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DAS181 is a novel candidate therapeutic agent against influenza virus which functions via the mechanism of
removing the virus receptor, sialic acid (Sia), from the adjacent glycan structures. DAS181 and its analogues have
previously been shown to be potently active against multiple strains of seasonal and avian influenza virus strains
in several experimental models, including cell lines, mice, and ferrets. Here we demonstrate that DAS181 treatment
leads to desialylation of both �2-6-linked and �2-3-linked Sia in ex vivo human lung tissue culture and primary
pneumocytes. DAS181 treatment also effectively protects human lung tissue and pneumocytes against the highly
pathogenic avian influenza virus H5N1 (A/Vietnam/3046/2004). Two doses of DAS181 treatment given 12 h apart
were sufficient to block H5N1 infection in the ex vivo lung tissue culture. These findings support the potential value
of DAS181 as a broad-spectrum therapeutic agent against influenza viruses, especially H5N1.

Since 1997, the highly pathogenic avian influenza virus
H5N1 subtype has been causing epidemics in wild and domes-
ticated birds. From 2003 to March 2009, 411 cases of human
infections with the avian H5N1 virus have been confirmed and
over 60% of the cases were lethal (http://www.who.int/csr/disease
/avian_influenza/country/cases_table_2009_03_11/en/index.html).
These events have heightened public awareness of an impending
influenza pandemic. However, investigation of H5N1 virus patho-
genesis has been hampered not only by the strict biosafety re-
quirement for handling the virus but also by the lack of a readily
available experimental model that faithfully replicates the human
respiratory system, as animal models differ in their similarity of
binding and infection for human and avian influenza viruses (18,
19) Several experimental models have been used to study influ-
enza virus infection in humans, including human cell lines; short-
term cultures of in vitro differentiated epithelia, e.g., well-differ-
entiated human airway epithelia (5, 16); and ex vivo cultures of
human tissues (8, 11). Each of these has its advantages and dis-
advantages. We (8) and others (11) have demonstrated that short-
term cultures of normal nasopharyngeal tissue, primary pneumo-
cytes, and lung tissue sections can support H5N1 virus infection.
These ex vivo human airway tissues or primary cells can poten-
tially be more relevant models for investigating viral tropism and
new antiviral agents since they are directly derived from normal
human airway epithelia with little in vitro manipulation.

The existing influenza virus therapeutic agents recognize
various viral components as molecular targets. In recent years,
modifying host cells as a way to interrupt the life cycle of a
pathogen has emerged as a novel approach to tackle infectious
diseases, and DAS181 is the first anti-influenza virus therapeu-
tic candidate that targets the host cells rather than the virus.
Evidence accumulated since the 1940s has indisputably dem-
onstrated the key role of sialic acid (Sia) as the receptor for
influenza virus infection (2, 10, 12, 14). DAS181 is designed to
inhibit influenza virus infection by inactivating the viral recep-
tor, Sia. It is a recombinant sialidase fusion protein composed
of the active domain of Actinomyces viscosus sialidase and the
heparin binding sequence derived from the human protein
amphiregulin for anchoring to epithelial surfaces (4). The A.
viscosus sialidase domain selectively cleaves Sia from host cells,
rendering them inaccessible to influenza viral particles. By
binding to the negatively charged glycosaminoglycans on the
airway epithelial cell surface, the cationic C-terminal amphi-
regulin tag anchors DAS181 on the respiratory epithelium,
thereby improving the potency of the molecule.

We previously reported potent in vitro and in vivo efficacy of
DAS181 against multiple influenza virus A and B strains (4),
including the highly pathogenic H5N1 influenza virus infection
of mice (A/Vietnam/1203/2004 or VN/1203) (1). Daily
DAS181 treatment of mice at 1 mg/kg/day beginning 1 day
preinfection with VN/1203 has been shown to protect 100% of
the mice tested from this fatal disease, prevented viral dissem-
ination to the brain, and effectively blocked infection in 70% of
the treated mice. DAS181 at 1 mg/kg/day was also therapeu-
tically effective, conferring enhanced survival of H5N1 virus-
challenged mice when treatment began 72 h postinfection (1).
To further evaluate DAS181 efficacy against the highly patho-
genic H5N1 virus in model systems that closely mimic the
human respiratory tract in vivo, we conducted studies with ex
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vivo cultures of human lung tissue and primary pneumocytes.
The study results demonstrate that DAS181 effectively re-
moves the influenza virus Sia receptors and inhibits H5N1
infection within human lung tissue.

