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Illuminating the switch in 
influenza viruses
Carole A Bewley

Integrating data from glycan microarrays and X-ray structures sheds light on 
human adaptation of influenza viruses.

For animal influenza viruses to cause pandem-
ics in human populations, their hemagglutinin 
(HA) proteins must acquire mutations 
that allow human-to-human transmission. 
Fortunately, this barrier has so far protected 
us from rapid spread of H5N1, an especially 
pathogenic strain of avian flu. In this issue, 
Chandrasekaran et al.1 illuminate what would 
be needed for H5N1 to make the transition 
to a virulent human pathogen. In particular, 
they show that HA must acquire mutations 
that confer viral specificity for host recep-
tors that adopt an umbrella-like topology, as 
opposed to the cone-like structure of recep-
tors recognized by avian viruses.

The influenza subtypes responsible for 
pandemics appear to have arisen through 
reassortment between avian, swine and 
human strains. The Spanish flu of 1918 
caused as many as 40 million deaths, and 
the 1957 Asian flu and the 1968 Hong Kong 
flu, although taking a lower toll, also reached 
pandemic proportions. In recent years, H5N1 
has devastated poultry populations through-

out Asia, Africa and Europe, and has infected 
>330 people worldwide, with a fatality rate 
of 60%2. The possibility that it will acquire 
the ability to spread rapidly in human popu-
lations is clear cause for concern.

Infection by influenza viruses is mediated 
by binding of the viral surface glycoproteins 
HA and neuraminidase to their host recep-
tors, with receptor specificity and membrane 
fusion governed by HA. Whereas avian 
viruses bind preferentially to glycans termi-
nating in sialic acid connected to galactose 
through an α2-3 linkage, human-adapted 
viruses infect cells bearing glycans with α2-
6 linkages. Chandrasekaran et al. now revise 
this paradigm by showing that the presence 
of an α2-6 linkage alone is insufficient for 
human-to-human transmission and that the 
critical considerations are glycan composi-
tion and topology.

More than 25 years ago, fairly primitive 
studies of viral binding to sialylated eryth-
rocytes or erythrocytes whose sialosides 
had been removed or altered demonstrated 
that closely related influenza HAs can dis-
criminate between α2-3– and α2-6–linked 
sialosides3. Since then, X-ray structures of 
HAs of essentially all major influenza virus 
subtypes (H1, H2, H3, H5 and H9) in com-
plex with human, avian or swine receptors 
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observation of these animals was only 100 days, 
in a sense this test of chimera formation is quite 
rigorous. In it, stem cells and their progeny 
are asked to differentiate into every cell type 
in the body, to undergo many rounds of pre-
cisely controlled processes of cell division, 
programmed cell death and extensive migra-
tion, and to integrate into tissues and function 
normally. By contrast, the assay for the human 
cells—teratoma formation—is relatively short 
term and gives no information about function. 
It is interesting that in Thomson’s studies9, 
human iPS cells from postnatal tissue formed 
teratomas that did not regularly display the 
same range of somatic differentiation as those 
from ES cells or iPS cells derived from fetal 
fibroblasts. The implications of this finding 
are uncertain at present, but it could indicate 
that the postnatal cells were not completely 
reprogrammed. Definitive alternative assays 
for pluripotency of human stem cells have not 
been developed and are badly needed.

In the near future, derivation of iPS cell 
lines using current protocols from individuals 
with known susceptibility to genetic disease 
could provide laboratory models for the study 
of pathogenesis and for development of new 
therapies. Whether this or other forms of cell 
reprogramming ultimately prove useful for 
individualized patient therapy remains to be 
seen. If iPS lines differ in their ability to differ-
entiate down particular lineages, it may be nece-
ssary to generate and test many lines for each 
patient, and the question of how to carry out 
safety assessment rapidly and thoroughly will 
be daunting, unless short-term predictive assays 
are developed. However, it does seem likely that 
the iPS cell approach is the most efficient and 
practical way to produce large banks of pluripo-
tent cells of desired HLA haplotypes for tissue 
matching, without using thousands of embryos. 
Whatever the way forward, reducing the risk 
of malignant transformation of iPS cells is an 
essential step toward their use in the clinic.
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Figure 1  Omission of c-Myc from the reprogramming protocol used to generated iPS cells results in decreased tumor formation in chimeric offspring 
compared with mice derived from iPS cells generated with the oncogene.
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have revealed much of the structural 
detail affecting receptor specificity4–9. For 
instance, to accommodate the more roomy 
α2-6 receptors, receptor binding sites of 
human-adapted HAs are ~0.5 Å wider than 
their avian counterparts. Furthermore, in 
the most predictable cases, specificity can 
be predicted by the amino acids present at 
positions known to contact the receptor.

Advances in carbohydrate synthesis and 
microarray technologies have led to the 
development of glycan microarrays, some 
of which carry more than 200 unique cell-
surface glycans10 and enable rapid profil-
ing of the glycan specificity of any protein 
of interest (Fig. 1a). Glycan microarrays 
have been used to characterize the recep-
tor specificity of various native and mutant 
HAs, including those responsible for major 
flu outbreaks. Similarly, advances in mass 
spectrometry now permit the determination 
of the sequence and composition of glycans 
present on the surfaces of diverse cell types.

