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THE GLYCAN SHIELD 
CAPTURING VIRUSES BY THEIR OWN IMMUNE EVASION MECHANISM
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The Aethlon Hemopurifier®
Capturing Viruses By Their Own Immune Evasion Mechanism

The Aethlon Hemopurifier® captures infectious viruses by a surface glycan 
shield that promotes the survival of viral pathogens. Viruses have evolved the 
ability  to  cloak  themselves  within  a  glycan  shield  as  a  means  to  evade 
detection  of  the  immune  system.   Beyond  inhibiting  the  ability  of 
neutralizing antibodies  to  control  infection,  the glycan shield represents a 
major impediment to vaccine and antibody drug development.
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The Aethlon Hemopurifier®
An Immune Response Ally to Combat Life-Threatening Viral Infections

The  Aethlon  Hemopurifier®  is  a  first-in-class 
medical  technology  that  prevents  viruses  from 
infecting host cells.  Residing within the device is 
a is a remarkable antiviral binding agent known as 
galanthus nivalis agglutinin (GNA). GNA binds 
high-mannose carbohydrate structures that form a 
protective  glycan  shield  that  cloaks 
infectious  viruses  from  being  recognized  by 
the immune system.   GNA has a specificity to 
bind a broad-spectrum of viral pathogens, yet has 
limited  interactions  with  most  human  proteins.  
The  resulting  mechanism  establishes  the 
Hemopurifier®  as  an  immune  response  ally  to 
combat life-threatening viral infections..
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Published studies describing the immune evasion & 
therapeutic challenges posed by viral envelope glycans
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Nat Struct Mol Biol. 2016 Oct;23(10):899-905. doi: 10.1038/nsmb.3293. Epub 2016 Sep 12. 
 
Glycan shield and epitope masking of a coronavirus spike protein observed by cryo-electron microscopy. 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Abstract 
The threat of a major coronavirus pandemic urges the development of strategies to combat these 
pathogens. Human coronavirus NL63 (HCoV-NL63) is an α-coronavirus that can cause severe 
lower-respiratory-tract infections requiring hospitalization. We report here the 3.4-Å-resolution 
cryo-EM reconstruction of the HCoV-NL63 coronavirus spike glycoprotein trimer, which mediates 
entry into host cells and is the main target of neutralizing antibodies during infection. The map 
resolves the extensive glycan shield obstructing the protein surface and, in combination with 
mass spectrometry, provides a structural framework to understand the accessibility to antibodies. 
The structure reveals the complete architecture of the fusion machinery including the triggering 
loop and the C-terminal domains, which contribute to anchoring the trimer to the viral membrane. 
Our data further suggest that HCoV-NL63 and other coronaviruses use molecular trickery, 
based on epitope masking with glycans and activating conformational changes, to evade 
the immune system of infected hosts. 
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 PLoS Pathog. 2015 Nov 20;11(11):e1005276. doi: 10.1371/journal.ppat.1005276. eCollection 2015 Nov. 
Arenavirus Glycan Shield Promotes Neutralizing Antibody Evasion and Protracted Infection. 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Abstract 

Arenaviruses such as Lassa virus (LASV) can cause severe hemorrhagic fever in humans. As a major 
impediment to vaccine development, delayed and weak neutralizing antibody (nAb) responses 
represent a unifying characteristic of both natural infection and all vaccine candidates tested to 
date. To investigate the mechanisms underlying arenavirus nAb evasion we engineered several 
arenavirus envelope-chimeric viruses and glycan-deficient variants thereof. We performed neutralization 
tests with sera from experimentally infected mice and from LASV-convalescent human patients. NAb 
response kinetics in mice correlated inversely with the N-linked glycan density in the arenavirus envelope 
protein's globular head. Additionally and most intriguingly, infection with fully glycosylated viruses 
elicited antibodies, which neutralized predominantly their glycan-deficient variants, both in mice 
and humans. Binding studies with monoclonal antibodies indicated that envelope glycans 
reduced nAb on-rate, occupancy and thereby counteracted virus neutralization. In infected mice, 
the envelope glycan shield promoted protracted viral infection by preventing its timely elimination by the 
ensuing antibody response. Thus, arenavirus envelope glycosylation impairs the protective efficacy 
rather than the induction of nAbs, and thereby prevents efficient antibody-mediated virus control. 
This immune evasion mechanism imposes limitations on antibody-based vaccination and 
convalescent serum therapy. 
. 
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Abstract 
Glycans on HIV-1 Envelope serve multiple functions including blocking epitopes from 
antibodies. We show that removal of glycan 301, a major target of anti-V3/glycan antibodies, has 
substantially different effects in two viruses. While glycan 301 on Du156.12 blocks epitopes 
commonly recognized by sera from chronically HIV-1-infected individuals, it does not do so on 
CAP45.G3, suggesting that removing the 301 glycan has a smaller effect on the integrity of the 
glycan shield in CAP45.G3. Changes in sensitivity to broadly neutralizing monoclonal antibodies 
suggest that the interaction between glycan 301 and the CD4 binding site differ substantially 
between these 2 viruses. Molecular modeling suggests that removal of glycan 301 likely exposes 
a greater surface area of the V3 and C4 regions in Du156.12. Our data indicate that the 
contribution of the 301 glycan to resistance to common neutralizing antibodies varies 
between viruses, allowing for easier selection for its loss in some viruses.