MATERIALS AND METHODS

Viruses. Influenza virus strains A/Hong Kong/54/98 (H1N1) and A/Vietnam/
3046/04 (H5N1) were isolated in Madin-Darby canine kidney cells. They were
cloned by limiting dilution, and seed virus stocks were prepared with Madin-
Darby canine kidney cells as previously described (8). All H5N1 virus experi-
ments were carried out in a biosafety level 3 biocontainment certified facility in
the Department of Microbiology of the University of Hong Kong.

Type I-like pneumocyte isolation. Primary type II pneumocytes were isolated
by using human nonmalignant lung tissue obtained from patients who underwent
lung resection. We adopted a protocol that has previously been published (20).
Briefly, after removing visible bronchi, the lung tissue was minced into pieces
�0.5 mm in thickness with a tissue chopper and washed with a balanced salt
solution containing Hanks’ balanced salt solution (Gibco) with 0.7 mM sodium
bicarbonate (Gibco) at pH 7.4 three times to partially remove macrophages and
blood cells. The tissue was digested with a combination of 0.5% trypsin (GIBCO
BRL, Gaithersburg, MD) and 4 U/ml elastase (Worthington Biochemical Cor-
poration, Lakewood, NJ) for 40 min at 37°C in a shaking water bath. The
digestion was stopped by adding Dulbecco modified Eagle medium/F12 (Gibco)
with 40% fetal bovine serum and DNase I (350 U/ml) (Sigma). Cell clumps were
dispersed by repeatedly pipetting the cell suspension for 10 min. A disposable
cell strainer (BD Science) with a gauze size of 50 �m was used to filter the
digested tissue fragments from the cell suspension. The single-cell suspension in
the flowthrough was spun down and resuspended in a 1:1 mixture of Dulbecco
modified Eagle medium/F12 and small airway basal medium (Lonza) supple-
mented with 0.5 ng/ml human epithelial growth factor, 500 ng/ml epinephrine, 10
�g/ml transferrin, 5 �g/ml insulin, 0.1 ng/ml retinoic acid, 6.5 ng/ml triiodothy-
ronine, 0.5 �g/ml hydrocortisone, 30 �g/ml bovine pituitary extract, and 0.5
mg/ml bovine serum albumin together with 5% fetal bovine serum and 350 U/ml
DNase I. The cell suspension was plated on a tissue culture grade plastic flask
(Corning) and incubated in a 37°C water-jacketed incubator with a 5% CO2

supply for 90 min. Nonadherent cells were layered onto a discontinuous cold
Percoll density gradient (densities, 1.089 and 1.040 g/ml) and centrifuged at 25 �

g for 20 min without a brake. The cell layer at the interface of the two gradients
was collected and washed four times with a balanced salt solution to remove the
Percoll. The cell suspension was incubated with magnetic beads coated with
anti-CD14 antibodies at room temperature for 20 min under constant mixing.
After removal of the beads with a magnet (MACS CD14 MicroBeads), cell
viability was assessed by trypan blue exclusion and flow cytometry determined
that the pneumocyte population was 93% pure (data not shown). The purified
type II pneumocyte suspension was resuspended in small-airway growth medium
(SAGM) supplemented with 1% fetal bovine serum, 100 U/ml penicillin, and 100
�g/ml streptomycin and plated at a density of 3 � 105 cells/cm2. The cells were
maintained in a humidified atmosphere (5% CO2, 37°C) under liquid-covered
conditions, and the growth medium was changed daily starting at 60 h after cell
plating. When the cell layer approached 75% confluence, the type I-like pneu-
mocytes were subcultured with Hanks’ buffered saline solution-trypsin-EDTA
and trypsin-neutralizing solution. Caveolin I was used to confirm pneumocyte
differentiation.

