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Abstract

Avian influenza virus HON2 isolates cause a mild influenza-like illness in humans. However, the pathogenesis of the
HIN2 subtypes in human remains to be investigated. Using a human alveolar epithelial cell line A549 as host, we found
that A/Quail/Hong Kong/G1/97 (HON2/G1), which shares 6 viral "internal genes" with the lethal A/Hong Kong/156/97
(H5N1/97) virus, replicates efficiently whereas other HON2 viruses, A/Duck/Hong Kong/Y280/97 (HON2/Y280) and A/
Chicken/Hong Kong/G9/97 (HIN2/G9), replicate poorly. Interestingly, we found that there is a difference in the
translation of viral protein but not in the infectivity or transcription of viral genes of these HON2 viruses in the infected
cells. This difference may possibly be explained by HIN2/G1 being more efficient on viral protein production in specific
cell types. These findings suggest that the HON2/G1 virus like its counterpart H5N1/97 may be better adapted to the
human host and replicates efficiently in human alveolar epithelial cells.

Findings

Genetic characterization and phylogenetic analysis
revealed that there are multiple lineages of HON2 viruses
isolated from various types of poultry including chickens,
ducks, quail and pigeons. The HON2 virus lineages found
to be the most prevalent in poultry in southern China
include the H9N2/Gl-like lineage represented by A/
Quail/Hong Kong/G1/97 (H9N2/G1) and the HI9N2/
Y280-like lineage represented by A/Duck/Hong Kong/
Y280/97 (H9N2/Y280) and A/Chicken/Hong Kong/G9/
97 (H9N2/G9) since 1997 [1]. These HON2 lineages con-
tinued to disseminate in domestic poultry with the devel-
opment of multiple reassortant subtypes from East Asia
to the Middle East [2]. Additionally, avian-to-mammalian
transmissions of HIN2 viruses were reported in South-
eastern China [3].

HON2 viruses have repeatedly infected humans albeit
causing a mild disease [3-5]. The low pathogenic HON2
virus is widespread in poultry across Asia and Europe
with ample opportunities for interaction with humans. It
has caused infection in pigs (a putative mixing vessel for
pandemic emergence) and causes severe disease in exper-
imentally infected mice without prior adaptation [6]. The
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virus has an affinity for binding sialic acid receptors
found on the human upper respiratory tract [7]. As past
pandemics were not caused by highly pathogenic avian
influenza viruses, the endemic of HON2 viruses in poultry
as well as their tropism for humans are at least as likely to
cause the potential pandemic as the H5N1 virus, which is
still the focus of attention [8]. Additionally, the HON2/G1
viruses share six viral genes (viz. PB2, PB1, PA, NP, M and
NS) with the lethal H5N1 viruses causing human disease
in 1997 [1]. Furthermore, an HIN2 avian-human reas-
sortant virus has been shown to have enhanced replica-
tion and efficient transmission in ferrets [9]. Thus HIN2
virus group is regarded by the World Health Organiza-
tion as a potential pandemic candidate. Therefore we
examined the replication characteristics of HON2 virus
lineages in the human lung epithelial cell line (A549) so
that we may obtain an insight into the pathogenesis of
HON?2 viruses in humans.

To examine the replication efficiency of the HON2 virus
in human cells, A549 cells were infected with HON2/G1,
HO9N2/Y280 or HON2/G9 at a multiplicity of infection
(m.o.i.) of 0.01 [10-12]. The culture supernatants were
collected at 6 h, 24 h and 48 h post-infection and the viral
titres were determined by tissue culture infectious dose
(TCIDg4y) assays using Madin-Darby canine kidney
(MDCK) cells. Their replication efficiencies were com-
pared with the human influenza A/Hong Kong/54/98

- © 2010 Lee et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons At-
( BloMed Centra| tribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20334690
http://www.biomedcentral.com/

Lee et al. Virology Journal 2010, 7:71
http://www.virologyj.com/content/7/1/71

(A) A549 (B) LMH
8
e o6h pi 7
€7 m24h pi Eg
6 -
%5 ©48h pi s
3 =}
o4 S 4
23 c3
2, 2
g, =
0 ‘LII\‘ 0

