airway epithelia from the apical surface independently of folate receptor alpha. J Virol 2003; 
77:5902-5910.

22. Manicassamy B, Wang J, Jiang H et al. Comprehensive analysis of ebola virus GP1 in viral entry. J 
Virol 2005; 79:4793-4805.

23. Kuhn JH, Radoshitzky SR, Guth AC et al. Conserved receptor-binding domains of Lake Victoria 
marburgvirus and Zaire ebolavirus bind a common receptor. J Biol Chem 2006; 281:15951-15958.

24. Mpanju OM, Towner JS, Dover JE et al. Identification of two amino acid residues on Ebola virus 
glycoprotein 1 critical for cell entry. Virus Res 2006; 121:205-14.

25. Takada A, Robison C, Goto H et al. A system for functional analysis of Ebola virus glycoprotein. Proc 
Natl Acad Sci USA 1997; 94:14764-14769.

26. Wool-Lewis RJ, Bates P. Characterization of Ebola virus entry by using pseudotyped viruses: identification 
of receptor-deficient cell lines. J Virol 1998; 72:3155-3160.

27. Chan SY, Speck RF, Ma MC et al. Distinct mechanisms of entry by envelope glycoproteins of Marburg 
and Ebola (Zaire) viruses. J Virol 2000; 74:4933-4937.

28. Ito H, Watanabe S, Takada A et al. Ebola Virus Glycoprotein: Proteolytic Processing, Acylation, Cell 
Tropism, and Detection of Neutralizing Antibodies. J Virol 2001; 75:1576-1580.

29. Geisbert TW, Hensley LE, Gibb TR et al. Apoptosis induced in vitro and in vivo during infection by 
Ebola and Marburg viruses. Lab Invest 2000; 80:171-186.

30. Schnittler HJ, Feldmann H. Molecular pathogenesis of filovirus infections: role of macrophages and 
endothelial cells. Curr Top Microbiol Immunol 1999; 235:175-204.



92 VIRAL ENTRY INTO HOST CELLS

31. Schnittler HJ, Feldmann H. Marburg and Ebola hemorrhagic fevers: does the primary course of infection 
depend on the accessibility of organ-specific macrophages? Clin Infect Dis 1998; 27:404-406.

32. Stroher U, West E, Bugany H et al. Infection and activation of monocytes by Marburg and Ebola viruses. 
J Virol 2001; 75:11025-11033.

33. Yonezawa A, Cavrois M, Greene WC. Studies of ebola virus glycoprotein-mediated entry and fusion by 
using pseudotyped human immunodeficiency virus type 1 virions: involvement of cytoskeletal proteins 
and enhancement by tumor necrosis factor alpha. J Virol 2005; 79:918-926.

34. Bosio CM, Aman MJ, Grogan C et al. Ebola and Marburg viruses replicate in monocyte-derived dendritic 
cells without inducing the production of cytokines and full maturation. J Infect Dis 2003; 188:1630-1638.

35. Kondratowicz AS, Lennemann NJ, Sinn PL et al. T-cell immunoglobulin and mucin domain 1 (tim-
1) is a receptor for zaire ebolavirus and lake victoria marburgvirus. Proc Natl Acad Sci USA 2011; 
108:8426-8431.

36. Shimojima M, Takada A, Ebihara H et al. Tyro3 family-mediated cell entry of Ebola and Marburg 
viruses. J Virol 2006; 80:10109-10116.

37. Brindley MA, Hunt CL, Kondratowicz AS et al. Tyrosine kinase receptor axl enhances entry of zaire 
ebolavirus without direct interactions with the viral glycoprotein. Virology 2011; 415:83-94.

38. Chan SY, Empig CJ, Welte FJ et al. Folate receptor-alpha is a cofactor for cellular entry by Marburg 
and Ebola viruses. Cell 2001; 106:117-126.

39. Simmons G, Rennekamp AJ, Chai N et al. Folate receptor alpha and caveolae are not required for Ebola 
virus glycoprotein-mediated viral infection. J Virol 2003; 77:13433-13438.