Ex vivo lung tissues. Nonmalignant lung tissue was obtained from lobectomy
or pneumonectomy specimens from patients who underwent surgical lung tissue
resection. The patients gave informed consent, and the study was approved by
The Hong Kong University and Hospital Authority (Hong Kong West) Institu-
tional Review Board. The tissue fragments were from macroscopically normal
lung tissue as assessed at the time of surgical resection, and tissues were not
sampled from areas of fibrosis, consolidation, or induration. Histological exam-
ination was performed in all cases after infection, and if there was any evidence
of intrinsic lung disease, such as dysplasia, previous tuberculosis, or fibrosis, the
tissues were not included in the analysis. The tissues measured approximately 4
mm3 and were placed into culture medium in 24-well tissue culture plates (F-12K
nutrient mixture with L-glutamine and antibiotics) for subsequent desialylation
or viral infection experiments.

Sia detection in ex vivo tissues and type I-like pneumocytes. Detection of
surface Sia on ex vivo tissue sections was carried out by lectin cytochemistry
before and after DAS181 treatment. Tissue fragments were exposed to both 100
U/ml and 500 U/ml of DAS181 for 2 h, followed by washing and then culturing
for up to 48 h in F-12K at 37°C to determine the effective length of desialylation,
followed by fixation in 10% neutral buffered formalin and subsequent neo-
fuchsin staining with the Roche DIG Glycan Detection Kit in accordance with
the manufacturer’s instructions. Lectins recognizing different penultimate struc-
tures, as well as the Sia linkages (�2-6 or �2-3 to either Gal�1-4GlcNAc or

FIG. 1. Lectin binding to lung tissues with and without DAS181 treatment. Lectin binding of SNA (A, D, and G), MAA (B, E, and H), and
PNA (C, F, and I) on normal lung tissue with no incubation with DAS181 (A to C), after 2 h of incubation with 500 U/ml DAS181 (D to F), and
after 2 h of incubation with 500 U/ml, followed by removal of DAS181 and then incubation in medium for 48 h (G to I). Neo-fuchsin staining with
hematoxylin counterstaining was used. Magnification, �200.
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Gal�1-3GalNAc), were used: Peanut agglutinin (PNA) (which binds to Gal�1-
3GalNAc), Maackia amurensis agglutinin (MAA) (which binds to a number of
glycans, including �2-3-linked Sia), and Sambucus nigra agglutinin (SNA) (which
binds to �2-6-linked Sia). For detection of Sia on a pneumocyte culture, additional
lectin binding studies were also performed with biotinylated M. amurensis lectins
MAL-I and MAL-II from Vector Laboratories, which identify Sia �2-3Gal linkages
and horseradish peroxidase-conjugated SNA from EY Laboratories (7).

DAS181 concentration. We initially used DAS181 from NexBio at a concentra-
tion of 500 U/ml for desialylation and lectin binding experiments (1 unit of DAS181
� approximately 1.427 �g). This concentration was based on previous results of
bronchial desialylation (6). In later experiments determining the prophylactic effect
of DAS181, we used two concentrations of DAS181, 500 U/ml and 100 U/ml, as the
latter was the lowest concentration that would result in desialylation as determined
by lectin binding experiments with human airway epithelium.

