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Adaptation of avian influenza viruses to growth in differentiated porcine airway 

epithelial cells  

 

D. Punyadarsaniya1*, I. Hennig-Pauka2, C. Winter1,3, C. Schwegmann-Wessels1, G. 

Herrler1 

 
1Institute of Virology, University of Veterinary Medicine, Hannover, Germany; 
2Clinic for swine, small ruminants and forensic medicine, University of Veterinary Medicine, 

Hannover, Germany 
3Clinic for Poultry, University of Veterinary Medicine, Hannover, Germany 

 

Swine are an important host for the epidemiology and interspecies transmission of influenza 

A viruses. The differentiated epithelial cells of respiratory tract are the primary target cells 

for influenza viruses infection. To analyze the infection of porcine airway epithelial cells by 

influenza viruses, we established precision-cut lung slices as a culture system for 

differentiated respiratory epithelial cells. A comparison of the infection by a porcine (H3N2 

subtype) and an avian (H9N2 subtype) showed that the avian virus was inferior in the 

following parameters: (i) production of infectious virus, (ii) length of replication cycle, (iii) 

ciliostatic effect, and (iv) spectrum of infected cells (ciliated cells/mucus-producing cells). To 

analyze the adaptation of avian influenza viruses to the porcine respiratory epithelium, the 

H9N2 was passaged three times in precision-cut slices prepared from the porcine lung. 

Titration of the infectious virus released in the supernatant revealed that the virus recovered 

from the third passage was characterized by a shorter replication time resembling that of the 

porcine virus. On the other hand, the amount of infectious virus was not affected by the 

adapation process. Immunostaining was performed to identify infected cells, ciliated cells, 

and mucus-producing cells. While during the first passage co-staining of H9N2-virus-infected 

cells was detected only with ciliated cells, the second and third passage viruses behaved like 

the porcine H3N2 virus, i.e. they infected also mucus-procuding cells. These results show 

that the replication time and the spectrum of infected cells are the first parameters that are 

affected during adaptation of the avian H9N2 virus to growth in porcine respiratory eptihelial 

cells. The mutations that are correlated with these changes are currently determined.  

 

Key words: respiratory epithelium, precision-cut lung slices, influenza viruses 
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Synergistic adaptive mutations in the HA and PA lead to increased virulence of 

pandemic 2009 H1N1 influenza A virus in mice. 

 

R. Seyer1*, E.R. Hrincius1, D. Ritzel2, M. Abt2, +, H. Marjuki3, J. Kühn4, T. Wolff2, S. Ludwig1, 

C. Ehrhardt1 

 
1 Institute of Molecular Virology (IMV), ZMBE, Von Esmarch-Str. 56, D-48149 Muenster, 

Germany; 2 Robert Koch Institute, FG17, Nordufer 20, D-13353 Berlin, Germany; +, present 

address: Institute for Medical Microbiology and Hygiene; University Medical Centre 

Mannheim; Theodor-Kutzer-Ufer 1-3, 68167 Mannheim, Germany; 3 Division of Virology, 

Department of Infectious Diseases, St, Jude Children`s Research Hospital, Memphis, TN 

38105, USA; 4 Institute of Medical Microbiology, Clinical Virology, Von Stauffenberg Strasse 

36, D-48151 Muenster, Germany  

 

Influenza impressively reflects the paradigm of a viral disease in which continued evolution 

of the virus is of paramount importance for annual epidemics and occasional pandemics in 

humans. The pandemic outbreak of the H1N1variant (H1N1v) virus in 2009 caused relatively 

mild symptoms in the majority of patients. However, the high mutation rate of influenza 

viruses may facilitate to the emergence of future H1N1v strains that exhibit higher 

pathogenicity and cause more severe outbreaks of respiratory disease. Because of the 

continuous threat of novel influenza outbreaks it appears important to gather further 

knowledge about viral pathogenicity determinants. Here, we explored the adaptive potential 

of the H1N1v isolate A/Hamburg/04/09 (HH/04) by sequential passaging in mice lungs. 

Three passages in mice lungs were sufficient to dramatically enhance pathogenicity of 

HH/04, as evidenced by increased mortality in mice. Sequence analysis identified four 

nonsynonymous mutations in the third passage virus. Using reverse genetics, three 

synergistically acting mutations were defined as pathogenicity determinants, comprising two 

mutations in the hemagglutinin (D222G and K163E), whereby the HA(D222G) mutation was 

shown to determine receptor binding specificity, and the PA(F35L) mutation increasing 

polymerase activity. In conclusion, synergistically action of all three mutations results in a 

mice lethal pandemic H1N1v virus. Our results highlight the potential of H1N1v to rapidly 

adapt to a new mammalian host within a few passages, clearly indicating the potential for 

the emergence of highly pathogenic H1N1v variants. 

 

Key words: pandemic H1N1variant (H1N1v), mice-adaptation, pathogenicity 

determinants, polymerase activity 
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Analysis of the host genetic susceptibility to influenza A infections in mouse 

mutants 

 

B. Hatesuer1*, H. Wu1, M. Tantawy1, K. Schughart1 

 
1Helmholtz Center for Infection research 

 

Infections with the influenza A virus are responsible for the most common diseases of the 

respiratory tract of humans and cause serious illness and even death of affected people. The 

course and severity of disease is critically influenced by the virulence of the pathogen, but 

also by the susceptibility of the host. Here, many unknown host genetic factors play an 

important role and determine survival or death of the infected organism. In previous studies, 

we found that DBA/2J mice are highly susceptible to H1N1 and other influenza A subtypes. 

On the other hand, infected C57BL/6J mice exhibited much less severe symptoms and 

survived the infection. Genome-wide gene expression analysis showed the activation and 

down-regulation of many genes in the lung after infection in both strains. Based on these 

observations and the information in the literature we started to assess the role of individual 

genes for the host defense against influenza infections in mouse mutant lines. 

So far, Rag2 (recombination activating gene 2), Irf7 (interferon regulatory factor 7) and 

Ifi27l2a (interferon, alpha-inducible protein 27 like 2A) knockout mice showed a more 

susceptible phenotype after influenza infection compared to C57BL/6 wild type mice. On the 

other hand, a mutation in a protease gene resulted in a highly resistant phenotype. 
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Identification of host genetic factors influencing host susceptibility to Influenza A 

infections 

 

Tatiana Nedelko1, Heike Kollmus1, Barkha Srivastava1, and Klaus Schughart1, 2. 