& O & 2
& &
SHNEAES

(C) Growth in embryonated chicken eggs D) ":DCK ehpi
W 24h pi
7
Virus HA titration test = s o 48h pi
s
35
Mock 0 & :
HIN1 1024 S
HIN2/G1 1024 g2
1
HON2/Y280 1024 o
HO/N2/G9 1024 & «\\‘9

N XN )
§q>® g?qs& \fﬁ&
Figure 1 Replication of HON2 subtypes in different cell types and
chicken embryonated eggs. (A) A549, (B) LMH and (D) MDCK cells
were infected by HIN1, HON2/G1, HON2/Y280 or HON2/G9 at an m.o.i.
of 0.01, and (C) chicken eggs were infected with the viruses at TCIDs,
of 2 x 106. Viral titres of the infected cells were measured at 6 h, 24 h
and 48 h post-infection (pi). Each point represents the mean of viral ti-
ters for three independent experiments and the titres were statistically
analyzed by the two tailed, paired t-test; *:p < 0.05; Mock, uninfected
cells.

virus (HIN1). As shown in Fig. 1A, the TCIDg, titre of
HON2/G1 viruses at 24 h and 48 h post-infection were
1036 and 10%5 per 0.1 ml, respectively. Similar viral titres
were observed in HIN1-infected cells at the correspond-
ing time points. In contrast, both HON2/Y280 and HON2/
G9 viruses exhibited poor replication competence in
A549 cells (Fig 1A). Thus our results showed that HON2/
G1 viruses replicated as efficiently as HIN1 in the human
lung epithelial A549 cells.

Next we examine the host-specific effects on the repli-
cation of HIN2 viruses, the leghorn male hepatoma
chicken liver (LMH) cells were infected by HIN2 sub-
types or HIN1 virus. We also infected embryonated
chicken eggs with these viruses and their viral titres were
determined by a hemagglutination assay. As shown in Fig.
1B and 1C, the three HON2 viruses and H1N1 virus repli-
cated to similar levels in LMH cells and embryonated
chicken eggs. Furthermore, we found that all of the influ-
enza viruses replicated well in MDCK cells (Fig. 1D).
Hence, our results showed that all HON2 subtypes tested
replicated efficiently in MDCK, LMH cells and embryo-
nated chicken eggs.

