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Objective  To perform gene expression profiles comparison so that to identify and understand the potential differences in 

pathogenesis between the pandemic and seasonal A (H1N1) influenza viruses.  Methods  A549 cells were infected with 
A/California/07/09 (H1N1) and A/GuangdongBaoan/51/08 (H1N1) respectively at the same MOI of 2 and collected at 2, 4, 8, 

and 24 h post infection (p.i.). Gene expression profiles of A549 cells were obtained using the 22 K Human Genome Oligo Array, 

and differentially expressed genes were analyzed at selected time points.  Results  Microarrays results indicated that both of 
the viruses suppressed host immune response related pathways including cytokine production while pandemic H1N1 virus 

displayed weaker suppression of host immune response than seasonal H1N1 virus. Observation on similar anti-apoptotic events 
such as activation of apoptosis inhibitor and down-regulation of key genes of apoptosis pathways in both infections showed that 

activities of promoting apoptosis were different in later stage of infection.  Conclusion  The immuno-suppression and 

anti-apoptosis events of pandemic H1N1 virus were similar to those seen by seasonal H1N1 virus. The pandemic H1N1 virus 
had an ability to inhibit biological pathways associated with cytokine responses, NK activation and macrophage recognition . 
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INTRODUCTION 

The 2009 pandemic influenza A (H1N1) virus 

emerged in humans in North America is genetically 

and antigenically distinct from other influenza viruses 

circulating in human populations
[1]

. Due to the lack 

of pre-existing immunity in the majority of the 

population，the new virus spread at an unprecedented 

speed. With the pandemic ongoing, it has been 

gradually realized that it is not as virulent as the 

Spanish Flu virus or the H5N1 highly pathogenic 

avian influenza virus (HPAIV), and the symptom is 

usually mild and similar with that caused by seasonal 

influenza viruses
[2-3]

. Interestingly, unlike seasonal 

H1N1 influenza viruses, the 2009 pandemic H1N1 

influenza virus caused higher mortality and morbidity 

in the young adults
[4-5]

 suggesting that there may be 

some pathogenetic differences between these two 

H1N1 influenza viruses. For the purpose of further 

understanding the pathogenesis of the 2009 pandemic 

H1N1 virus, its influence on gene expression of A549 

cells using a seasonal H1N1 influenza virus as 

control was studied and  a global view of the gene 

expression profiles of A549 cells infected with 

seasonal H1N1 influenza virus and 2009 pandemic 

(H1N1) influenza virus was provided. 

MATERIALS AND METHODS 

Viruses 

A/California/07/09(H1N1) (CA/07), the repress 
entative strain of the 2009 pandemic (H1N1) 
influenza virus, was kindly provided by Centers for 
Disease Control and Prevention, USA; seasonal 
influenza virus A/GuangdongBaoan/51/08 (H1N1) 
(Baoan/51), which is antigenically similar to the 
seasonal H1N1 influenza vaccine strain 
A/Brisbane/59/2007 (H1N1) was isolated from 
Guangdong Provincial CDC and stored in the 
National Influenza Center. Viruses were propagated 
in MDCK cells followed the standard procedure, and 

stored in 80 ℃ freezer. 
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Cells 

A549 cell line (ATCC, no: CCL-185
TM

), a 

carcinomatous human alveolar basal epithelial cell 

line, was selected to represent human respiratory 

epithelial cells. Cells were cultured in Dulbecco’s 

Modified Eagle Medium (D-MEM) culture medium 

containing 10% FBS, 100 U/mL Penicillin, 

100µg/mL Streptomycin, and 25 mmol/L HEPES 

buffer solution as final concentration. FBS had been 

inactivated at 56 ℃ for 30 min prior to its addition to 

D-MEM. Cells were cultured in 37 ℃ incubator set at 

5％ CO2.  

Virus Infection 

Cells were prepared in 6-well plates and 

inoculated with 2 multiplicity of infection (MOI) of 

A/GuangdongBaoan/51/2008 (H1N1) virus or 

A/California/07/2009 (H1N1) virus respectively. 

The inoculums were removed after 1 hour of virus 

adsorption by washing the monolayer three times 

with PBS. The monolayer cells were maintained 

in virus isolation medium (100 U/mL Penicillin, 

100 µg/mL Streptomycin, 25 mmol/L HEPES buffer 

solution, 2 µg/mL TPCK-trypsin and 0.2% BSA as 

final concentration) and were incubated at 35 ℃. 