 
1Department of Infection Genetics, Helmholtz Centre for Infection Research, Inhoffenstr. 7, 

38124 Braunschweig, Germany. 
2University of Veterinary Medicine Hannover, Bünteweg 2, 30559 Hannover, Germany. 

 

Genetic factors that are associated with increased susceptibility of the host to influenza virus 

infection or disease are largely unknown. Here, we studied the host response to influenza A 

virus (PR8 H1N1) infection in two inbred mouse strains – C57BL/6J and DBA/2J, and a large 

set of lines from the BXD recombinant inbred population. We characterized in detail the host 

response in the susceptible strain (DBA/2J) and resistant mouse strain (C57BL/6J) in terms 

of viral load, cytokine/chemokine profiles, lung pathology and genome-wide gene 

expression. In both mouse strains, chemokines, cytokines and interferon-response genes 

were up-regulated, indicating that the main innate immune defense pathways were 

activated. Infection of more than 50 recombinant inbred strains (BXD) allowed to identifying 

Quantitative Trait Loci (QTLs) that contribute susceptibility or resistance to virus infection. By 

analyzing survival, time to death and bodyweight loss as traits, we identified QTL peaks on 

chromosomes 5, 16, 17 and 19. We are currently mining these intervals for candidate genes, 

which may control these traits. 
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Long-term evolution of swine influenza A virus in Germany 
 

J. Lange1*, A. Philipps1*, A. Krumbholz1*, C. Steglich1*, S. Bergmann1*, S. Motzke1*, M. Groth2, 

S. Taudien2, M. Platzer2, R. Dürrwald3, R. Zell1 

 
1Dept. of Virology and Antiviral Therapy, Jena University Hospital; 2Genome Analysis Group, 

Leipniz Institute for Age Research, Fritz Lipmann Institute, Jena; 3IDT Biologika GmbH, 

Dessau-Rosslau 

 

More than 200 porcine influenza A viruses from a collection of some 450 strains have been 

sequenced with conventional and next generation sequencing (NGS) techniques. The 

majority of the strains were obtained in the ongoing longitudinal swine influenza surveillance 

of the IDT Biologika that started in 2003. At present some 60–80 strains are collected each 

year and sequenced. Two NGS sequencers were assessed, the FLX genome sequencer of 

Roche and the GAII of Illumina. Using the FLX GS and 454 pyrosequencing chemistry, a test 

run yielded some 450 influenza virus-specific high quality reads (mean 330 nt). Nine contigs 

representing 66–99 per cent of the influenza virus segments (mean 88.6%) were de-novo 

assembled, and coverages ranged between 21-38fold (mean 26.2fold). The Illumina 

technique yielded up to 30 million reads per run with a length of 76 nt and 13–26 million 

reads (on average 87%) that could be assigned to an indexed virus isolate. After 

optimisation, the number of virus-specific reads increased from 5.8 % to 26.9 %. Analysis of 

18 virus genomes per run is routinely achieved in a multiplex approach with an efficiency 

greater 99% of the influenza virus genome and coverages ranging from 22.7-14,650fold per 

nucleotide position. 

Phylogenetic analysis of these isolates revealed evolution of swine influenza virus since its 

emergence in 1979. There is evidence of reassortments and occasional introduction of 

human seasonal and pandemic strains. Molecular as well as serologic data indicate antigenic 

drift and suggest the need to replace vaccines every 8-10 years. 

 

Key words: next generation sequencing, Illumina, phylogenetic analysis, swine 

influenza surveillance 
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of cultured cells and tissue sections 

Sauer, A.-K. l Hannover 
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Wolff, T. l Berlin 

 

Primary human blood-derived macrophages restrict release of infectious viral 
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Characterization of the neuraminidase of the H1N1/09 pandemic influenza virus 
 

J. Uhlendorff, T. Gerlach, L. Kühling, V. Laukemper, T. Matrosovich, V. Czudai-Matwich, F. 

Schwalm, H.-D. Klenk, M. Matrosovich* 

 

Institute of Virology, Philipps University, Marburg  

 

The 2009 pandemic H1N1 influenza virus (H1N1pdm) is a reassortant virus containing the 

gene of the hemagglutinin (HA) of a North American swine virus and the gene of the 

neuraminidase (NA) of a Eurasian avian-like swine H1N1 virus. Here we compared properties 

of the NA of H1N1pdm with those of NAs of H1N1 avian, swine and seasonal human viruses.  

The H1N1pdm NA displayed an avian-virus-like sialidase activity with respect to 2-3-linked 

sialic acids and swine-virus-like sialidase activity with respect to 2-6-linked sialic acids. The 

NAs of avian viruses and early Eurasian swine viruses possessed strong hemadsorption 

activity. By contrast, no hemadsorption activity was detected in the NA of H1N1pdm and 

other swine viruses analyzed. To assess potential biological significance of observed 

distinctive catalytic and hemadsorption activities of the NA of H1N1pdm, we generated 

recombinant viruses that shared seven genes of H1N1pdm A/Hamburg/5/09 and contained 

the NA gene from representative avian, swine and seasonal human virus strains. The viruses 

harboring avian, Eurasian swine and seasonal human NAs eluted more slowly from red blood 

cells, were more sensitive to neutralization by human airway mucins and replicated less 

efficiently in differentiated cultures of human airway epithelial cells as compared with the 

viruses containing the NA of H1N1pdm and the NA of North American triple reassortant 

swine virus A/Ohio/2/07.  

Our data indicate that functional properties of the NA of H1N1pdm are closer to those of 

H1N1 swine viruses than to those of H1N1 avian and seasonal human viruses.  

 

Key words: neuraminidase, sialidase activity, hemadsorption, mucins 
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Recombinant soluble influenza A hemagglutinins bind to cell surface sialic acids 

of cultured cells and tissue sections 

 

A.-K. Sauer*, M. Bohm, C. Schwegmann-Weßels, G. Herrler 

Institute for Virology, University of Veterinary Medicine Hannover 

 

The interaction of Influenza viruses with host cells is mediated by the hemagglutinin (HA). 

This viral surface glycoprotein recognizes sialic acid residues as a receptor determinant. Most 

avian influenza viruses preferentially bind to α2,3-linked sialic acids whereas human viruses 

prefer α2,6-linked sialic acids. To distinguish between these two linkages, the lectins MAA 

and SNA were used in many studies. Due to the huge diversity of oligosaccharides and the 

different HA subtypes, the two plant lectins are not sufficient to characterize the binding 

sites of influenza HA. 

We therefore use soluble recombinant HAs of different subtypes in comparison with the 

classic lectin staining to investigate receptor distribution on different cell lines and sections of 

avian trachea and porcine lung shown by immunofluorescence. 

Binding of the H9 and the H7 subtypes differs between cell lines and species of the tissue 

section. Although most cell lines show an equal intensity of the SNA and MAAII stain, the 

soluble H9 shows a stronger binding compared to the soluble H7. On avian trachea sections 

on the other hand the twofold amount of H9 is needed to achieve a quality of binding 

comparable to that of the H7 binding. On porcine lung sections, showing mainly SNA staining 

on the apical surface, H7 does not bind at all whereas H9 shows clear binding but not as 

widely distributed as the SNA stain. 

These experiments show that a plant lectin staining alone cannot sufficiently depict the 

distribution of the cellular interaction partners of influenza A viruses. Soluble hemagglutinins 

should be a valuable tool to visualize potential influenza binding sites on cells and tissues. 