These technologies are invaluable for 
assigning receptor specificity. However, the 
relationship between receptor preference, 
cell tropism and host-to-host transmission 
often remains unclear. For instance, some 
human influenza virus isolates that have HAs 
which bind α2-6 sialosides do not transmit 
in human-to-human models. Such observa-
tions may be explained in part by recent find-
ings that, in addition to host cells bearing the 
correct receptor, efficient transmission often 
requires that virus replication occur in the 
upper respiratory tract11. The complexity of 
factors contributing to influenza virus infec-
tion and transmission underscores the need 
to merge outputs from information-rich 
technologies for optimal interpretation of 
complementary datasets.

Chandrasekaran et al. develop just such 
an integrative approach. First, they use lectin 
costaining and mass spectrometry to dem-
onstrate that α2-6 linkages are widely dis-
tributed on epithelial cells in human upper 
respiratory tract tissues and appear primarily 
on asparagine- or N-linked glycans. Given 
that agglutination assays using chicken 
erythrocytes were widely used to define gly-
can binding specificity, it is noteworthy that 
the cell surfaces of the human upper respira-
tory tract bear long α2-6 sialyl lactosamine 
structures—in contrast to the short α2-6 
receptors present on chicken erythrocytes.

The authors then examine available HA-
receptor crystal structures to explore the 
possibility of conformational distinctions 
between related receptors bound to HA. In 
particular, differences in glycan topology 
related to the fixed position of the sialic acid 
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Figure 1 Glycan structures required for human adaptation of influenza viruses. (a) Representative 
examples of glycans present on the glycan microarray and their respective groupings. (b) Topologies 
adopted by α2-3, short α2-6 and long α2-6 sialylated glycans on receptors relative to the sialic acid 
(SA) moiety. Within the limits of the SAα(2-3)Gal– and SAα(2-6)Gal–containing glycans printed on the 
microarray and the influenza hemagglutinins (HA) available for profiling, only receptors modified by 
long α2-6 sialylated glycans, such as those containing repeats of lactosamine (for example,  
Galβ(1-4)Glcβ(1-3)]n), are recognized.

unit that anchors the glycan to the recep-
tor show a striking correlation with recep-
tor usage. In receptors modified with α2-3 
sialylated glycans or short α2-6 sialylated gly-
cans, sugars located in front of the terminal 
sialic acid residue occupy a space described 
by a cone. In contrast, reducing sugars in 
receptors bearing long α2-6 sialylated gly-
cans fold back toward the plane of the sialic 
acid residue and contact it5, occupying a 
space resembling an open umbrella (Fig. 1b). 
Whereas the cone-like topology is associated 
with recognition by avian and swine HAs, a 
propensity to adopt the umbrella-like topol-
ogy is associated with the capacity for viral 
transmission between humans.

Although this observation that cone-like 
and umbrella-like topologies define viral 
specificity may at first seem obvious to those 
familiar with the nuances of carbohydrate 
structure and function, the story gets bet-
ter. Glycan microarrays have established the 

receptor specificities of HAs derived from 
modern and pandemic influenza viruses12. 
The authors mine this microarray data by 
assigning unique classifiers to distinct and 
relevant glycan fragments present in HA 
receptors and then analyze the pattern of 
HA recognition of each with respect to 
the parent virus’ ability to transmit. The 
analysis suggests that specific binding of 
HA to, for example, long α2-6 sialyl lac-
tosamine branches (containing repeats of 
Galβ1-4GlcNAc, or lactosamine) and not to 
short α2-6 sialyl lactosamine contributes to 
human-to-human transmission. Strikingly, 
fine receptor specificity assigned from the 
glycan microarray data also correlates with 
tissue tropism. For example, whereas strain 
SC18 (specific for long α2-6 receptors) 
localizes to the apical side of epithelial cells, 
Mos99 HA (able to bind multiple receptors) 
is observed throughout upper respiratory 
tract tissue.

NEWS  AND  V IEWS
©

20
08

 N
at

u
re

 P
u

b
lis

h
in

g
 G

ro
u

p
  

h
tt

p
:/

/w
w

w
.n

at
u

re
.c

o
m

/n
at

u
re

b
io

te
ch

n
o

lo
g

y



62 VOLUME 26   NUMBER 1   JANUARY 2008   NATURE BIOTECHNOLOGY

The finding that glycan topology—and not 
the type of linkage alone—determines the 
ability of influenza to cross the species barrier 
should translate to improved technologies for 
early detection of viruses able to cause a flu 
pandemic. Expanding the repertoire of N- and 
O-linked sialosides present on glycan micro-
arrays to incorporate these considerations 
should be valuable in this regard. Likewise, 
discovery of sialic acid–specific lectins with 
greater specificity than those currently avail-
able would permit more detailed character-
ization of cell surface receptors linked to 
tropism. If the results of Chandrasekaran 
et al.—many of which are based on recombi-
nant HAs glycan fragments derived from even 
more complex oligosaccharides—hold true for 
viral particles, miniaturizing such platforms 
could enable rapid and sensitive diagnostics 
for detection of viruses possessing traits asso-
ciated with human transmission. Ideally, these 
would be sufficiently robust for field use to 
keep tabs on flu outbreaks among livestock 
and other non-domesticated animals. As we 