Array Hybridization and Data Analysis 

Virus-infected cells and uninfected control cells 

(mock) were collected at 2, 4, 8, and 24 h p.i. and 

were lysed with TRIzol Reagent. Total RNAs were 

extracted, quantified and analyzed for integrity. The 

array experiments were accomplished by CapitalBio 

Corporation. RNA samples were reverse-transcribed 

to synthesize cDNA. As cDNAs were labeled with 

fluorescent dyes Cy3 and Cy5, the concentration, 

fluorescent intensity and labeling efficiency of the 

labeled cDNA sample were determined, and 

test-reference sample normalization was conducted 

before applying onto arrays. 22 K Human Genome 

Oligo Arrays were hybridized according to 

CapitalBio ś submicro protocols. Array experiments 

included three biological replicates. 

Gene expression was observed and preliminarily 

analyzed. Clusetr3.0 software was used for cluster 

analysis; SAM (significance analysis of microarrays) 

was performed in screening differentially expressed 

genes. The gene expression of virus-infected cells 

was first compared with mock, and then differentially 

expressed genes of CA/07 and Baoan/51 infected cells 

were screened. The q-value (%) ≤ 5 and ≥2-fold 

change was used as the standard when screening 

differentially expressed genes. Gene ontology and 

related biological pathway analyses were performed 

on the differentially expressed genes at different time 

points with Molecule Annotation System V4.0 

supported by CapitalBio®, the KEGG database, and 

the OMIM database of PUBMED.  

RESULTS 

Overview of Gene Expression Profiles 

In order to identify host cell responses specific to 

the 2009 pandemic H1N1 influenza virus, A549 cells 

was infected with either CA/07 or Baoan/51 virus and  

the global gene expression profiles of A549 cells 

were compared at 2, 4, 8, and 24 h p.i.. A ±2-fold 

change in gene expression was used as the cut-off 

value to identify genes significantly differentially 

expressed. It was showed that gene expression 

alterations in A549 were induced by both viruses 

after infection with the similar tendency, but the gene 

expression profiles were different during the early 

infection time points. As shown in Fig. 1, compared 

with mock-infected cells, the majority of changes in 

gene expression occurred at 8 h and 24 h p.i. in 

response to both viruses. Marked alteration in gene 

expression could be observed in Baoan/51 infection 

at 2-4 h p.i.(Fig.1 A), more than 800 genes expression 

level significantly changed (at least 2- folds changing 

compared with Mock cells). On the contrary, as 

shown in Fig.1 B, few significant changes were 

observed in gene expression of A549 cells infected 

with CA/07 virus (only 50 genes expression level 

significantly changed) at the early stage of infection. 

By 24 h p.i., both of the infection groups showed 

marked activation and repression of gene expression, 

and the quantity of influenced genes by both viruses 

reached similar level with almost 2 000 genes 

expression significantly changed. 
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FIG. 1. Overview of the gene expression profiles of A549 

cells in response to Baoan/51 and CA/07 influenza 

viral infection. Genes shown in red are up-regulated, 

while genes shown in green are down-regulated in 

virus-infected cells compared to mock-infected 

A549 cells. 

In a preliminary study, we compared gene 

expression profiles of CA/07 or Baoan/51-infected 

cells versus mock-infected cells, and most of the genes 

were significantly down-regulated (fold-change≥2) 

over time after infection. Results of gene ontology 

and pathway analysis revealed that both virus 

infections resulted in regulation of MAPK signaling, 

cell cycle, ubiquitin mediated proteolysis, oxidative 

phosphorylation, fatty acid metabolism, amino acid 

metabolism, ErbB signaling, Wnt signaling, B cell 

receptor signaling, antigen processing, and presentation, 

T cell receptor signaling, Toll-like receptor signaling, 

cell adhesion molecules, p53 signaling, Jak-STAT 

signaling pathway, apoptosis, and other pathways. 

Collectively, these findings demonstrated that infection 

with both viruses resulted in the expression of genes 

associated with virtually the same functions and 

pathways, and only a few differences were observed.  