 

Key words: soluble hemagglutinins, sialic acids, binding 
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Type II pneumocytes are the major target cells for seasonal and highly 

pathogenic Influenza A viruses in the human lung 

 

V. K. Weinheimer1, A. Becher2, J. Knepper1, T. Bauer3, M. Tönnies3, A. Hocke2,  

S. Hippenstiel2, T. Wolff 1 * 

 
1Div. of Influenza/Respiratory Viruses, Robert Koch Institut, Berlin, Germany; 2Medizinische 

Klinik m. S. Infektiologie Charité, Berlin, Germany; 3HELIOS Klinikum Emil von Behring, 

Berlin, Germany 

 

The emergence of the pandemic H1N1-2009 influenza A virus and the continuous threat by 

highly pathogenic avian H5N1 strains highlight the significance of zoonotic virus 

transmissions. However, we still do not understand the basis for the strong pathology 

induced by H5N1 viruses in human lung. To explain the distinct pathological changes the 

hypothesis has been put forward that H5N1 virus infections inhibit repair processes and 

trigger dysregulated immune responses by targeting alveolar type II pneumocytes. However, 

it is uncertain whether this is a valid possibility as the cellular tropism of human and animal 

influenza viruses in human lung has not been systematically studied.  

Here, we employed human lung organ cultures in which the complexity and spatial 

arrangement of cell types is preserved to study the replication and tropism of human, avian 

and porcine influenza A viruses. Highly-pathogenic H5N1 and human-adapted viruses 

propagated efficiently, whereas classical swine and low pathogenic avian viruses replicated 

poorly. Nevertheless, all viruses were detected almost exclusively in type II pneumocytes 

with some additional staining in alveolar macrophages. Surprisingly, low and high pathogenic 

avian viruses provoked a pronounced cyto- and chemokine response while human and 

pandemic H1N1 viruses were poor cytokine inducers. These findings show that differences in 

the pathogenic potential of influenza A viruses in the human lung cannot be attributed to a 

distinct cell tropism. Rather, high or low viral pathogenicity appears to be associated with a 

strain-specific capacity to productively replicate in type II pneumocytes and to cope with the 

induced cytokine response. 

 

Key words: influenza A virus, cellular tropism, human lung, H5N1  



Oral presentation 

Page 28 of 73 
 

Primary human blood-derived macrophages restrict release of infectious viral 

particles. 

 

J. Friesenhagen1,3*, D. Viemann3, Yvonne Börgeling2, Eike Hrincius2, S. Ludwig2, J.Roth1.  

 
1Institute of Immunology, University of Muenster, Germany. 
2Institute of Virology, University of Muenster, Germany. 
3Department of Pediatric Pulmonology, Allergology and Neonatology, Medical School 

Hannover, Germany. 

 

Characteristics of systemic infections with highly pathogenic avian influenza viruses (HPAIV) 

such as H5N1 are cytokine burst and sepsis. Supposing that macrophages, classic amplifiers 

of inflammatory responses, are involved in these events, we investigated the role of human 

blood-derived macrophages in influenza virus infection and their contribution to cytokine 

release and viral replication. Macrophages were infected with low pathogenic H1N1 or high 

pathogenic H7N7 and H5N1 subtypes. Viral propagation of all influenza strains but especially 

of HPAIV was impaired in macrophages. Moreover, macrophages did not perform an 

effective innate immune response during HPAIV infections compared to H1N1 virus shown by 

transcriptome analyses. Induction of inflammatory cytokines as well as anti-virally acting 

type I interferons was significantly attenuated in H5N1- and H7N7-infections contradicting a 

primary role of this cell type for the cytokine burst. Surprisingly, in human macrophages we 

found a specific suppression of Influenza A virus M2 protein expression. According to the 

complete lack of M2 expression the replication cycle was most completely aborted in H5N1-

infected cells and resulted in an abrogation of inflammasome activation. Our data point to a 

strategy of HPAIV to avoid initial inflammatory responses of macrophages. Bypassing this 

first line defense might facilitate virus spreading and infection of other cell types promoting 

the cytokine storm during the systemic stage of disease.  

 

Key words: macrophages, H5N1 infection, inflammasome, M2 protein  

 



Oral presentation 
 

Page 29 of 73 
 

Subtype-specific pathogenicity of European swine influenza viruses in mice 

 

M. Schmidtke1*, K. Bauer1, K. Pfarr1, D. Topf1, H. Braun1, M. Richter1, R. Dürrwald2, P. 

Wutzler1 

 
1Institute of Virology and Antiviral Therapy, Jena University Hospital, Jena, Germany;  
2IDT Biologika GmbH, Am Pharmapark, Dessau-Roßlau, Germany;  

 

H1N1, H1N2, and H3N2 swine influenza viruses are endemic in Europe and present in 80-

90% of pig herds in Germany. Even though their high economic impact on animal husbandry 

and effect on human health as well, the information on phenotypic properties of circulating 

virus strains is poor until now. Here, the pathogenicity of isolates of all three subtypes was 

compared in BALB/c mice.   

Mice were intranasally infected with 104, 105, and 106 TCID50 of individual virus isolates. 

Lethality, pathology score, weight loss kinetics (till day 21 p.i.), virus titers in lung and 

trachea as well as histopathology of lung (d4 and d21 p.i.) were used as parameters to 

compare the pathogenicity of individual isolates. To evaluate viral properties that could allow 

effective spread of swine influenza A viruses in mice, HA and NA gene sequences were 

determined. Interestingly, there was no significant difference in virus titers. But, behaviour, 

weight loss, and lung histopathology differed markedly between the three subtypes. The 

strongest disease resembling severe seasonal influenza with pneumonia was observed after 

infection with H1N1 isolates. H1N2 isolates were less pathogenic but also induced loss of 

body weight, illness, and a strong inflammatory response in mouse lungs after using the 

highest infection dose. In mice infected with H3N2 viruses no or mild illness occurred. 

Receptor use and HA glycosylation correlated with the observed strong subtype-specific 

differences in pathogenicity of swine influenza A viruses in mice. To explain the observed 

strong differences in inflammatory response in mouse lungs further studies are needed.  

 

Key words: pathogenicity, swine influenza, mice 
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Standard oseltamivir treatment has no therapeutic effect on H1N1 influenza virus 

A/Jena/5258/09 infection in mice 

 

N. Seidel1*, H. Braun1, M. Richter1, A. Krumbholz1, P. Wutzler1, M. Schmidtke1 

 
1Institute of Virology and Antiviral Therapy, Jena University Hospital, Jena, Germany;  

 

In 2009 a new pandemic H1N1 influenza A virus (H1N1v) emerged containing the NA and M 

gene segment of Eurasian swine influenza A viruses. Like the gene donors, H1N1v isolates 

are adamantane-resistant. So, neuraminidase inhibitors (NAI) e.g. oseltamivir and zanamivir 

represent the only option for treatment and new drugs are urgently needed. Here, 

oseltamivir was utilized as control drug to establish and validate a mouse model with H1N1v 

for antiviral studies.  