MS analysis of lung tissues. Mass spectrometry (MS) analysis was also per-
formed to detect sialylated N-glycans in ex vivo lung tissues before and after
DAS181 treatment. Normal lung tissues were incubated with DAS181 at 500
U/ml for 2 h at 37°C. Half of the tissue was frozen for MS analysis (the other half
was fixed for lectin binding analysis as described above) as previously described
(9). Briefly, lung tissues (treated with DAS181 or left untreated) were homoge-
nized and subsequently sonicated in 1 ml cold water prior to the separation of
glycoproteins (GPs) from glycolipids by chloroform-methanol extraction. The
GP-containing pellet was reduced with dithiothreitol and carboxymethylated
with iodoacetic acid. After lyophilization, the GPs were digested with 2.5 mg
trypsin and purified. The N-glycans were released from the GP and glycopeptides
by peptide:N-glycosidase F digestion and purified. The N-glycans were per-
methylated (methyl iodide-dimethyl sulfoxide-NaOH procedure) and purified by
C18 Sep-Pak chromatography. The samples were analyzed by matrix-assisted
laser desorption ionization–time of flight (MALDI-TOF) MS to obtain molec-
ular ion profiles of the glycans, and selected ions were further characterized by

tandem MS (MS/MS) analysis. MALDI-TOF MS and MALDI-TOF/TOF
MS/MS analyses were performed with a 4800 MALDI TOF/TOF analyzer (Ap-
plied Biosystems, Foster City, CA). MS experiments were acquired with the
reflectron settings in the positive mode. MS/MS data were obtained in the 1-kV
mode with nitrogen as the collision gas (collision-induced dissociation cell gas
pressure, 3.5 � 10�6 torr) (9).

Detection of virus-infected pneumocytes and cells in lung tissues by immu-
nohistochemistry. The pneumocyte cultures in a 24-well tissue culture plate were
exposed to DAS181 for 2 h at 500 U/ml, followed by washing and H5N1 infection
(1 � 106 50% tissue culture infective doses [TCID50]/ml). The influenza virus-
infected pneumocytes were detected at 18 h postinfection with a mouse anti-
influenza virus nucleoprotein (NP) antibody (HB65; EVL Laboratories, The
Netherlands) as described previously (8). Ex vivo lung tissues were infected with
1 � 106 TCID50/ml of A/Vietnam/3046/04 (H5N1). We used three protocols, a
single 2-h incubation with 500 U/ml DAS181, followed by infection for 30 min
and then replenishment with fresh medium; a 2-h incubation with 500 U/ml of
DAS181, followed by continuous exposure to DAS181 after the 30-min infection;
and control tissues where there was infection but no DAS181 exposure. After 24
and 48 h of infection, the tissues were fixed and the number of influenza virus
NP-positive cells was determined by counting red-to-brown nuclei over the total
tissue section and then dividing this by the total number of high-power fields in
the section (Nikon Eclipse 80i 40� objective).

Determination of viral replication by quantitative reverse transcription (RT)-
PCR in ex vivo lung tissues after DAS181 treatment. To determine the inhibition
of H5N1 replication in lung tissues, two different DAS181 treatment protocols
were used to evaluate anti-H5N1 activity: (i) 2-h preincubation with DAS181 at
100 or 500 U/ml, followed by phosphate-buffered saline washing and then influ-
enza virus infection, and (ii) 2-h preincubation with DAS181 at 100 U/ml,
followed by influenza virus infection and then continued postexposure incubation
with DAS181 at 100 U/ml. These postinfection incubations either had replen-

FIG. 2. Sia expression on type I-like pneumocytes in vitro. Primary human type I-like pneumocytes were incubated with control SAGM (left panels)
or 500 U/ml of DAS181 (right panels) for 2 h at 37°C and fixed. Sia in �2-3 linkages was stained reddish brown by biotinylated MAL-I (A and B) and
MAL-II (C and D) lectins, while Sia in �2-6 linkages was stained red by horseradish peroxidase-conjugated SNA (E and F). Magnification, �400.
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ishment of DAS181 with washing at 12-h intervals with fixing of the lung tissue
samples at 72 h or continuous exposure to DAS181. H5N1 virus at 1 � 106

TCID50/ml (a titer similar to that used previously by us and other investigators
[8, 11]) was used in this study.