Analysis of Differentially Expressed Genes 

To further inspect the differences observed in the 

gene expression analysis, the expressed genes in 

response to CA/07 and Baoan/51 infection was 

screened differentially at each time point using SAM 

analysis. To compare the cellular response to 

pandemic and seasonal H1N1 virus infection, gene 

ontology and pathway analyses were performed on 

the genes that displayed more than 2-fold change and 

q-value≤0.05 in CA/07 and Baoan/51 infected A549 

cells.  

The pathway analysis revealed that significantly 

differentially expressed genes included members 

from pathways of metabolism, cell junction, cell 

cycle and cell surface receptor signal transduction, 

and mainly enriched in N-glycan biosynthesis, cyclin, 

adherens junction, tight junction, apoptosis, cell 

adhesion molecules (CAMs), antigen processing, and 

presentation, T cell and B cell receptor signaling, 

Toll-like receptor signaling and other immune and 

inflammation-related pathways (Fig. 2).  

 
FIG. 2. Host immune response-related genes preferentially regulated during CA/07 and Baoan/51 infections. Fold 

change (ratio of Baoan:CA) is displayed with brightness of colors. Genes shown in green indicate that the 
expression level in Baoan/51 infected cells is lower than that in CA/07, while red indicates the expression 
level in Baoan/51 infected cells which is higher than in CA/07. 

javascript:openNewView('pathway.do?action=getpathway&pathwayid=2008')
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Differentially Expressed Genes of Immune-related 

Pathways  

The result from expression microarray analysis 

showed that the most dramatic differences between 

CA/07 and Baoan/51 infection were observed at 8 h 

and 24 h p.i.. In order to compare the prominent 

functional clusters induced differentially by the two 

viruses, gene expression at 8 h and 24 h p.i. were 

analyzed. The expression of these genes in most 

instances had the same trend of expression. A 

significant down-regulation of genes associated with 

immune response pathways was observed in both 

H1N1 viruses infected cells at 8 h and 24 h p.i. 

(Table. 1 and Table. 2), and both H1N1 viruses 

displayed similar immunity suppression in 

down-regulating related genes of Toll-like receptor 

signaling pathway, antigen processing and 

presentation, T/B cell signaling pathway, Jak-STAT 

signaling pathway, cytokine receptors, and cytokine 

interaction etc. However, it seemed that the alteration 

of most immune related genes in CA/07 infection was 

not as remarkable as that of seasonal influenza 

Baoan/51. 

Most of the genes associated with T/B cell 

receptor signaling and Toll-like receptor signaling 

pathway were down-regulated at 8 h and 24 h p.i. in 

both viruses infected cells, as shown in Table.1 and 

Table.2. Expression of FOS, BCL10, TICAM2, and 

MAP2K4 had an obvious down-regulation in response 

to Baoan/51 infection, however, interestingly, CA/07 

induced a slight up-regulation of FOS at 8 h p.i., and 

the expression down to the level as mock-infected cells 

by 24 h p.i.. A marked down-regulation in the 

expression of CALR, PDIA3, HSPA5, and IFI30 

genes which were associated with antigen processing 

and presentation in response to Baoan/51 infection 

was identified, but not so significant in CA/07 

infection. Moreover, activation of NK inhibitory 

receptor gene KIR3DL2 was observed in both viral 

infections, but it was showed that the pandemic 

H1N1 virus had a weaker ability to induce its 

expression. 

In addition, genes that were down-regulated 

unique to CA/07 virus response were observed. As 

shown in Fig. 2, the expression of SHC1 was 

down-regulated significantly in CA/07 infected A549 

cells at 24 h p.i.. Furthermore,  the down-regulation 

of MGAT4B gene of the N-glycan biosynthesis 

pathway at 8 h following CA/07 infection, and by 24 

h p.i.was observed and its expression was 7.59-fold 

lower in the response to pandemic H1N1 virus versus 

seasonal H1N1 virus.  

Differentially Expressed Genes Associated with 

Anti-apoptotic Activities and Pro-apoptotic Effects 

Another cluster of differentially expressed genes 

which were associated with apoptosis was analyzed 

and it was found that both of the viral infections 

displayed obvious anti-apoptotic activities, 

including activation of anti-apoptotic regulators and 

regulation of key genes in various apoptosis 

pathways. Seasonal influenza virus Baoan/51 

displayed a stronger anti-apoptotic effect compared to 

that of CA/07 virus. 