Within a single round of infection with influenza virus A/Jena/5258/09, a lethal virus in mice 

was generated (ma-Jena/5258). After producing a virus stock in MDCK cells, 106 TCID50 of 

ma-Jena/5258 were applied to infect BALB/c mice. Oseltamivir was administered orally at 10 

mg/kg/d from day 0-4, twice daily. Survival, body weight and general condition were 

monitored for 21 days p.i. To determine lung parameters like weight, virus load, and 

histopathological score some animals were dissected on day 4 and 21 p.i. Ma-Jena/5258 

induced in oseltamivir-treated as well as placebo-treated animals a severe disease with 

strong body weight loss, impairment of general conditions, and lung histopathology leading 

to 10-20% mortality. The lack of oseltamivir efficacy in vivo was surprising because ma-

Jena/5258 was proved to be NAI susceptible in vitro. Moreover, sequence analysis of 

hemagglutinin and neuraminidase gene segments did not reveal known mutations leading to 

reduced drug susceptibility or even resistance.  

Obviously, higher oseltamivir concentrations are necessary to medicate H1N1v infections in 

mice.  

 

Key words: oseltamivir, pandemic influenza, mouse model 
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Antiviral activity of the MEK-inhibitor U0126 against pandemic H1N1v and highly 

pathogenic avian influenza virus in vitro and in vivo 

 

K. Droebner1, S. Pleschka2, S. Ludwig3 and O. Planz1,4* 

 

1Friedrich-Loeffler-Institut, Institute of Immunology, Paul-Ehrlich-Str. 28, D-72076 Tübingen, 

Germany 2Institute for Medical Virology, Justus-Liebig-Universität Giessen, Germany  

3Institute of Molecular Virology (IMV), University of Muenster, Germany 4Eberhard Karls 

University, Department of Immunology, Tübingen, Germany 

 

The emergence of the 2009 H1N1 pandemic swine influenza A virus is a good example of 

how this viral infection can impact health systems around the world in very short time. The 

continuous zoonotic circulation and reassortment potential of influenza A viruses (IAV) in 

nature represents an enormous public health threat to humans. Beside vaccination antivirals 

are needed to efficiently control the spreading disease. In the present work we investigated 

whether the MEK inhibitor U0126, targeting the intracellular Raf/MEK/ERK signalling 

pathway, is able to suppress propagation of the 2009 pandemic IV H1N1v as well as highly 

pathogenic avian influenza viruses (HPAIV) in cell culture and also in vivo in the mouse lung. 

U0126 showed antiviral activity in cell culture against all tested IAV strains including 

oseltamivir resistant variants. Furthermore, we were able to demonstrate that treatment of 

mice with U0126 via the aerosol route led to (i) inhibition of MEK activation in the lung (ii) 

reduction of progeny IAV titers compared to untreated controls (iii) protection of IAV 

infected mice against a 100x lethal viral challenge. Moreover, no adverse effects of U0126 

were found in cell culture or in the mouse. Thus, we conclude that U0126, by inhibiting the 

cellular target MEK, has an antiviral potential not only in vitro in cell culture, but also in vivo 

in the mouse model. 

 

Key words: Influenza virus, U0126, MEK-inhibitor, Antiviral 
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Biphasic action of p38 MAPK signaling in the influenza A virus induced primary 

and secondary host gene response 

 

Börgeling, Y.1*; Schmolke, M.1,2; Viemann, D.3,4; Roth, J.3; Ludwig S.1 

 

1Institute of Molecular Virology (IMV), ZMBE, Von Esmarch-Str. 56, D-48149 Muenster, 

Germany; 2present address: Mount Sinai School of Medicine, Department of Microbiology, 

New York, USA; 3Institute of Immunology, Westfälische Wilhelms-Universität Münster, 

Germany; 4present address: Department of Pediatric Pulmonology, Allergology and 

Neonatology, MH Hannover, Germany 

 

Highly pathogenic avian influenza viruses (HPAIV) induce severe inflammation in poultry and 

men. There is still an ongoing threat that these viruses may acquire the capability to freely 

spread as novel pandemic virus strains that may cause major morbidity and mortality. One 

characteristic of HPAIV infections is the induction of a cytokine burst that strongly 

contributes to viral pathogenicity. It has been suggested, that this cytokine overexpression is 

an intrinsic feature of infected cells and involves hyperinduction of p38 mitogen activated 

protein kinase (MAPK). Here we investigate the role of p38 signaling in the antiviral response 

against HPAIV in endothelial cells, a primary source for cytokines during systemic infections. 

Global gene expression profiling of HPAIV infected endothelial and epithelial cells in the 

presence of the p38-specific inhibitor SB202190 revealed, that inhibition of p38 leads to 

reduced expression of interferons (IFN) and other cytokines after A/Thailand/1(KAN-1)/2004 

(H5N1) and A/FPV/Bratislava/79 (H7N7) infection in both cell types. Furthermore, the 

expression of interferon stimulated genes (ISGs) after treatment with IFN or conditioned 

media from HPAIV infected cells was decreased when the target cells were preincubated 

with SB202190 or dominant negative MKK6 was expressed. Finally, promoter analysis 

confirmed a direct impact of p38 MAPK on the IFN-enhanceosome and ISG-promoter activity. 

These observations show, that p38 acts on two levels of the antiviral IFN response: Initially 

the kinase regulates IFN induction and at a later stage p38 controls IFN signaling and 

thereby expression of IFN-stimulated genes. 

 

Key words: MAPK p38, Influenza A Virus, HPAIV, cytokine storm 
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Host proteases and influenza infection: characterization and inhibition 

 

Mahmoud M. Bahgat1* and Klaus Schughart1 

 
1Department of Infection Genetics and University of Veterinary Medicine, Helmholtz Center 

for Infection Research, Inhoffenstrasse 7, 38124 Braunschweig, Germany 

Email: Mahmoud-Bahgat.Riad@helmholtz-hzi.de 

 

Proteases represent key players in establishment of influenza infection due to their role in 

cleavage of viral hemagglutinin. Although previous studies demonstrated the implication of 

transmembrane proteases in such processes, other proteases might also be involved. Here, 

we quantified the activities of trypsin-like proteases in homogenates of lungs from mice with 

various susceptibilities to influenza infection using specific peptide substrates. Results 

showed up-regulation in the measured activities post infection in comparison to non-infected 

mice. When the molecular weights of these activities were visualized by zymography, results 

indicated up-regulation of several proteolytically active peptides of a broad range of 

molecular weights suggesting involvement of more than one enzyme. The involvement of 

several proteases in the influenza infection was also confirmed quantitatively at the 

transcriptional level. The nature of such a protease family was further confirmed using 

specific inhibitors. Individual and cocktailed standard serine protease inhibitors blocked 

A/Puerto Rico/8/34 (H1N1; PR8) and A/Seal/Massachusetts/1/80 (H7N7; SC35M) 

propagation in cell culture and in mice. Exploring such proteases as possible alternative drug 

targets for development of new anti-influenza therapeutics especially in the light of the 

emergence of resistance to the known anti-influenza drugs will be discussed. 