40. Takada A, Watanabe S, Ito H et al. Downregulation of beta1 integrins by Ebola virus glycoprotein: 
implication for virus entry. Virology 2000; 278:20-26.

41. O’Doherty U, Swiggard WJ, Malim MH. Human immunodeficiency virus type 1 spinoculation enhances 
infection through virus binding. J Virol 2000; 74:10074-10080.

42. Soilleux EJ, Barten R, Trowsdale J. DC-SIGN; a related gene, DC-SIGNR; and CD23 form a cluster on 
19p13. J Immunol 2000; 165:2937-2942.

43. Liu W, Tang L, Zhang G et al. Characterization of a novel C-type lectin-like gene, LSECtin: demonstration 
of carbohydrate binding and expression in sinusoidal endothelial cells of liver and lymph node. J Biol 
Chem 2004; 279:18748-18758.

44. Geijtenbeek TB, Krooshoop DJ, Bleijs DA et al. DC-SIGN-ICAM-2 interaction mediates dendritic cell 
trafficking. Nat Immunol 2000; 1:353-357.

45. Geijtenbeek TB, Torensma R, van Vliet SJ et al. Identification of DC-SIGN, a novel dendritic cell-specific 
ICAM-3 receptor that supports primary immune responses. Cell 2000; 100:575-585.

46. Curtis BM, Scharnowske S, Watson AJ. Sequence and expression of a membrane-associated C-type 
lectin that exhibits CD4-independent binding of human immunodeficiency virus envelope glycoprotein 
gp120. Proc Natl Acad Sci USA 1992; 89:8356-8360.

47. Geijtenbeek TB, Kwon DS, Torensma R et al. DC-SIGN, a dendritic cell-specific HIV-1-binding protein 
that enhances trans-infection of T cells. Cell 2000; 100:587-597.

48. Pohlmann S, Zhang J, Baribaud F et al. Hepatitis C virus glycoproteins interact with DC-SIGN and 
DC-SIGNR. J Virol 2003; 77:4070-4080.

49. Tassaneetrithep B, Burgess TH, Granelli-Piperno A et al. DC-SIGN (CD209) mediates dengue virus 
infection of human dendritic cells. J Exp Med 2003; 197:823-829.

50. Colmenares M, Puig-Kroger A, Pello OM et al. Dendritic cell (DC)-specific intercellular adhesion 
molecule 3 (ICAM-3)-grabbing nonintegrin (DC-SIGN, CD209), a C-type surface lectin in human 
DCs, is a receptor for Leishmania amastigotes. J Biol Chem 2002; 277:36766-36769.

51. Geijtenbeek TB, Van Vliet SJ, Koppel EA et al. Mycobacteria target DC-SIGN to suppress dendritic 
cell function. J Exp Med 2003; 197:7-17.

52. Tailleux L, Schwartz O, Herrmann JL et al. DC-SIGN is the major Mycobacterium tuberculosis receptor 
on human dendritic cells. J Exp Med 2003; 197:121-127.

53. Simmons G, Reeves JD, Grogan CC et al. DC-SIGN and DC-SIGNR bind ebola glycoproteins and 
enhance infection of macrophages and endothelial cells. Virology 2003; 305:115-123.

54. Kaushal GP, Elbein AD. Glycosidase inhibitors in study of glycoconjugates. Methods Enzymol 1994; 
230:316-329.

55. Lin G, Simmons G, Pohlmann S et al. Differential N-linked glycosylation of human immunodeficiency 
virus and Ebola virus envelope glycoproteins modulates interactions with DC-SIGN and DC-SIGNR. 
J Virol 2003; 77:1337-1346.

56. Mitchell DA, Fadden AJ, Drickamer K. A novel mechanism of carbohydrate recognition by the C-type 
lectins DC-SIGN and DC-SIGNR. Subunit organization and binding to multivalent ligands. J Biol 
Chem 2001; 276:28939-28945.

57. Davis CW, Nguyen HY, Hanna SL et al. West Nile virus discriminates between DC-SIGN and DC-SIGNR 
for cellular attachment and infection. J Virol 2006; 80:1290-1301.