Virology. 2017 Jan 15;501:12-24. doi: 10.1016/j.virol.2016.10.026. Epub 2016 Nov 13. 
Chinks in the armor of the HIV-1 Envelope glycan shield: Implications for 
immune escape from anti-glycan broadly neutralizing antibodies. 
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Abstract 
While the HIV-1-glycan shield is known to shelter Env from the humoral immune response, its 
quantitative impact on antibody elicitation has been unclear. Here, we use targeted deglycosylation 
to measure the impact of the glycan shield on elicitation of antibodies against the CD4 
supersite. We engineered diverse Env trimers with select glycans removed proximal to the CD4 
supersite, characterized their structures and glycosylation, and immunized guinea pigs and rhesus 
macaques. Immunizations yielded little neutralization against wild-type viruses but potent CD4-
supersite neutralization (titers 1: >1,000,000 against four-glycan-deleted autologous viruses 
with over 90% breadth against four-glycan-deleted heterologous strains exhibiting tier 2 
neutralization character). To a first approximation, the immunogenicity of the glycan-shielded 
protein surface was negligible, with Env-elicited neutralization (ID50) proportional to the 
exponential of the protein-surface area accessible to antibody. Based on these high titers and 
exponential relationship, we propose site-selective deglycosylated trimers as priming immunogens to 
increase the frequency of site-targeting antibodies.

Cell Rep. 2017 Apr 25;19(4):719-732. doi: 10.1016/j.celrep.2017.04.013. 
Quantification of the Impact of the HIV-1-Glycan Shield on Antibody Elicitation. 
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Lemmin T1, Narpala S1, Rawi R1, Soto C1, Todd JP1, Shen CH1, Tsybovsky Y2, Yang Y1, Zhao P3, 
Haynes BF4, Stamatatos L5, Tiemeyer M3, Wells L6, Scorpio DG1, Shapiro L7, McDermott AB1, Mascola 
JR8, Kwong PD9. 
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Abstract 
Ebola virus (EBOV) entry requires the virion surface-associated glycoprotein (GP) that is composed of 
a trimer of heterodimers (GP1/GP2). The GP1 subunit contains two heavily glycosylated domains, the 
glycan cap and the mucin-like domain (MLD). The glycan cap contains only N-linked glycans, 
whereas the MLD contains both N- and O-linked glycans. Site-directed mutagenesis was performed 
on EBOV GP1 to systematically disrupt N-linked glycan sites to gain an understanding of their role in 
GP structure and function. All 15 N-glycosylation sites of EBOV GP1 could be removed without 
compromising the expression of GP. The loss of these 15 glycosylation sites significantly enhanced 
pseudovirion transduction in Vero cells, which correlated with an increase in protease sensitivity. 
Interestingly, exposing the receptor-binding domain (RBD) by removing the glycan shield did not allow 
interaction with the endosomal receptor, NPC1, indicating that the glycan cap/MLD domains mask 
RBD residues required for binding. The effects of the loss of GP1 N-linked glycans on Ca(2+)-
dependent (C-type) lectin (CLEC)-dependent transduction were complex, and the effect was unique 
for each of the CLECs tested. Surprisingly, EBOV entry into murine peritoneal macrophages was 
independent of GP1 N-glycans, suggesting that CLEC-GP1 N-glycan interactions are not required for 
entry into this important primary cell. Finally, the removal of all GP1 N-glycans outside the MLD 
enhanced antiserum and antibody sensitivity. In total, our results provide evidence that the 
conserved N-linked glycans on the EBOV GP1 core protect GP from antibody neutralization 
despite the negative impact the glycans have on viral entry efficiency.