 

Key words: Influenza A viruses, trypsin like serine proteases, serine protease 

inhibitors 
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A single point mutation (Y89F) within the non- structural protein 1 of influenza A 

viruses dramatically limits lung epithelial cell tropism and virulence in mice. 

 

Eike R. Hrincius 1*, Lisa Gensler1, Ann-Katrin Henneke1, Darisuren Anhlan1, Jon McCullers2, 

Stephan Ludwig1 and Christina Ehrhardt1 

 
1Institute of Molecular Virology (IMV), ZMBE, Von Esmarch-Str. 56, D-48149 Muenster, 

Germany 
2St. Jude Children's Research Hospital, Department of Infectious Diseases, 262 Danny 

Thomas Place, Memphis, TN 38105-3678 

 

The non-structural protein 1 (A/NS1) of influenza A viruses (IAV) harbors several src 

homology domain (SH)-binding motifs (bm) (one SH2bm and two SH3bm), which mediate 

interaction with cellular proteins. In contrast to the sequence variability of the second 

SH3bm, the tyrosine 89 within the SH2bm is highly conserved among different IAV strains. 

This prompted us to evaluate the necessity of this SH2bm for IAV virulence. In an in vivo 

mouse model, we observed a dramatically reduced body weight-loss and reduced mortality 

upon infection with the A/NS1 Y89F mutant in comparison to wild-type virus. Infectious titers 

in the lung and bronchoalveolar-lavage fluid (BALF) were also reduced in comparison to wild-

type virus. Concomitantly, we observed decreased cytokine, chemokine and immune cell 

levels in the lung and BALF as well as less severe pathological changes, reflecting reduced 

levels of virus-titers. Interestingly the replication of the A/NS1 mutant in mouse lung was 

overall reduced and strongly restricted to alveoli and if any marginally to bronchioli. In 

contrast, wild-type virus infection led to virus antigen positive areas in tracheal, bronchus, 

bronchiole and alveolar epithelium. Finally, wild-type virus infection resulted in a dramatic 

destruction of the bronchiole epithelium in clear contrast to infection with the A/NS1 mutant. 

Here, a slightly hypertrophic but entirely intact bronchiole epithelium was observed.  

Taken together, we could show that disruption of the highly conserved SH2bm within the 

A/NS1 results in decreased virus distribution in the mouse lung and dramatically reduces 

virulence illustrating the necessity of the SH2bm for IAV induced pathogenicity. 

 

Key words: influenza A virus, NS1 protein, SH binding motif, virulence, immune 

response 
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Reassortment of wild-type H7N1 HPAIV with a H5N1 NS-segment leads to 

increased virulence in intravenously infected embryos of chicken and turkey 

 

H. Petersen1*, Z. Wang2, S. Pleschka2, S. Rautenschlein1 

 
1Clinic for Poultry, University of Veterinary Medicine Hannover, Germany; 2Institute for 

Medical Virology, Justus-Liebig-University Giessen, Germany 

 

H5N1-type highly pathogenic avian influenza viruses (HPAIV) have spread from Asia to 

Europe and have caused high mortality among various bird species. Also H7-type HPAIV are 

known to cause great fatalities in poultry populations with the last incidence in Germany in 

2003. Since both subtypes are co-circulating among wild birds and poultry, reassortment 

between H7- and H5-type HPAIV is a possible threat not only for poultry but also for 

susceptible mammalian species including humans. Reassortment and transmission in poultry 

species could change their pathogenic and pandemic potential. 

In this study we compared the HPAIV wild-type (wt) A/FPV/Rostock/34 (H7N1) and the 

reassortant FPV NS VN, carrying the NS segment of HPAIV A/Vietnam/1203/2004 (H5N1) in 

embryonated eggs of chicken and turkey for their potential to replicate in these two poultry 

species and induce lesions. After intravenous inoculation, embryo mortality, pathological 

lesions, virus replication and IFN-induction were quantified in different embryonic organs and 

blood samples at different time points post infection. HPAIV infection of chicken and turkey 

embryos led to 100% mortality in the first 24 hours post infection. More severe lesion 

development was observed for FPV NS VN compared to FPV wt in infected embryos of both 

species. Virus quantification by qRT-PCR revealed comparable organ tropisms between 

chicken and turkey but with faster propagation of FPV NS VN in turkey embryos. 

Our results indicate that reassortment between avian H7-type HPAIV and H5-type HPAIV can 

indeed result in new viruses that show altered growth characteristics, host tropism and 

increased virulence in different poultry species. 

 

Key words: Reassortment, HPAIV, turkey, chicken, host tropism 
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Restricted replication of avian influenza polymerases in mammals is rescued by 

adaptive mutations in NEP 

 

B. Mänz1,2; L. Brunotte1*; M. Schwemmle1 

 
1Department of Virology, Institute for Medical Microbiology and Hygiene, University of 

Freiburg, Germany 
2Institute for Virology, University of Marburg 

 

Zoonotic transmission of avian influenza viruses into the human population is dependent on 

adaptive mutations in the viral polymerase in order to achieve high-level replication in the 

new host. We provide evidence that the requirement for adaptation is caused by a restricted 

vRNA synthesis in human cells of avian polymerases that lack the human signature lysine 

627 in the PB2 protein. Characterization of the pathogenicity factors of the highly pathogenic 

human-derived H5N1 isolate A/Thailand/1(KAN-1)/2004 (KAN-1) revealed that the observed 

replication defect is only partially compensated by adaptive mutations in the KAN-1 

polymerase and that the decisive role to stimulate replication could be attributed to the 

nuclear export protein (NEP). We can show that KAN-1 and also other human avian influenza 

isolates, lacking lysine 627, acquired adaptive mutations in NEP, which strongly enhanced 

the restricted polymerase activity of avian influenza viruses in human cells, whereas NEP of 

avian isolates did not. Our data suggest that avian influenza viruses, when crossing the 

species barrier, acquire adaptive mutations in NEP to escape restricted replication in the 

mammalian host. 
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Highly pathogenic Influenza viruses cause an inhibition of the immune response 

in human monocytes via activation of the Rar-related orphan receptor alpha. 

 

J. Friesenhagen1,3*, D. Viemann3, Yvonne Börgeling2, Mirco Schmolke2, S. Ludwig2, J.Roth1.  

 
1Institute of Immunology, University of Muenster, Germany. 
2Institute of Molecular Virology (IMV), ZMBE, Von Esmarch-Str. 56, D-48149 Muenster, 

Germany 
3Department of Pediatric Pulmonology, Allergology and Neonatology, Medical School 

Hannover, Germany. 