Though two methods to detect viral replication can be used (TCID50 and
influenza virus matrix [M] gene production measurements), we chose to use M
gene analysis, as in the ex vivo lung model, this correlated more with influenza
virus protein production than TCID50, the reason being that TCID50 is prefer-
able when a cell monolayer is used but is less accurate when dealing with a more
three-dimensional compartmentalized tissue, which lung tissue represents. Viral
replication was determined by quantifying viral M gene RNA by quantitative
RT-PCR. Briefly, DNase-treated mRNA was extracted from infected cells or
lung fragments with an RNeasy Mini kit (Qiagen, Hilden, Germany). Lung
fragments were homogenized with a Tissueruptor (Qiagen, Hilden, Germany).
The cDNA was synthesized from mRNA with oligo(dT) primers and Superscript
III reverse transcriptase (Invitrogen), and the viral M gene copy number was
quantified by real-time quantitative PCR analysis with a LightCycler (Roche,
Mannheim, Germany) by using previously published protocols (3). The viral M
gene RNA was quantified and normalized to the housekeeping gene product
�-actin mRNA.

RESULTS

Desialylation of human lung tissue and primary pneumo-
cytes with DAS181. In keeping with previous observations (8),
untreated human lung tissue sections bound both SNA and

MAA, which are lectins that specifically recognize �2-6-linked
or �2-3-linked Sia, respectively (Fig. 1A and B). Following
incubation with DAS181 for 2 h, binding by both SNA and
MAA was greatly diminished, demonstrating effective desialy-
lation by DAS181 treatment (Fig. 1D and E). Consistently,
DAS181 treatment led to increased exposure of the subtermi-
nal glycan structures (such as Gal and Gal�1-3GalNAc) and
thus increased binding with PNA, which binds to Gal�1-
3GalNAc, compared to the untreated tissue (Fig. 1C and F).
These results confirmed that DAS181 effectively removes ter-
minal Sia of both �2-6-linked and �2-3-linked types (Sia �2-
3Gal and Sia�2-6Gal) from the human lung tissue surface and
thereby exposes the subterminal glycan sequences (Gal and
Gal�1-3GalNAc). This desialylation effect was present up to
48 h after the 2-h DAS181 incubation (Fig. 1G, H, and I).

To confirm the desialylation of human pneumocytes by
DAS181, we isolated type I-like pneumocytes from human
lung tissues and established a primary culture as shown in Fig.
2. Cultures of type I-like pneumocytes were treated with
DAS181 and stained with the lectins MAL-II (binds to Sia�2-
3Gal�1,3GalNAc), MAL-I (binds to Sia�2-3Gal�1,4GlcNAc),
and SNA (Fig. 2). The result showed that DAS181 indeed

FIG. 3. MALDI-TOF mass spectra of permethylated N-glycans from human ex vivo lung biopsy material. Results obtained without DAS181
treatment (A) and after 2 h of DAS181 (500 U/ml) treatment (B) are shown. The red peaks represent the abundance of a specific sialylated glycan
present in the lung tissue, and the green peaks represent the desialylated glycans. All molecular ions are [M�Na]�. Structural assignments are
based on monosaccharide composition, MALDI-TOF/TOF MS/MS analysis, and knowledge of biosynthetic pathways.
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completely removed the Sia on type I-like pneumocytes (Fig.
2B, D, and F), thus establishing the pneumocyte model as a
good comparison with the ex vivo system.

By MS analysis, we also compared the glycan patterns in hu-
man lung tissue sections with or without DAS181 treatment.
There was extensive desialylation of Sia compared with that in
control untreated tissue. (Fig. 3). For example, for glycans in the
m/z range of 2,000 to 3,100, peaks at m/z 2,431 and 2,605
(NeuAc1Hex5HexNAc4Fuc0-1), which are consistent with mono-
sialylated biantennary complex structures with and without core
fucosylation; peaks at m/z 2,792 and 2,966 (NeuAc2Hex5