MBio. 2014 Jan 28;5(1):e00862-13. doi: 10.1128/mBio.00862-13. 
Comprehensive functional analysis of N-linked glycans on Ebola 
virus GP1. 
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Abstract 
The prototypic herpesvirus human cytomegalovirus (CMV) exhibits the extraordinary ability to 
establish latency and maintain a chronic infection throughout the life of its human host. This is even 
more remarkable considering the robust adaptive immune response elicited by infection and 
reactivation from latency. In addition to the ability of CMV to exist in a quiescent latent state, its 
persistence is enabled by a large repertoire of viral proteins that subvert immune defense 
mechanisms, such as NK cell activation and major histocompatibility complex antigen presentation, 
within the cell. However, dissemination outside the cell presents a unique existential challenge to the 
CMV virion, which is studded with antigenic glycoprotein complexes targeted by a potent neutralizing 
antibody response. The CMV virion envelope proteins, which are critical mediators of cell 
attachment and entry, possess various characteristics that can mitigate the humoral immune 
response and prevent viral clearance. Here we review the CMV glycoprotein complexes crucial for 
cell attachment and entry and propose inherent properties of these proteins involved in evading the 
CMV humoral immune response. These include viral glycoprotein polymorphism, epitope 
competition, Fc receptor-mediated endocytosis, glycan shielding, and cell-to-cell spread. The 
consequences of CMV virion glycoprotein-mediated immune evasion have a major impact on 
persistence of the virus in the population, and a comprehensive understanding of these evasion 
strategies will assist in designing effective CMV biologics and vaccines to limit CMV-associated 
disease. 

Microbiol Mol Biol Rev. 2016 Jun 15;80(3):663-77. doi: 10.1128/MMBR.00018-16. Print 2016 
Sep. 
Virion Glycoprotein-Mediated Immune Evasion by Human 
Cytomegalovirus: a Sticky Virus Makes a Slick Getaway. 
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Abstract 
Hepatitis C virus (HCV) is a major cause of liver cirrhosis and hepatocellular carcinoma. A challenge for 
HCV vaccine development is to identify conserved epitopes able to elicit protective antibodies against 
this highly diverse virus. Glycan shielding is a mechanism by which HCV masks such epitopes on 
its E2 envelope glycoprotein. Antibodies to the E2 region comprising residues 412-423 
(E2(412-423)) have broadly neutralizing activities. However, an adaptive mutation in this linear 
epitope, N417S, is associated with a glycosylation shift from Asn-417 to Asn-415 that enables 
HCV to escape neutralization by mAbs such as HCV1 and AP33. By contrast, the human mAb HC33.1 
can neutralize virus bearing the N417S mutation. To understand how HC33.1 penetrates the glycan 
shield created by the glycosylation shift to Asn-415, we determined the structure of this broadly 
neutralizing mAb in complex with its E2(412-423) epitope to 2.0 Å resolution. The conformation of 
E2(412-423) bound to HC33.1 is distinct from the β-hairpin conformation of this peptide bound to HCV1 
or AP33, because of disruption of the β-hairpin through interactions with the unusually long 
complementarity-determining region 3 of the HC33.1 heavy chain. Whereas Asn-415 is buried by HCV1 
and AP33, it is solvent-exposed in the HC33.1-E2(412-423) complex, such that glycosylation of Asn-415 
would not prevent antibody binding. Furthermore, our results highlight the structural flexibility of the 
E2(412-423) epitope, which may serve as an immune evasion strategy to impede induction of 
antibodies targeting this site by reducing its antigenicity.

J Biol Chem. 2015 Apr 17;290(16):10117-25. doi: 10.1074/jbc.M115.643528. Epub 2015 Mar 
3. 
Structural basis for penetration of the glycan shield of hepatitis C virus 
E2 glycoprotein by a broadly neutralizing human antibody. 
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Abstract 
A challenge for hepatitis C virus (HCV) vaccine development is to define epitopes that are able to elicit 
protective antibodies against this highly diverse virus. The E2 glycoprotein region located at residues 
412-423 is conserved and antibodies to 412-423 have broadly neutralizing activities. However, an adaptive 
mutation, N417S, is associated with a glycan shift in a variant that cannot be neutralized by a murine 
but by human monoclonal antibodies (HMAbs) against 412-423. To determine whether HCV escapes from 
these antibodies, we analyzed variants that emerged when cell culture infectious HCV virions (HCVcc) were 
passaged under increasing concentrations of a specific HMAb, HC33.1. Multiple nonrandom escape 
pathways were identified. Two pathways occurred in the context of an N-glycan shift mutation at N417T. At 
low antibody concentrations, substitutions of two residues outside of the epitope, N434D and K610R, led to 
variants having improved in vitro viral fitness and reduced sensitivity to HC33.1 binding and neutralization. At 
moderate concentrations, a S419N mutation occurred within 412-423 in escape variants that have greatly 
reduced sensitivity to HC33.1 but compromised viral fitness. Importantly, the variants generated from these 
pathways differed in their stability. N434D and K610R-associated variants were stable and became dominant 
as the virions were passaged. The S419N mutation reverted back to N419S when immune pressure was 
reduced by removing HC33.1. At high antibody concentrations, a mutation at L413I was observed in variants 
that were resistant to HC33.1 neutralization. Collectively, the combination of multiple escape pathways 
enabled the virus to persist under a wide range of antibody concentrations. Moreover, these findings 
pose a different challenge to vaccine development beyond the identification of highly conserved 
epitopes. It will be necessary for a vaccine to induce high potency antibodies that prevent the formation of 
escape variants, which can co-exist with lower potency or levels of neutralizing activities. 