Humanizing mouse thrombi
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A new mouse model with humanized blood vessels will facilitate testing of 
antiplatelet therapies.
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Antiplatelet drugs are among the most suc-
cessful pharmaceutical therapies ever devel-
oped in terms of the sheer number of lives 
saved. Used to treat acute myocardial infarc-
tion and ischemic stroke, current antiplate-
let drugs are nevertheless far from ideal as 
they are not effective in all patients and can 
cause significant bleeding complications. In 
this issue, Chen et al.1 describe a new mouse 
model that produces blood clots consisting 
largely of human platelets. These humanized 
thrombi provide a unique tool for assessing 
the effects of antiplatelet drugs on human 
platelets in the (patho)physiological setting 
of the mouse.

A large percentage of mortality and mor-
bidity in developed countries is driven by 
events that are platelet dependent. As devel-
oping countries adopt Western lifestyles, 

platelet-dependent diseases will become 
the dominant burden of healthcare systems 
worldwide. Thus, there is an enormous clini-
cal need for antiplatelet drugs.

Although aspirin has been around for 
more than 100 years, its antiplatelet mecha-
nism was established only in the late 1980s. 
The second most common antiplatelet drug 
is clopidogrel (Plavix), a P2Y12 ADP receptor 
antagonist. Clopidogrel has been used on a 
large scale as an antiplatelet drug since the 
mid-1990s. The third major group of anti-
platelet drugs are inhibitors of fibrinogen 
binding to GPIIb/IIIa. After Barry Coller 
proved in the 1980s–1990s that thrombus for-
mation is inhibited by abciximab (ReoPro), 
the first GPIIb/IIIa blocker, many pharma-
ceutical companies ventured into develop-
ing ligand-mimetic GPIIb/IIIa blockers in IV 
and oral formulations2. Unfortunately, oral 
GPIIb/IIIa inhibitors proved to be unsafe, 
unexpectedly leading to increased mortality, 
probably due to the chosen ligand-mimick-
ing strategy3. Moreover, all the currently used 
antiplatelet drugs prolong bleeding time in 

animals. This translates into increased bleed-
ing complications in humans, substantially 
limiting the use of these drugs. In addition, 
aspirin and clopidogrel may not work in up 
to 30% of patients4. The limitations of cur-
rent antiplatelet drugs underscore the need 
for new antiplatelet agents.

In many respects, including receptor utili-
zation and signaling pathways, human plate-
lets are similar to mouse platelets. However, 
there are also clear differences. Mouse plate-
lets are smaller than human platelets and 
differ in the densities of various receptors5. 
The platelet count is higher in mice than in 
humans. Mouse and human platelets also 
differ in their receptor repertoire (e.g., pro-
tease-activated receptors (PAR), FcγRIIa)6. 
Thus, conventional mouse thrombosis mod-
els may not be suitable to develop drugs that 
target specific human receptors.

The interaction of von Willebrand Factor 
(VWF) expressed on endothelial cells and 
glycoprotein Ibα (GPIbα) on platelets 
(Fig. 1a) is considered the necessary initial 
step for platelet adhesion, platelet activa-
tion and finally thrombus formation under 
the conditions of high shear stress found in 
human arteries. In a fascinating and well-
designed approach, Chen et al. used struc-
tural analysis of the interaction between 
a mouse receptor and the corresponding 
human ligand to engineer mouse blood ves-
sels that are receptive to human platelets.

First, they demonstrated that human 
GPIbα does not bind mouse VWF. Using 
atomic models of an interspecies VWF–
GPIbα complex, they identified a binding 
‘hot spot’ within the A1 domain of VWF 
(VWF-A1), which is characterized by a 
unique electrostatic feature that causes inter-
species incompatibility (Fig. 1b). Mutating 
a single amino acid in mouse VWF-A1 
switched the specificity of mouse VWF 
from mouse GPIbα toward human GPIbα 
(Fig. 1c). When arterioles in the cremaster 
muscle of these mice were injured using a 
laser, no thrombus formation was observed. 
However, if human platelets were infused 
intravenously after the laser-induced injury, 
thrombi consisting of >90% human plate-
lets developed. Moreover, in the absence 
of human platelets, bleeding time in the 
humanized mouse VWF model increased 
(to 8–10 minutes). Bleeding time was nor-
malized by the infusion of human platelets 
(to ≤3 minutes).

Thus, the humanized mouse VWF model 
allows evaluation of drugs for their anti-
thrombotic potency as well as for their bleed-
ing side effects in the presence of human 
platelets in an animal setting. Indeed, the 

hone our detection technologies, viruses will 
no doubt persist in finding new ways to breach 
cross-species barriers. Nonetheless, integrative 
approaches like that of Chandrasekaran et al. 
will be indispensable for staying ahead of the 
curve.
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