HexNAc4Fuc0-1), which are consistent with desialylated bianten-
nary complex structures with and without core fucosylation; and
the peak at m/z 3,054 (NeuAc1Hex6HexNAc5Fuc1), which is con-
sistent with monosialylated triantennary complex structures with
core fucosylation, all decreased in abundance after DAS181 treat-
ment. Coherent with these observations, the glycans at m/z 2,070
and 2,244 (Hex5HexNAc4Fuc0-1) and m/z 2,693 (Hex6HexNAc5

Fuc1), which would be produced by desialylating the above gly-
cans, increased in abundance after DAS181 treatment. In other
words, in the untreated sample, the sialylated biantennary glycan
with a mass of 2,605 was the most abundant glycan present (in-
tensity, 100%) but after DAS181 treatment, this peak was re-
duced to less than 2% and the desialylated glycan with a mass of
2,244 now occupied the highest intensity (100%). Furthermore, in
untreated normal lung tissue, there were abundant Gal-GlcNAc
moieties present which are recognized by pneumococci, similar to
those seen in the tracheal and bronchial models (6).

Inhibition of H5N1 infection of human primary pneumo-
cytes and human lung tissue by DAS181. Primary cultures of
human type I-like pneumocytes were incubated with DAS181
for 2 h, followed by infection with A/HK/54/98 (H1N1) or

A/VN/3046/04 (H5N1), removal of the virus, and then incuba-
tion for 18 h before fixing and staining for influenza virus NP
antigen. As shown in Fig. 4, DAS181 treatment completely
protected pneumocytes from infection and cytotoxic effects
caused by both influenza virus subtypes (Fig. 4B and D). To
mimic this H5N1 virus infection in vivo, we incubated ex vivo
cultures of human lung tissue with DAS181 for 2 h, followed by
inoculation with A/VN/3046/04 (H5N1) and then fresh me-
dium, or continued with DAS181 for 24 h after infection. The
lung tissue fragments were then fixed, sectioned, and examined
for evidence of viral replication as determined by positive nu-
clear staining for influenza virus NP. The results showed that
continuous DAS181 treatment completely blocked H5N1 virus
infection of the lung tissue (Fig. 5) (P � 0.0119, Student one-
tailed t test). A shorter, 2-h treatment with DAS181 also re-
duced the level of H5N1 infection, although this was not sta-
tistically significant.

With the ex vivo model of human lung tissue, we further
quantitatively evaluated the anti-H5N1 effects of various
DAS181 treatment regimens by measuring the viral M gene
RNA level by RT-PCR. Similar to the previous experiment, at
24 h postinfection, continuous treatment with DAS181 signif-
icantly inhibited H5N1 infection (P 	 0.05) whereas a single
2-h treatment was less effective (Fig. 6A). However, judged by
the viral M gene level at 48 h postinfection, multiple 2-h treat-
ments with DAS181 at 12-h intervals were very effective and
eliminated H5N1 infection (P 	 0.0001) (Fig. 6B) and there
was a good correlation of this M gene reduction with TCID50

measurements (data not shown). In fact, H5N1 infection was
extensively inhibited with only two doses of DAS181 given 12 h
apart (Fig. 6B), and additionally, the two-dose regimen was
just as effective as continuous exposure to DAS181.

FIG. 4. Effective inhibition of influenza virus infection of primary human pneumocytes by DAS181. Cultures were incubated with medium
(vehicle) (A and C) or 500 U/ml DAS181 (B and D) for 2 h, followed by infection with influenza virus A/HK/54/98 (H1N1) (A and B) or
A/VN/3046/04 (H5N1) (C and D). After being washed, the cultures were incubated for 18 h at 37°C before fixation and staining with an antibody
against influenza virus antigen. Brown staining represents sites of antibody binding.
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DISCUSSION