The data on gene expression indicated an 
increased expression of apoptosis inhibitor, such as 

SFRP5, BCL2L1, and RPS6KB1 at time points 

throughout Baoan/51 infection, but in CA/07 infected 

A549, they displayed a slight down-regulation at 8 h 

p.i., and then an up-regulation at 24 h p.i.. 

Anti-apoptotic activities of both viruses were also 

reflected in the inhibition of apoptosis pathway 

related genes. Significant reduction in the expression 

of genes associated with apoptosis pathways was 

observed in Baoan/51 infection, including DDIT3, 

FOS, CRKL, MYC, MAP2K4, SRF, TNFRSF1A, 

MAP4K3 of MAPK pathway; CCND1, CCNB1, 

CCNE1, CDC2, MDM4 of p53 pathway, and 

PORCN of Wnt pathway. However, unlike seasonal 

H1N1 virus, the pandemic H1N1 virus displayed 

weaker inhibition of some of the genes mentioned 

above.  

Pro-apoptotic effects were observed in both 

H1N1 viral infections at later stage of infection. ELK 

gene was significantly down regulated at 24 h p.i. in 

CA/07 infected cells. Simultaneously, inhibition of 

key genes in cell cycle such as CCNE1, CDC2, and 

CCNA2 at 8-24 h p.i. was observed in Baoan/51 

infected cells.  

DISCUSSIONS 

A variety of epidemiological and clinical data 

have indicated that the pandemic H1N1 virus has 

spread all over the world faster than previous 

influenza viruses with its efficient transmission, but 

its symptoms and disease courses are similar to 

seasonal influenza. Studies demonstrate that no major 

cytokine storm, as seen in H5N1 infection, is 

associated with 2009 H1N1 infection of cell lines. 

Recent evidence suggests that an increased release of 

cytokines is not the main features of the body 

response to the 2009 influenza infection and the 2009 

H1N1 viruses exhibited mild to moderate virulence in 

mice
[6]

, which is very different from highly 

javascript:openNewView('pathway.do?action=getpathway&pathwayid=2013')
javascript:openNewView('pathway.do?action=getpathway&pathwayid=2013')
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TABLE 1 

Differentially Expressed Genes Associated with Immune Response and Apoptosis at 8 h p.i. 

Gene and Pathways Gene Expression Fold Change Description 

 Baoan/51-8h CA/07-8h   

Cell cycle     

BUB1B 0.1153 0.3066 0.3760 Mitotic checkpoint serine/threonine-protein kinase BUB1 beta 

ORC6L 0.4411 1.0553 0.4180 Origin recognition complex subunit 6 

BUB1 0.3159 0.7304 0.4324 Mitotic checkpoint serine/threonine-protein kinase BUB1 

MCM5 0.2806 0.5818 0.4823 DNA replication licensing factor MCM5 (CDC46 homolog) 

PCNA 0.1712 0.6670 0.2566 Proliferating cell nuclear antigen (PCNA) (Cyclin) 

CCNA2 0.2564 0.5631 0.4553 Cyclin A2 (Cyclin A) 

p53 signaling pathway     

CCND1 0.2089 0.6767 0.3086 G1/S-specific cyclin D1 (PRAD1 oncogene) (BCL-1 oncogene) 

CCNE1 0.3085 0.7177 0.4299 G1/S-specific cyclin E1 

CCNB1 0.1123 0.4066 0.2761 G2/mitotic-specific cyclin B1 

CDC2 0.2800 0.7493 0.3737 Cell division control protein 2 homolog (EC 2.7.1.37) (p34 protein kinase) 

N-Glycan biosynthesis     

RPN1 0.2950 0.7936 0.3717 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 67 kDa 

subunit precursor 

DDOST 0.3374 1.0202 0.3307 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa 
subunit precursor 

ALG2 0.2223 0.5437 0.4090 Alpha-1,3-mannosyltransferase ALG2 

RPN2 0.3461 0.9249 0.3742 
Dolichyl-diphosphooligosaccharide--protein 

glycosyltransferase 63 kDa subunit precursor 

MGAT2 0.2557 0.5885 0.4344 Alpha-1,6-mannosyl-glycoprotein 2-beta-N-acetylglucosaminyltransferase 