To delineate the mechanisms underlying the differences
in replication of HIN2 subtypes, we investigated the
infectivity, transcription and translation of different
viruses in A549 cells. A549 cells were first infected by
HON2/G1, HON2/Y280, HON2/G9 or HIN1 at an m.o.i.
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of 2 and the expression of viral nucleoprotein (NP) and
matrix protein (M1) in the infected cells was examined by
using immunofluorescent staining and Western analysis,
respectively. Positive staining of the NP protein was
found in both HON2-infected and H1N1-infected A549
cells at 24 h post-infection (Fig. 2A). Interestingly, strong
M1 protein expression was observed in cells infected with
HON2/G1 at 8 h and 24 h post-infection by using anti-
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Figure 2 Expression of viral nucleoprotein and matrix protein in
A549 cells. A549 cells were infected with HINT, HON2/G1, HON2/Y280
or HON2/G9 at an m.o.i. of 2 and cultured with DMEM without adding
N-Tosyl-L-phenylalaninechloromethyl ketone-treated trypsin. (A) The
infected cells were stained with FITC-conjugated monoclonal anti-
body specific for influenza nucleoproteins at 24 h post-infection (pi)
and were visualized by fluorescence microscopy. Mock-treated cells (at
the lower right corner) were counter-stained with DAPI. (B) A549 cells
were infected with HON2/G1, HON2/Y280 or HON2/G9 at an m.o.i. of 2
or mock treated. Total proteins were harvested at 8 h or 24 h post-in-
fection (pi) and M1 proteins of influenza A were examined by Western
analysis. (C) A549 cells were infected with influenza HIN1 or HON2/G1
viruses at an m.o.i. of 2 or mock treated. Total proteins were harvested
at 8 h or 24 h pi and M1 proteins of influenza A were examined by
Western analysis. Equal loading of protein samples was determined
with anti-actin antibodies. The densities of the protein bands were de-
termined by using Bio-Rad Quantity One imaging software. The values
in the parenthesis are relative M1 protein intensities compared with
those of the corresponding actin. Mock, uninfected cells; M1, matrix
protein; UT, untreated; DAPI, 4'-6-Diamidino-2-phenylindole.
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body against M1 protein of influenza type A viruses but
not those infected with HON2/Y280 or HIN2/G9 virus
(Fig 2B). To exclude the possibility of the specificity of the
antibody, we compared the expression of M1 protein in
A549 cells infected with HIN1 or HO9N2/G1 virus.
Results similar to the viral titres, there were no significant
differences of M1 protein expression in these two viruses
(Fig. 2C). Next, we measured the mRNA level of M1 pro-
tein and acid polymerase protein (PA) in virus-infected
A549 cells at 3 h, 6 h and 24 h post-infection by using
quantitative RT-PCR assay [11]. The coding regions of
the respective viral genes in HON2 and HIN1 viruses
were amplified by the conserved gene-specific PCR prim-
ers. Both M1 and PA mRNA were detected at 3 h post-
infection and their levels increased at 24 h post-infection
in HON2- or HIN1-infected cells (Fig. 3A, B). We found
that there was no significant difference in the level of the
viral mRNA in the cells infected by either virus subtypes.
Taken together, our results showed that the virus entry of
the examined H9N2 subtypes seems comparable but
there is a difference in M1 protein expression in human
lung epithelial A549 cells. However, the discrepancy of
the mRNA synthesis and protein expression in A549 cells
with HON2/Y280 or HIN2/G9 infection remains to be
investigated.
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Figure 3 Quantitative analysis of the RNA levels of M1 and PA in
A549 cells. (A) A549 cells were infected with HON2/G1, HON2/Y280 or
HIN2/G9 at an m.o.i. of 2 or mock treated. Total RNA samples of the vi-
rus-infected cells were collected at 3 h, 6 h and 24 h post-infection (pi)
and assayed by quantitative RT-PCR. The mRNA levels of (A) M1 and (B)
PA, normalized to 3-actin gene, were compared to the uninfected
samples. Mock, uninfected cells; M1, matrix protein; PA, acid poly-
merase protein.
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Since 1999, the HON2 viruses have been intermittently
isolated from patients manifesting influenza-like symp-
toms [3,4] and these viruses pose a pandemic threat.
However, the pathogenicity of the avian influenza HON2
viruses remains to be investigated. Recent studies have
shown that avian or human influenza viruses including
H5N1, H7N1 and HIN1 can infect cells in the human
lung epithelium [13,14]. In addition, a previous report
showed that avian H5N1 virus can replicate both in the
upper and lower respiratory tract [15]. These findings
imply that avian influenza virus other than H5N1 may
have similar replicating ability in human cells and tissues.

In this report, we found that all three HON2 lineages
tested can infect different cell types including A549 cells,
MDCK and LMH as evident by the detection of HON2
viral protein NP in the infected cells and embryonated
chicken eggs. Interestingly, only HON2/G1 virus could
produce a high titre of virus particles in A549 cells com-
parable to the HIN1 infection. These results suggested
that the disease severity of HON2/Gl-infected patients
may be associated with the replication ability of the virus
in specific cell types. From our results, we showed that
the viral growth efficiency may not be due to the differ-
ence of infectivity of the virus subtypes. Instead, we found
that the translation of M1 protein is impaired in HON2/
Y280 and HIN2/G9. Previous reports have shown that
M1 forms the major structural component of the virion
and plays an important role in virus budding and assem-
bly [16,17]. However, the detailed mechanisms underly-
ing the translational efficiency of HON2/G1 virus and its
differences from that of the less efficient HON2/Y280 and
HI9N2/G9 viruses in A549 cells remain to be investigated.
Enami et al. previously showed that the NS1 can stimu-
late the translation of the M1 protein [18]. As the NS1 of
HO9N2/G1 is highly conserved to the human pathogenic
H5N1 virus which were found during 1997, it is possible
that the NS1 of HON2/G1 may lead to a high translational
efficiency on M1 protein production in human host while
the other HON2 subtypes are unable to do so.