We have presented the first evidence of inhibition of the
highly pathogenic avian influenza virus H5N1 subtype in both
primary type I-like pneumocyte cultures and ex vivo lung frag-
ment cultures by a novel influenza virus receptor inactivator,
DAS181. The results of lectin binding, as well as MS, analyses
have demonstrated that DAS181 effectively desialylates the
surface of the human lower respiratory tract and that, inter-
estingly, two doses of DAS181 given 12 h apart were sufficient
to significantly reduce H5N1 infection in an ex vivo lung tissue
culture. These findings support the potential value of DAS181
as a prophylactic and therapeutic agent against H5N1 infection
of the human lower respiratory tract. Alveolar epithelial cells
and macrophages have been identified as major targets of
highly pathogenic avian influenza virus subtype H5N1 in au-
topsy tissues and in experimental ex vivo cultures (8, 17). In
corroboration of these studies, we have also observed strong
efficacy of DAS181 against both seasonal influenza virus strains
in a well-differentiated human airway epithelium system which
mimics human airway epithelial tissue in the upper respiratory
tract (4). Together, these reports indicate that DAS181 may
potentially protect the human respiratory tract from infection
with the H5N1 virus.

It is well established that seasonal influenza virus strains
bind �2-6-linked Sia as a receptor while avian influenza virus
strains recognize �2-3-linked Sia as a receptor (10). Recently,
detailed analysis of influenza virus receptor specificity with
glycan arrays has revealed that avian influenza virus H5 strains
have a high affinity for �2-3-linked Sia with various subterminal
glycan structures, including Galß1-3GalNAc and Galß1-
4GlcNAc. Some viruses especially prefer subterminal struc-
tures which are sulfated at the 6 position of Gal or GlcNAc or
fucosylated at the 3 position of GlcNAc (13). To assess if these
types of H5N1 receptors can be equally inactivated by
DAS181, we stained DAS181-treated human pneumocytes

with both MAL-II, which binds mainly to O-linked Sia�2-
3Galß1-3GalNAc, and MAL-I, which preferentially binds N-
linked Sia�2-3Galß1-4GlcNAc (7). We also stained the cells
with SNA, a lectin that broadly binds �2-6-linked Sia. Al-
though the substrate specificity of DAS181 has yet to be con-
firmed in detail compared with its original characterization
(15), our results of DAS181 desialylation and the anti-H5N1
effect in human lung tissue indicate that DAS181 broadly rec-
ognizes both �2-3-linked Sia with different subterminal glycans
and �2-6-linked Sia as substrates.

We therefore see DAS181 as representing an additional
approach to the regimen of antivirals, with the added benefit
that the epithelial anchoring domain limits systemic absorption
and thus reduces the potential of systemic toxicity. Thus,
DAS181 may offer broad-spectrum protection against all influ-
enza viruses, including seasonal and avian influenza virus
strains. On the basis of lectin binding experiments, the desia-
lylation effect may persist for up to 48 h. In this respect, phase
1a studies have been completed and these demonstrate that

FIG. 5. Immunohistochemical analysis of lung tissue for influenza
virus NP. The number of positive cells detected in infected lung biopsy
samples after a single 2-h incubation with 500 U/ml DAS181 before
A/VN/3046/04 (H5N1) infection (open circles) and with continuous
exposure to DAS181 (closed circles) compared to that in the control
treatment (closed squares). Error bars represent standard deviations
of three experiments, and an asterisk indicates a P value of 	0.05 with
the Student one-tailed t test. hpf is high-power fields.

FIG. 6. Influenza virus M gene analysis of normal human lung
tissue with and without DAS181 treatment. Lung tissue was infected
with A/VN/3046/04 (H5N1) and sampled 24 h (A) and 48 h (B) after
treatment with DAS181 (100 U/ml) at different dosage regimens. Error
bars indicate the standard deviations of three experiments. The indi-
cated P values were calculated with the post-hoc Bonferroni test. M
gene/105 ß-actin represents the number of influenza virus M gene
copies/105 copies of the gene for ß-actin.
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the study drug was tolerated at all dose levels, indicating that
desialylation was not associated with serious adverse effects
during the study period. In particular, there was no evidence of
secondary bacterial infection. Further in vitro toxicity studies
have not shown any adverse effects on cellular metabolism.
Since A. viscosus is a natural commensal of the oral cavity,
adverse immunogenicity is unlikely, though this is being exam-
ined in clinical studies.
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