 

Characteristic symptoms of infection with highly pathogenic avian influenza viruses (HPAIV) 

are cytokine storm and systemic spreading of disease. Considering monocytes as possible 

initiators of a cytokine storm, we analyzed signaling pathways induced in influenza infected 

human monocytes. Primary human monocytes were infected with low pathogenic influenza 

virus strain PR8 and with two HAPIVs, FPV and KAN-1. The cell response was analyzed by 

qRT-PCR, FACS staining, Western Blot and Affymetrix gene array for three independent 

blood donors. Surprisingly, microarray analysis revealed that HPAIV cause a reduction of 

immune responses in human monocytes. We identified the Rar-related orphan receptor 

alpha (RORα) as a transcription factor activated by influenza virus infection. RORα knockout 

mice were used for further studies and for establishment of a stable transfected ER-Hoxb8 

RORα knockout cell line. RORα negatively interferes with NF-κB signaling as we have shown 

by Western Blot in human as well as in mouse monocytes. Additionally, we could show that 

immune responses during influenza infection of monocytes directly depend on activation of 

RORα. ER-Hoxb8 RORα knockout cells showed a much stronger response to influenza virus 

infection than WT cells. We could also identify a novel role of RORα for interferon signaling. 

Physiological relevance of our findings was confirmed by in vivo experiments with 

heterozygous RORα knockout mice which showed higher susceptibility to influenza infection 

than WT mice. In conclusion, we found a novel mechanism used by HPAIVs to bypass an 

important part of the innate immune system in order to facilitate systemic spreading of 

disease. 

 

Key words: H5N1, monocytes, immune response, RORα  
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Whole genome expression analysis as a valuable tool to host responses during 

the course of an Influenza A virus infection  

 

C. Pommerenke1, E. Wilk11*, B. Srivastava 1, A. Schulze1, K. Schughart1 

 
1Department of Infection Genetics, Helmholtz Centre for Infection Research, Braunschweig 

and University of Veterinary Medicine, Hannover  

 

Murine models enable us to study systematically the infection with Influenza A and its 

consequences for the host. We performed a comprehensive systematic description of all 

aspects of the host response within one experimental setting. For these studies, we infected 

C57BL/6J mice with the H1N1 PR8 virus and analyzed the transcriptome of whole lungs from 

days 1 to 60 after infection using Agilent´s mouse 4x44k microarrays. Our analyzes revealed 

that various pathophysiological host responses, like the activation of the innate immune 

system, the switch from the innate to the adaptive immune response and the establishment 

of immunity is well reflected in the kinetics of gene expression patterns and were confirmed 

by flow cytometry and histology. These results will not only provide a valuable basis for a 

systems biology modeling of the normal course of an infection but also to allow to unravel 

important alterations of the host response in mutant mice or deleterious host responses to 

highly virulent virus subtypes. 

 

Key words: whole genome expression analysis, kinetic study, murine influenza 

infection model 



Oral presentation 

Page 44 of 73 
 



Oral presentation 
 

Page 45 of 73 
 

 

 

 

Interferon System 
 
 

Tuesday, September 27, 2011 
 

Macrophage-expressed IFN-β mediates apoptotic alveolar epithelial injury in 

severe influenza virus pneumonia 

Högner, K. l Gießen 

 

Interferon-lambda protects chicken embryos from viral infection 

Rubbenstroth, D. l Freiburg 

 

Identification and preliminary characterization of IFN-producing cells in virus-

infected chickens 

Bender, S. l Freiburg 

 

Rig-I activates the Phosphatidylinositol-3-kinase (PI3K) to promote efficient 

type I interferon production in response to Influenza virus vRNA  

Ehrhardt, C. l Münster 



Oral presentation 

Page 46 of 73 
 

 



Oral presentation 
 

Page 47 of 73 
 

Macrophage-expressed IFN-β mediates apoptotic alveolar epithelial injury in 

severe influenza virus pneumonia 

 

Katrin Högner1, Stefan Pleschka2, Thorsten Wolff3, Ulrich Kalinke4, Dieter Walmrath1, 

Johannes Bodner5, Stefan Gattenlöhner6, Werner Seeger1, Juergen Lohmeyer1 and Susanne 

Herold1 

 
1University of Giessen Lung Centre (UGLC), Department of Internal Medicine, Division of 

Pulmonary and Critical Care Medicine and Infectious Diseases, Justus-Liebig-University, 

Giessen, Germany 
2Institute of Medical Virology, Justus-Liebig-University, Giessen, Germany 
3Robert Koch-Institute, FG17, Berlin, Germany  
4.Institute for Experimental Infection Research, Twincore Centre for Experimental and Clinical 

Infection Research, Hannover, Germany 
5Clinic of Thoracic Surgery, Department of Operative Medicine, Justus-Liebig-University, 

Giessen, Germany 
6Department of Pathology, Justus-Liebig-University, Giessen, Germany 

 

Influenza virus (IV) pneumonia is characterized by a rapid progression to lung failure and 

high mortality. Although lung macrophages (AM) have been linked to a role in host defence 

against viral infections it has been shown that macrophage express TRAIL (Tumor necrosis 

factor related apoptosis inducing ligand), a proapoptotic protein, that contributes to lung 

damage upon IV infection in mice. Additionally, the antiviral acting protein IFN-β, which is 

secreted by alveolar epithelial cells (AEC), as well as macrophages under inflammatory 

conditions, was proven to be a potent TRAIL inducer. Furthermore the IFN-β dependent 

upregulated protein Protein Kinase R (PKR), recognizing dsRNA, has been described to 

induce apoptosis. The mechanisms that regulate TRAIL expression and the distinct role of 

IFN-β and PKR in this context remain elusive. Within this project we focus on the intracellular 

signalling cascades (PKR and downstream events), the role of IFN-β in TRAIL upregulation 

and induction of apoptosis in AEC upon IV infection.  

PR/8 infection of wild-type (wt) murine AM in vitro resulted in a dose-dependent 

upregulation of IFN-β and TRAIL mRNA and enhanced protein levels. The level of 

upregulation was dependent on the used Influenza virus strain, corresponding to their 

described pathogenicity. TRAIL and IFN-β were released from PR/8 infected wt AM, but not 

from PKR-deficient AM, showing impaired NF-κB activity. In addition, blockade of IFN-β and 

NF-κB in PR/8 infected wt AM resulted in reduced TRAIL expression. Furthermore 
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cocultivation of PR/8 infected PKR, IFNAR (type I interferon receptor) or TRAIL deficient AM 

with uninfected epithelial cells reduced their apoptosis compared to epithelial cells combined 

with infected wt AM. Moreover, TRAIL mRNA was found highly upregulated in wt and in PKR-

deficient AM upon IFN-β stimulation. Additionally PR/8 and X31 induce TRAIL and IFN-β in 

human AM and TRAIL was detected in AM isolated from BAL of ventilated H1N1 patients. 

Chimeric mice transplanted with PKR-/-, IFNAR-/- or TRAIL-/- bone marrow cells showed 

reduced TRAIL and IFN-β levels in BAL upon PR/8 infection as well as reduced epithelial cell 

apoptosis in comparison with wt transplanted mice. The lung leakage was reduced in IFNAR-

/- and TRAIL-/- bone marrow chimerics. Furthermore the body weight of TRAIL-/- chimerics 

was increased. In addition late treatment with IFN-β increased the TRAIL concentration in 

BAL, the apoptosis of epithelial cells as well as the lung leakage of PR/8 infected wt mice. In 

contrast pretreatment with IFN-β led to reduced virus titers and higher barrier function upon 

PR/8 infection in vivo. 