ALG8 0.2531 0.8407 0.3011 
Probable dolichyl pyrophosphate Glc1Man9GlcNAc2 alpha-1,3- 

glucosyltransferase 

MGAT4B 1.6177 0.5784 2.7970 mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyltransferase 

Antigen processing and presentation  

NFYA 0.3464 0.7101 0.4878 CCAAT-binding transcription factor subunit B 

IFI30 0.5957 1.3268 0.4490 Gamma-interferon inducible lysosomal thiol reductase precursor 

CALR 0.3384 0.8827 0.3834 Calreticulin precursor (CRP55) (Calregulin) (HACBP) (ERp60) (grp60) 

HSPA5 0.0904 1.0124 0.0893 78 kDa glucose-regulated protein precursor 

PDIA3 0.1961 0.6361 0.3082 Protein disulfide-isomerase A3 precursor 

HSPA4 0.2256 0.5546 0.4067 Heat shock 70 kDa protein 4 

MAPK signaling pathway    

CRKL 0.1173 0.4250 0.2759 Crk-like protein [Source:Uniprot/SWISSPROT;Acc:P46109] 

MYC 0.2046 0.4772 0.4287 Myc proto-oncogene protein (c-myc) 

SRF 0.1555 0.6330 0.2456 Serum response factor (SRF) 

MAP4K3 0.1124 0.3683 0.3052 Mitogen-activated protein kinase kinase kinase kinase 3 

DDIT3 0.2581 1.0264 0.2723 Growth arrest and DNA-damage-inducible protein GADD153 

MAP2K4 0.2075 0.4285 0.4843 Dual specificity mitogen-activated protein kinase kinase 4 

Toll-like receptor signaling pathway/T B cell receptor signaling pathway 

FOS 0.5699 1.7150 0.3323 
Proto-oncogene protein c-fos (cellular oncogene fos) 
(G0/G1 switch regulatory protein 7) 

SPP1 0.3200 2.2385 0.1430 Osteopontin precursor 

TICAM2 0.1561 0.9010 0.2463 TIR domain-containing adaptor molecule2 

BCL10 0.1385 0.3392 0.4083 B cell lymphoma/leukemia 10 (B-cell CLL/lymphoma 10) 

Apoptosis related pathways    

TNFRSF1A 0.1658 0.3788 0.4376 Tumor necrosis factor receptor superfamily member 1A precursor 

BCL2L1 1.4820 0.7770 1.8230 Apoptosis regulator Bcl-X (Bcl-2-like 1 protein) 

RPS6KB1 2.1770 0.6215 3.5023 Ribosomal protein S6 kinase (EC 2.7.1.37) (S6K) (p70-S6K) 

PORCN 0.3127 0.8289 0.3772 porcupine isoform A, 2410004O13Rik [Homo sapiens] 

ELK 1.1101 0.3461 3.2077 ETS-domain protein Elk-1 
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TABLE 2 

Differentially Expressed Genes Associated with Immune Response and Apoptosis at 24 h p.i. 

Gene and Pathways Gene Expression Fold Change Description 

 Baoan/51-24h CA/07-24h   

N-Glycan biosynthesis     

MGAT4B 1.0727 0.1412 7.5986 
mannosyl (alpha-1,3-)-glycoprotein 

beta-1,4-N-acetylglucosaminyltransferase, isoenzyme B 

DDOST 0.1951 0.5412 0.3605 
Dolichyl-diphosphooligosaccharide--protein  

glycosyltransferase 48 kDa subunit precursor 

RPN2 0.2316 0.5606 0.4131 
Dolichyl-diphosphooligosaccharide--protein  

glycosyltransferase 63 kDa subunit precursor 

ALG8 0.1579 0.4131 0.3821 
Probable dolichyl pyrophosphate Glc1Man9GlcNAc2  
alpha-1,3- glucosyltransferase 

Antigen processing and presentation   

IFI30 0.3214 0.9227 0.3484 
Gamma-interferon inducible lysosomal thiol  
reductase precursor 

CALR 0.3845 1.1112 0.3461 
Calreticulin precursor (CRP55) (Calregulin)  

(HACBP) (ERp60) (grp60) 