PLoS Pathog. 2014 Aug 14;10(8):e1004297. doi: 10.1371/journal.ppat.1004297. eCollection 2014 Aug. 
Non-random escape pathways from a broadly neutralizing human monoclonal 
antibody map to a highly conserved region on the hepatitis C virus E2 
glycoprotein encompassing amino acids 412-423. 
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Abstract 
Influenza A(H3N2) has been a major cause of seasonal influenza in humans since 1968, and 
has evolved by antigenic drift under the constantly changing human herd immunity. Increasing 
evidence suggests that the antigenic change occasionally occurred concomitant with the 
alterations of the N-glycosylation site profile and hemagglutination activity of the virion 
surface protein hemagglutinin (HA). However, the structural basis of these changes remains 
largely unclear. To address this issue, we performed molecular dynamics simulations of the 
glycosylated HA trimers of the A(H3N2), which has a novel pattern of Asn-X-Ser/Thr 
sequons unique in the new A(H3N2) epidemic clade 3C.2a and is characterized by attenuated 
ability to agglutinate nonhuman erythrocytes. Comparison of the equilibrated structures of the 
glycosylated HA trimers with and without the 3C.2a-specific mutations reveals that the 
mutations could induce a drastic reduction in the apical space for the ligand binding via 
glycan-shield rearrangement. The results suggest that the 3C.2a strain has evolved an 
HA structure that is advantageous for evading pre-existing antibodies, while also 
increasing the ligand binding specificity. These findings have structural implications for our 
understanding of the phenotypic changes, evolution, and fate of influenza A(H3N2).

Front Microbiol. 2017 Apr 10;8:584. doi: 10.3389/fmicb.2017.00584. eCollection 2017. 
Molecular Dynamics Simulation of the Influenza A(H3N2) Hemagglutinin 
Trimer Reveals the Structural Basis for Adaptive Evolution of the 
Recent Epidemic Clade 3C.2a. 
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Abstract 
Highly pathogenic H5N1 avian influenza virus (A/H5N1) devastated the poultry industry and 
continues to pose a pandemic threat. Studying the progressive genetic changes in A/H5N1 
after long-term circulation in poultry may help us to better understand A/H5N1 biology in birds. 
A/H5N1 clade 2.2.1.1 antigenic drift viruses have been isolated from vaccinated commercial 
poultry in Egypt. They exhibit a peculiar stepwise accumulation of glycosylation sites (GS) 
in the haemagglutinin (HA) with viruses carrying, beyond the conserved 5 GS, additional GS 
at amino acid residues 72, 154, 236 and 273 resulting in 6, 7, 8 or 9 GS in the HA. Available 
information about the impact of glycosylation on virus fitness and pathobiology is mostly 
derived from mammalian models. Here, we generated recombinant viruses imitating the 
progressive acquisition of GS in HA and investigated their biological relevance in vitro and in 
vivo. Our in vitro results indicated that the accumulation of GS correlated with increased 
glycosylation, increased virus replication, neuraminidase activity, cell-to-cell spread and 
thermostability, however, strikingly, without significant impact on virus escape from neutralizing 
antibodies. In vivo, glycosylation modulated virus virulence, tissue tropism, replication 
and chicken-to-chicken transmission. Predominance in the field was towards viruses 
with hyperglycosylated HA. Together, progressive glycosylation of the HA may foster 
persistence of A/H5N1 by increasing replication, stability and bird-to-bird transmission 
without significant impact on antigenic drift.