These data demonstrate that PKR and NF-κB dependent IFN-ß release from PR/8-infected 

AM is an important auto/paracrine inducer of macrophage TRAIL expression in murine and 

human AM. Reduced IFN-β levels resulting in reduced TRAIL levels improve the clinical 

outcome in vivo whereas IFN-β application during inflammation showed the opposite effect 

suggesting that IFN-β present at late timepoints during inflammation mediates epithelial 

injury in severe influenza virus pneumonia.  
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Interferon-lambda protects chicken embryos from viral infection 

 

A. Reuter1,4, D.Rubbenstroth1*, C. Winter2, S. Kothlow3, P. Stäheli1 

 
1Department of Virology, University of Freiburg, Freiburg, Germany; 2Institute for Virology, 

University of Veterinary Medicine Hannover, Hannover, Germany; 3Department of Veterinary 

Sciences, University of Munich, Munich, Germany; 4International Max Planck Research School 

for Molecular and Cellular Biology, Freiburg 

 

Interferon-lambda (IFNλ) contributes to virus resistance of mammals by inducing interferon-

stimulated genes in epithelial cells of mucosal surfaces. In contrast, little is known about the 

antiviral activity of IFNλ in avian species. 

In this study we used a retroviral vector to constitutively express chicken IFN-λ (chIFNλ) in 

cultured cells and whole chicken embryos. In chIFNλ-mosaic-transgenic chicken embryos 

prominent expression of Mx, an ISG frequently used as marker of IFN responsiveness, was 

detected in tissues, such as intestine, lung, trachea and kidney that contain large numbers of 

epithelial cells. Retroviral vector-mediated expression of chIFNλ strongly reduced viral yields 

after in ovo infection of chicken embryos with various influenza A virus strains, Newcastle 

disease virus or infectious bronchitis virus. Enhanced virus resistance was also observed in 

primary kidney cells and tracheal organ cultures from chIFNλ-mosaic-transgenic chicken 

embryos, but not in chIFNλ-expressing chicken fibroblasts. These results suggest that, 

similar to its mammalian counterpart, chIFNλ confers antiviral protection mainly to epithelial 

cells in chickens. Interestingly, chicks mosaic-transgenic for chIFNλ hatched less efficiently 

than control animals and died within the first week after hatch for yet unclear reasons. 

 

Key words: chicken, innate immunity, interferon-lambda, antiviral activity 
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Identification and preliminary characterization of IFN-producing cells in virus-

infected chickens 
 

S. Bender1*, B. Meyer1, D. Rubbenstroth1, S. Härtle2, B. Kaspers2, P. Staeheli1 

 
1Department of Virology, University of Freiburg, Freiburg, Germany; 2Department of 

Veterinary Sciences, University of Munich, Munich, Germany 

 

Little is known about the innate antiviral immune response of domestic chickens. How 

chickens are able to produce high levels of type I interferon (IFN) in response to infection 

with viruses that carry inhibitors of IFN production, such as the non-structural protein 1 

(NS1) of influenza A virus, is a question of particular interest. Therefore, the aim of this 

study was to identify and characterize cells in tissues of chickens which produce large 

amounts of IFN in response to viral infection. 

Ex vivo stimulation of primary chicken splenocytes with Newcastle disease virus or a toll-like-

receptor 7 (TLR-7) agonist resulted in high levels of type I IFN in the culture supernatant. 

Using a monoclonal anti-chicken-IFN antibody and flowcytometric intracellular cytokine 

staining we were able to detect a small population of IFN-producing cells in stimulated 

cultures. Further characterization showed that the IFN-producing cells were positive for 

CD45 and MHC-II. 

Small numbers of chIFN-producing cells were also detected in the spleen of chickens 

infected with the highly pathogenic avian influenza virus (HPAIV) strain A/Cygnus 

cygnus/Germany/R65/2006 (H5N1) or treated with a TLR-7 agonist. Immunohistochemical 

analysis revealed that the chIFN-producing cells in HPAIV-infected spleens were negative 

for viral antigen but usually located in close proximity to infected cells. 

Our data indicate that a small population of immune cells is responsible for the production of 

high amounts of chIFN in virus-infected chickens and may represent specialized producers 

of type I IFNs. 

 

Key words: chickens, innate immunity, type I interferon, flowcytometry, 

splenocytes 
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Rig-I activates the Phosphatidylinositol-3-kinase (PI3K) to promote efficient type 

I interferon production in response to Influenza virus vRNA  

 

C. Ehrhardt*, E. R. Hrincius, R. Dierkes D. Anhlan, V. Wixler, St. Ludwig 

 

Institute of Molecular Virology (IMV), ZMBE, Von Esmarch-Str. 56, D-48149 Muenster, 

Germany 

 

The phosphatidylinositol 3-kinase (PI3K) is activated upon influenza A virus infection in a 

biphasic manner. An early and transient induction of PI3K signalling is induced by viral 

attachment to cells and promotes virus entry. In later phases of the infection cycle the 

kinase is activated by direct interaction with the viral NS1 protein, leading to prevention of 

premature apoptosis. Besides these virus-supporting functions, it was also suggested that 

PI3K signalling is essential for complete activation of interferon regulatory factor 3 (IRF-3) in 

response to synthetic dsRNA and IAV infections. However, a direct role of PI3K signalling in 

the immune response to influenza virus infections was not described yet. Here we show that 

accumulation of vRNA in cells infected with either influenza A or B viruses results in PI3K 

activation. Furthermore, expression of the RNA receptors Rig-I and MDA5 was increased 

upon stimulation with virion extracted vRNA or IAV infection. Using siRNA approaches, Rig-I 

was identified as the pathogen receptor necessary for influenza virus vRNA sensing and 

subsequent PI3K activation in a TRIM25 and MAVS signalling dependent fashion. Rig-I 

induced PI3K signalling was further shown to be essential for complete IRF-3 activation and 

consequently induction of the type I interferon response. These data identify PI3K as a 

factor that is activated as part of the Rig-I mediated anti-pathogen response to enhance 

expression of type I interferons. 

 

Key words: influenza A virus; PI3K; vRNA; Rig-I 
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Analysis of the antiviral ISG15 system and its role in the replication of human and 

animal influenza A viruses 

 

J. Knepper*, V. K. Weinheimer, T. Wolff 

 

Div. of Influenza/Respiratory Viruses, Robert Koch Institute, Berlin, Germany 

 

Influenza A viruses (IAV) infect a wide range of avian and mammalian species. However, 

there is still only incomplete knowledge about the virus- and host-encoded factors enabling 

animal IAV strains to adapt to the human host. Previous data showed variations in the 

upregulation of type I IFN and IFN-induced genes like ISG15 after infections with human, 

avian and porcine IAV. The underlying mechanisms responsible for these different immune 

responses are subject of our investigation. The ISG15 system shows strong antiviral effects, 

thus several viruses evolved ISG15 evasion mechanisms. ISG15 is a ubiquitin-like 

polypeptide that is covalently attached to both host and viral proteins mediated mainly by 

the ligases Ube1L, UbcH8 and Herc5. We hereby hypothesize that the ISG15 system plays an 

important role in controlling IAV replication and possibly its virulence and species specificity. 