HSPA5 0.0951 0.3610 0.2633 78 kDa glucose-regulated protein precursor 

PDIA3 0.1462 0.4457 0.3280 Protein disulfide-isomerase A3 precursor 

Cell cycle     

FOS 0.2426 1.0057 0.2412 Proto-oncogene protein c-fos 

IRF3 0.2494 0.5179 0.4815 Interferon regulatory factor 3 

TICAM2 0.2428 0.9768 0.2485 TIR domain-containing adaptor molecule2 

PCNA 0.0615 0.2297 0.2677 Proliferating cell nuclear antigen (PCNA) (Cyclin) 

CCNA2 0.0564 0.3757 0.1500 Cyclin A2 

p53 signaling pathway     

CCNB1 0.0841 0.1773 0.4743 G2/mitotic-specific cyclin B1 

MDM4 0.2933 0.8440 0.3791 Mdm4 protein (p53-binding protein Mdm4) 

CDC2 0.1011 0.6339 0.1595 Cell division control protein 2 homolog 

CALM2 0.1226 0.4950 0.2799 calmodulin 2, phosphorylase kinase delta 

Toll-like receptor signaling pathway/T B cell receptor signaling pathway 

FOS 0.2426 1.0057 0.2412 Proto-oncogene protein c-fos 

SPP1 0.1129 0.6599 0.1711 Osteopontin precursor 

MAPK signaling pathway    

ELK1 0.9737 0.3777 2.4321 ETS-domain protein Elk-1 

DDIT3 0.1377 0.5029 0.2738 
Growth arrest and DNA-damage-inducible  

protein GADD153 

Other immune or apoptosis-related pathways   

CLDN7 0.1031 0.3289 0.3136 Claudin-7 

PPP2CA 0.1931 0.4687 0.4120 
Serine/threonine protein phosphatase 2A,  

catalytic subunit, alpha isoform 

SHC1 1.0020 0.2209 4.5359 SHC transforming protein 1 

 

pathogenic avian influenza H5N1 and 1918 H1N1 

virus. It was shown previously in animal experiments 

that the 2009 H1N1 influenza virus caused release of 

some cytokines such as IL-10, IFN-γ, IL-4, IL-12, 

and MCP-1 in mouse lungs
[7]

; Osterlund et al studied 

infected human macrophages and dendritic cells with 

the 2009 H1N1 virus and found a slight increase in 

cytokines
[8]

 which was however negligible as 

compared to the 1918 H1N1 influenza virus and 

highly pathogenic H5N1 avian influenza
[9-11]

. 

Dysregulation of inflammatory cytokines and 

enhancement of apoptosis caused by the 1918 H1N1 



HOST CELL RESPONSE TO PANDEMIC H1N1 265 

virus and H5N1 avian influenza virus have already 

been reported and it was found that they inhibit cell 

proliferation-related gene expression, but activate 

genes expression of IFN signaling pathway
[12-13]

; in 

macrophages, the high expression of the IRF1 

activates JAK-STAT signaling pathway and produces 

large amounts of IFN-β and other inflammatory 

factors causing a strong inflammatory dysregulation 

and induction of apoptosis
[14-15]

. So far, it has been 

assumed that increased production of 

pro-inflammatory cytokines may be a key factor 

contributing to immune injury in virulent influenza 

viral infections
[16-17]

.  

In the present study, it was found that the 

pandemic H1N1 virus inhibit pathways related to 

immune response including SHC1 related chemokine 

signaling, JAK-STAT signaling, antigen processing, 

innate immune cells activation, and cytokine 

production. The suppression of SHC1 gene and 

JAK-STAT signaling in response to CA/07 infection 

may contribute to the immunosuppression effect. 

Protein encoded by SHC1 can be bound to various 

receptorssuch as growth factor receptor, cytokine 

receptors, G protein receptorand involved in a variety 

of signal transduction including MAPK activation, 

cell proliferation, apoptosis, oxidative stress, IL-2 

IL-6 pathway and chemokine signaling pathway
[18]

. 

JAK-STAT is considered as the main signaling 

cascade approach of interferon signaling pathway. 

Studies have demonstrated that lacking of JAK1 

leads to completely defective interferon response 

while complementation of this mutant restores the 

response
[19-20]

.  

Our data have indicated that the pandemic H1N1 

virus partially evades the host innate immune 

response by interfering with the cytokine production 

pathways in A549 cells, however, the 

immunosuppression is not as significant as the 

seasonal H1N1 virus, and some of the cytokines 

production related genes, such as FOS gene are 

slightly up-regulated, which may contribute to the 

weak cytokine release in host infection.  