J Gen Virol. 2016 Dec;97(12):3193-3204. doi: 10.1099/jgv.0.000648. Epub 2016 Oct 28. 
Progressive glycosylation of the haemagglutinin of avian influenza 
H5N1 modulates virus replication, virulence and chicken-to-chicken 
transmission without significant impact on antigenic drift. 
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Abstract 
Ebola virus (EBOV) entry requires the surface glycoprotein (GP) to initiate attachment 
and fusion of viral and host membranes. Here we report the crystal structure of EBOV GP 
in its trimeric, pre-fusion conformation (GP1+GP2) bound to a neutralizing antibody, KZ52, 
derived from a human survivor of the 1995 Kikwit outbreak. Three GP1 viral attachment 
subunits assemble to form a chalice, cradled by the GP2 fusion subunits, while a novel glycan 
cap and projected mucin-like domain restrict access to the conserved receptor-binding site 
sequestered in the chalice bowl. The glycocalyx surrounding GP is likely central to 
immune evasion and may explain why survivors have insignificant neutralizing 
antibody titres. KZ52 recognizes a protein epitope at the chalice base where it clamps 
several regions of the pre-fusion GP2 to the amino terminus of GP1. This structure provides a 
template for unravelling the mechanism of EBOV GP-mediated fusion and for future 
immunotherapeutic development.

Nature. 2008 Jul 10;454(7201):177-82. doi: 10.1038/nature07082. 
Structure of the Ebola virus glycoprotein bound to an antibody 
from a human survivor. 
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Abstract 
The magnitude of the 2013-2016 Ebola virus disease (EVD) epidemic enabled an 
unprecedented number of viral mutations to occur over successive human-to-human 
transmission events, increasing the probability that adaptation to the human host occurred 
during the outbreak. We investigated one nonsynonymous mutation, Ebola virus (EBOV) 
glycoprotein (GP) mutant A82V, for its effect on viral infectivity. This mutation, located at the 
NPC1-binding site on EBOV GP, occurred early in the 2013-2016 outbreak and rose to 
high frequency. We found that GP-A82V had heightened ability to infect primate cells, 
including human dendritic cells. The increased infectivity was restricted to cells that have 
primate-specific NPC1 sequences at the EBOV interface, suggesting that this mutation was 
indeed an adaptation to the human host. GP-A82V was associated with increased mortality, 
consistent with the hypothesis that the heightened intrinsic infectivity of GP-A82V 
contributed to disease severity during the EVD epidemic.

Cell. 2016 Nov 3;167(4):1088-1098.e6. doi: 10.1016/j.cell.2016.10.014. 
Ebola Virus Glycoprotein with Increased Infectivity Dominated the 
2013-2016 Epidemic. 
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Abstract 
The adaptation of Chikungunya virus (CHIKV) to a new vector, the Aedes albopictus mosquito, is a major 
factor contributing to its ongoing re-emergence in a series of large-scale epidemics of arthritic disease in 
many parts of the world since 2004. Although the initial step of CHIKV adaptation to A. albopictus was 
determined to involve an A226V amino acid substitution in the E1 envelope glycoprotein that first arose in 
2005, little attention has been paid to subsequent CHIKV evolution after this adaptive mutation was 
convergently selected in several geographic locations. To determine whether selection of second-step 
adaptive mutations in CHIKV or other arthropod-borne viruses occurs in nature, we tested the effect of 
an additional envelope glycoprotein amino acid change identified in Kerala, India in 2009. This 
substitution, E2-L210Q, caused a significant increase in the ability of CHIKV to develop a disseminated 
infection in A. albopictus, but had no effect on CHIKV fitness in the alternative mosquito vector, A. aegypti, 
or in vertebrate cell lines. Using infectious viruses or virus-like replicon particles expressing the E2-210Q 
and E2-210L residues, we determined that E2-L210Q acts primarily at the level of infection of A. 
albopictus midgut epithelial cells. In addition, we observed that the initial adaptive substitution, E1-
A226V, had a significantly stronger effect on CHIKV fitness in A. albopictus than E2-L210Q, thus 
explaining the observed time differences required for selective sweeps of these mutations in nature. 
These results indicate that the continuous CHIKV circulation in an A. albopictus-human cycle 
since 2005 has resulted in the selection of an additional, second-step mutation that may facilitate 
even more efficient virus circulation and persistence in endemic areas, further increasing the risk 
of more severe and expanded CHIK epidemics.

PLoS Pathog. 2011 Dec;7(12):e1002412. doi: 10.1371/journal.ppat.1002412. Epub 2011 Dec 8. 
Sequential adaptive mutations enhance efficient vector switching by 
Chikungunya virus and its epidemic emergence. 
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