The genetic background of different HON2 subtypes
(Table 1) may contribute to the differences in their
respective replication ability. In regard to the hemaggluti-
nin (HA) gene, both HIN2/Y280 and HIN2/G9 viruses
belong to the same HA sublineage of HON2 viruses, while
HO9N2/G1 and H5N1/97 viruses belong to a different sub-
lineage [19]. Moreover, HON2/G1 and H5N1/97 viruses
possess the similar replication complexes that are patho-
genic in mice [19]. The HON2/G1 viruses share six inter-
nal genes, including PB2 with the H5N1/97 viruses, while
the HON2/G9 lineage viruses share PB1 and PB2 genes.
By contrast, the HIN2/Y280 virus does not have this
share features in its viral genome [1]. It has been shown
by other reports that the PB2 protein in H5N1 viruses
contributes to the host adaptation and virus growth in
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Table 1: Segments comparison between different HON2 and H5N1 subtypes
Source of the segments
Virus HA NA NP M NS PA PB1 PB2
A/Quail/HongKong/G1/ G1 G1 G1 G1 G1 G1 G1 G1
97 (HON2/G1)
A/Duck/HongKong/ Y280 Y280 Y280 Y280 Y280 Y280 Y280 Y280
Y280/97 (HON2/Y280)
A/Chicken/HongKong/ Y280 Y280 Y280 Y280 Y280 Y280 G1 G1
G9/97 (HIN2/G9)
A/HongKong/156/97 H5* He* G1 G1 G1 G1 G1 G1
(H5N1/97)
HongKong/1073/99 G1 G1 G1 G1 G1 G1 G1 G1
(Human isolate HON2/99)
HongKong/2108/03 Y280 Go#* Y280 G1 Y280 H5** G1 G1

(Human isolate HON2/03)

NB. *A/Goose/Guangdong/1/96, **H5N1/01-like, *A/Teal/HongKong/W312/97,

#A/Chicken/HongKong/G9/97

humans [20,21]. Furthermore, it has been demonstrated
that H5N1/97 viruses replicate efficiently in primary alve-
olar epithelial cells and the viral titre of the infected cells
is comparable to that of the human influenza HIN1
viruses [22]. However, it is notable that the internal gene
complements of the current Z genotype H5N1 viruses are
different to those of H5N1/97 and HIN2/G1 [23]. Thus,
the adaptation of H5N1 to grow in human cells reflects its
potential ability to cross the species restriction resulting
in its occasional transmission from the avian hosts to
human.

Since both of the HON2 human isolates from 1999 and
2003 caused mild respiratory symptoms in infected
patients, we postulate that there may be some common
factors that lead to effective infection among those
viruses. The HA, NA, NP genes of HIN2 viruses that
have infected humans belonged to either HIN2/G1 or
HON?2 Y280-like sub-lineages. Interestingly however, irre-
spective of the derivation of the HA and NA genes, the
PB2, PB1 and M genes of these human isolates all belong
to the HIN2/G1 sublineage. The PA genes of these
viruses belong to either the HON2/G1 or the contempo-
rary Z genotype H5N1 viruses [4]. It is notable that the
polymerase gene complex and the M gene of the viruses
arise either from the HON2/G1 - H5N1/97 sublineage or
from the recent H5N1-Z genotype lineage associated
with recent human H5N1 disease but not from the
HO9N2/Y280-sublineage. Since HOIN2/G9 viruses which
share the HON2/G1-like PB1 and PB2 genes also fail to
replicate in the human alveolar epithelial A549 cells, it
would possibly implicate the need for all three poly-

merase gene segments and/or the M gene segment for
efficient replication in human cells.

Infection of patients with avian influenza virus sub-
types including H4N8, H6N1, and H10N7 is inefficient
and this may be due to the inefficient virus replication
competence in human cells [24]. Here, we demonstrated
the differential replication of HON2 virus subtypes in
human lung epithelial cells. It provides a cellular model to
investigate the mechanisms of replication of avian influ-
enza viruses in humans, as well as the interaction of viral
proteins with host factors, which may contribute to the
pathogenesis of avian influenza virus.
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