93FILOVIRUS ENTRY

58. Feldmann H, Nichol ST, Klenk HD et al. Characterization of filoviruses based on differences in structure 
and antigenicity of the virion glycoprotein. Virology 1994; 199:469-473.

59. Powlesland AS, Fisch T, Taylor ME et al. A novel mechanism for LSECtin binding to Ebola virus surface 
glycoprotein through truncated glycans. J Biol Chem 2008; 283(1):593-602.

60. Alvarez CP, Lasala F, Carrillo J et al. C-type lectins DC-SIGN and L-SIGN mediate cellular entry by 
Ebola virus in cis and in trans. J Virol 2002; 76:6841-6844.

61. Marzi A, Gramberg T, Simmons G et al. DC-SIGN and DC-SIGNR interact with the glycoprotein of 
Marburg virus and the S protein of severe acute respiratory syndrome coronavirus. J Virol 2004; 
78:12090-12095.

62. Gramberg T, Hofmann H, Moller P et al. LSECtin interacts with filovirus glycoproteins and the spike 
protein of SARS coronavirus. Virology 2005; 340:224-36.

63. Soilleux EJ, Morris LS, Leslie G et al. Constitutive and induced expression of DC-SIGN on dendritic 
cell and macrophage subpopulations in situ and in vitro. J Leukoc Biol 2002; 71:445-457.

64. Soilleux EJ, Morris LS, Lee B et al. Placental expression of DC-SIGN may mediate intrauterine vertical 
transmission of HIV. J Pathol 2001; 195:586-592.

65. McCully ML, Chau TA, Luke P et al. Characterization of human peritoneal dendritic cell precursors and 
their involvement in peritonitis. Clin Exp Immunol 2005; 139:513-525.

66. Lai WK, Sun PJ, Zhang J et al. Expression of DC-SIGN and DC-SIGNR on human sinusoidal endothelium: 
a role for capturing hepatitis C virus particles. Am J Pathol 2006; 169:200-208.

67. Bashirova AA, Geijtenbeek TB, van Duijnhoven GC et al. A dendritic cell-specific intercellular adhesion 
molecule 3-grabbing nonintegrin (DC-SIGN)-related protein is highly expressed on human liver 
sinusoidal endothelial cells and promotes HIV-1 infection. J Exp Med 2001; 193:671-678.

68. Becker S, Spiess M, Klenk HD. The asialoglycoprotein receptor is a potential liver-specific receptor for 
Marburg virus. J Gen Virol 1995; 76:393-399.

69. Meier M, Bider MD, Malashkevich VN et al. Crystal structure of the carbohydrate recognition domain 
of the H1 subunit of the asialoglycoprotein receptor. J Mol Biol 2000; 300:857-865.

70. Takada A, Fujioka K, Tsuiji M et al. Human macrophage C-type lectin specific for galactose and 
N-acetylgalactosamine promotes filovirus entry. J Virol 2004; 78:2943-2947.

71. Sieczkarski SB, Whittaker GR. Dissecting virus entry via endocytosis. J Gen Virol 2002; 83:1535-1545.
72. Empig CJ, Goldsmith MA. Association of the caveola vesicular system with cellular entry by filoviruses. 

J Virol 2002; 76:5266-5270.
73. Bavari S, Bosio CM, Wiegand E et al. Lipid raft microdomains: a gateway for compartmentalized 

trafficking of Ebola and Marburg viruses. J Exp Med 2002; 195:593-602.
74. Bhattacharyya S, Warfield KL, Ruthel G et al. Ebola virus uses clathrin-mediated endocytosis as an 

entry pathway. Virology 2010; 401:18-28.
75. Saeed MF, Kolokoltsov AA, Albrecht T et al. Cellular entry of ebola virus involves uptake by a 

macropinocytosis-like mechanism and subsequent trafficking through early and late endosomes. PLoS 
Pathog 2010; 6:e1001110.

76. Nanbo A, Imai, M, Watanabe S et al. Ebolavirus is internalized into host cells via macropinocytosis in 
a viral glycoprotein-dependent manner. PLoS Pathog 2010; 6:e1001121.