The significant down-regulation of MGAT4B 

gene in CA/07 infection may have important practical 

significance. This gene encodes Alpha-1, 

3-mannosyl-glycoprotein 4-beta-N-acetylglucosamin 

yltransferase B, a key glycosyltransferase in 

N-glycan biosynthesis that catalyzes the transfer of 

N-acetylglucosamine to mannose residues (Fig. 3). 

Polysaccharides frequently found on the surface of 

viruses come from the host cell, and the mannose 

residues structure of glycan can be recognized by MR 

of macrophages, which play a role in phagocytosis
[21]

. 

CA/07’s suppression of glycosyltransferase gene 

MGAT4B may result in inhibition of N-glycan 

biosynthesis and further reduction of mannose residues; 

the reduction of ligand of pattern-recognition receptors 

may reduce macrophage recognition and contribute to 

immune evasion. In addition, complement system can 

be initiated through MB-lectin pathway by binding of 

the serum protein MBL (mannose binding lectin) to 

mannose-containing carbohydrates on viruses. The 

suppression of MGAT4B gene is also impeding the 

activation of the complement system which is also an 

important part of innate immune response. In vitro 

and in vivo experiments are needed to verify the 

possible way of immune evasion inferred from the 

gene expression data.

 
FIG. 3. CA/07 down-regulated MGAT4B expression to disturb N-Glycan biosynthesis. Available from Molecule 

Annotation System V4.0 and KEGG database. 

Anti-apoptotic events are similar in both H1N1 

viral infections. Highly expression of apoptosis 

inhibitor might result in anti-apoptotic effects. 

Previous studies have revealed that SFRP5 could 

block Wnt signaling pathway in start-up phase 
[22-23]

; 

the proteins encoded by BCL2L1 gene are located at 

the outer mitochondrial membrane, and are shown to 

regulate outer mitochondrial membrane channel 

(VDAC) opening. VDAC regulates mitochondrial 

membrane potential, and thus controls the production 

of reactive oxygen species and release of cytochrome 

C by mitochondria, both of which are the potent 

inducers of cell apoptosis. Moreover, RPS6KB1 

encoded protein P70-S6 is a protein kinase that can 

lead to an increase in protein synthesis and cell 

proliferation. On the other hand, the down-regulation 

of key genes of the apoptosis pathways, for example, 

TNFRSF1A, also plays an important role in 

javascript:openNewView('pathway.do?action=getpathway&pathwayid=1855')
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anti-apoptotic effect. TNF-α receptor can activate the 

transcription factor NF-kB and mediate apoptosis, 

and the down regulation of TNFRSF1A which 

encoding TNF-α receptor, thereby inhibits apoptosis.  

In addition to viral anti-apoptosis effect, events 

of apoptosis are also underway. Inhibition of ELK in 

response to CA/07 infection may have an effect on 

apoptosis, as ELK involved in MAPK and other 

pathways, and have shown the function to promote 

cell growth and proliferation. Furthermore, 

down-regulation of anti-apoptosis genes BCL2L1 and 

RPS6KB1 at 8 h p.i. may also contribute to the 

apoptosis events. Unlike CA/07, in Baoan/51 

infection the inhibited expression of cyclins and 

protein kinase encoded by CCNE1, CCNA2, and 

CDC2 may result in the cell cycle arrest in G1/S or 

G2/M phase and lead to cell death through p53 

signaling pathway
[24-25]

. These differences observed 

in pro-apoptotic events suggest that the viruses may 

have different ways of promoting apoptosis.  

Taken together, the gene expression 

characteristics of A549 cells induced by the pandemic 

H1N1 virus are similar to those induced by the 

seasonal H1N1 virus. Being consistent with the 

previous studies, our results have revealed that in 

spite of the large genetic and antigenic distance of the 

pandemic H1N1 virus from the seasonal H1N1 virus, 

the immunosuppression and anti-apoptosis events of 

the pandemic virus were still similar to those of the 

seasonal H1N1 virus. Since the pandemic H1N1 virus 

has shown immune evasion and inhibition of innate 

immune response while infecting A549 cells, 

additional work is needed to verify the effect of the 

observed phenomenon.  
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