77. Aleksandrowicz P, Marzi A, Biedenkopf N et al. Ebola virus enters host cells by macropinocytosis and 
clathrin-mediated endocytosis. J Infect Dis 2011; 204:S957-S967.

78. Hunt CL, Kolokoltsov AA, Davey RA et al. The tyro3 receptor kinase axl enhances macropinocytosis 
of zaire ebolavirus. J Virol 2011; 85:334-347.

79. Eckert DM, Kim PS. Mechanisms of viral membrane fusion and its inhibition. Annu Rev Biochem. 
2001;70:777-810.

80. Mothes W, Boerger AL, Narayan S et al. Retroviral entry mediated by receptor priming and low pH 
triggering of an envelope glycoprotein. Cell 2000; 103(4):679-689.

81. Bar S, Takada A, Kawaoka Y et al. Detection of cell-cell fusion mediated by Ebola virus glycoproteins. 
J Virol 2006; 80(6):2815-2822.

82. Ito H, Watanabe S, Sanchez A et al. Mutational analysis of the putative fusion domain of Ebola virus 
glycoprotein. J Virol 1999; 73(10):8907-8912.

83. Simmons G, Reeves JD, Rennekamp AJ et al. Characterization of severe acute respiratory 
syndrome-associated coronavirus (SARS-CoV) spike glycoprotein-mediated viral entry. Proc Natl 
Acad Sci USA 2004; 101(12):4240-4245.

84. Chandran K, Sullivan NJ, Felbor U et al. Endosomal proteolysis of the Ebola virus glycoprotein is 
necessary for infection. Science 2005; 308(5728):1643-1645.

85. Schornberg K, Matsuyama S, Kabsch K et al. Role of endosomal cathepsins in entry mediated by the 
Ebola virus glycoprotein. J Virol 2006; 80(8):4174-4178.

86. Misasi J, Chandran K, Yang JY et al. Filoviruses require endosomal cysteine proteases for entry but 
exhibit distinct protease preferences. J Virol 2012; 86(6):3284-3292.



94 VIRAL ENTRY INTO HOST CELLS

87. Gnirss K, Kühl A, Karsten C et al. Cathepsins B and L activate Ebola but not Marburg virus glycoproteins 
for efficient entry into cell lines and macrophages independent of TMPRSS2 expression. Virology 
2012; 424(1):3-10.

88. Ebert DH, Deussing J, Peters C et al. Cathepsin L and cathepsin B mediate reovirus disassembly in 
murine fibroblast cells. J Biol Chem 2002; 277(27):24609-24617.

89. Simmons G, Gosalia DN, Rennekamp AJ et al. Inhibitors of cathepsin L prevent severe acute respiratory 
syndrome coronavirus entry. Proc Natl Acad Sci USA 2005; 102(33):11876-11881.

90. Qiu Z, Hingley ST, Simmons G et al. Endosomal proteolysis by cathepsins is necessary for murine 
coronavirus mouse hepatitis virus type 2 spike-mediated entry. J Virol 2006; 80(12):5768-5776.

91. Carette JE, Raaben M, Wong AC et al. Ebola virus entry requires the cholesterol transporter Niemann-Pick 
C1. Nature 2011; 477(7364):340-343.

92. Cote M, Misasi J, Ren T et al. Small molecule inhibitors reveal Niemann-Pick C1 is essential for Ebola 
virus infection. Nature 2011; 477(7364):344-348.

93. Miller EH, Obernosterer G, Raaben M et al. Ebola virus entry requires the host-programmed recognition 
of an intracellular receptor. EMBO J 2012; 31(8):1947-1960.


	CHAPTER 5 FILOVIRUS ENTRY
	Abstract
	INTRODUCTION
	FILOVIRUS GLYCOPROTEIN
	CELLULAR TROPISM
	RECEPTORS FOR FILOVIRUS ENTRY
	ATTACHMENT FACTORS
	ROUTES OF ENTRY
	MECHANISMS OF MEMBRANE FUSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