Our initial investigations showed that ISG15 is strongly induced in A549 cell cultures upon 

IAV infection. Interestingly, this induction occurred predominantly in uninfected cells of the 

culture, whereas little ISG15 was detected in the initially infected cells. Transfection-based 

experiments demonstrated that the sole expression of the viral polymerase with viral RNA 

was sufficient to induce ISG15, which was inhibited by co-expressed viral NS1 protein. These 

findings indicate an important role for the viral NS1 protein in counteracting the antiviral 

ISG15 system. 

Future studies will characterize the role of ISG15 in the replication of WT and mutant IAV by 

gain- and loss-of-function approaches. Key findings will be validated in a previously 

established ex vivo lung infection model.  

 

Key words: ISG15, influenza A virus, IFN 
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Antiviral activity of the proteasome inhibitor VL-01 against Influenza A viruses 
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Auf der Morgenstelle 15, 72076 Tuebingen, Germany 

 

The appearance of highly pathogenic avian influenza A viruses of the H5N1 subtype being 

able to infect humans and the 2009 H1N1 pandemic reveals the urgent need for new and 

efficient countermeasures against these viruses. The long-term efficacy of current antivirals 

is often limited, because of the emergence of drug-resistant virus mutants. A growing 

understanding of the virus-host interaction raises the possibility to explore alternative targets 

involved in the viral replication. In the present study we show that the proteasome inhibitor 

VL-01 leads to reduction of influenza virus replication in human lung adenocarcinoma 

epithelial cells (A549) as demonstrated with three different influenza virus strains, A/Puerto 

Rico/8/34 (H1N1) (EC50 value of 1.7 µM), A/Regensburg/D6/09 (H1N1v) (EC50 value of 2.4 

µM) and A/Mallard/Bavaria/1/2006 (H5N1) (EC50 value of 0.8 µM). In in vivo experiments we 

could demonstrate that VL-01-aerosol-treatment of BALB/c mice with 14.1 mg/kg results in 

no toxic side effects, reduced progeny virus titers in the lung (1.1 ± 0.3 log10 pfu) and 

enhanced survival of mice after infection with a 5-fold MLD50 of the human influenza A virus 

strain A/Puerto Rico/8/34 (H1N1) up to 50%. Furthermore, treatment of mice with VL-01 

reduced the cytokine release of IL-α/-β, IL-6, MIP-1 β, RANTES and TNF- α induced by LPS 

or highly pathogen avian H5N1 influenza A virus. The present data demonstrates an antiviral 

effect of VL-01 in vitro and in vivo and the ability to reduce influenza virus induced cytokines 

and chemokines. 

 

Key words: Influenza A virus; proteasome inhibitor; drug-resistance 
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Pandemic H1N1 influenza virus carrying a Q136K mutation in the neuraminidase 

gene is resistant to zanamivir but exhibits reduced fitness in vivo 

 

D. Rubbenstroth1*, M. Kaminski1, and P. Stäheli1* 

 
1Department of Virology, University of Freiburg, Freiburg, Germany 

 

Neuraminidase inhibitors are routinely used for the treatment of severe influenza A virus 

infections. Oseltamivir resistance became widespread in seasonal H1N1 influenza viruses in 

2007/2008, and oseltamivir-resistant pandemic H1N1 viruses (pH1N1) also seem to retain a 

high degree of fitness. Zanamivir resistance is observed only infrequently in influenza viruses 

and little is known about the ability of pH1N1 to tolerate resistance mutations. 

In this study we identified a glutamine-to-lysine mutation at position 136 (Q136K) of the 

neuraminidase which confers zanamivir resistance. The mutation was acquired during 

passage in MDCK cells in the presence of increasing concentrations of zanamivir. 

Introduction of this mutation into the wild-type virus by reverse genetics resulted in 

enhanced resistance against zanamivir in a neuraminidase activity assay. The oseltamivir 

resistance of this mutant was not increased. Growth kinetics on MDCK cells revealed no 

significant differences between the mutant (rHH-Q136K) and the wild-type virus (rHH-wt). 

However, when growth kinetics experiments were performed on MDCK cells over-expressing 

α-2,6-sialic acids (MDCK-SIAT), replication of rHH-Q136K was markedly delayed as compared 

to rHH-wt. Guinea pigs experimentally infected with rHH-Q136K had only moderate viral 

titres in nasal washings and did not transmit the virus to contact-exposed animals. 

Our data shows that pandemic H1N1 viruses may gain zanamivir resistance under vigorous 

selective pressure. However, such neuraminidase mutations seem to result in dramatic losses 

in viral fitness. Therefore, it is unlikely that zanamivir-resistant mutants of pH1N1 become 

widespread in the human population. 

 

Key words: pandemic H1N1; zanamivir resistance, neuraminidase, transmission 
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Lung epithelium progenitors show increased proliferation, decreased apoptosis 

and are infected during Influenza pneumonia 

 

O.R. Gottschald1*, J. Quantius1, W. Seeger1, J. Lohmeyer1, S. Herold1 

 
1Department of Internal Medicine II, Uniklinikum Giessen, Germany 

 

Influenza virus can induce severe damage of the alveolar epithelium leading to pulmonary 

oedema and respiratory failure. Therefore, during the disease an efficient alveolar repair is 

crucial for recovery.   

In this study, we analysed a distinct alveolar epithelial cell population (EpCAMhigh CD49fhigh 

CD24low) during influenza infection. These cells were previously described to have 

progenitor/stem cell characteristics, being resistant to damage, proliferating after injury in 

vivo and being multipotent in clonal assays. We found this population of local progenitors, 

displaying the immunophenotypic profile ProSPCint CCSPpos Sca1int CD104high and CD34high, 

located at the level of bronchioles in the distal respiratory tract. During influenza infection, 

this population showed a higher proliferation rate, peaking at day 7 p. i., than other 

populations of lung epithelial cells. In addition, the progenitor cells showed the lowest 

degree of infection induced apoptosis. Different tested influenza virus strains exhibited the 

highest tropism for this population, as demonstrated by NP (nucleoprotein) staining. 

Interestingly, the NP positive progenitor cells showed lower proliferation rates than the NP 

negative counterparts. When comparing different influenza virus strains (A/PR/8/34 H1N1, 

A/X-31 H3N2, A/California/7/2009 H1N1), we found differences in the progenitor cell 

proliferation rate which could be correlated to the disease severity and the percentage of 

infected alveolar epithelial cells. In summary, during influenza infection the local lung 

epithelial progenitor cell fraction was found to have higher proliferation and lower apoptosis 

rates compared to other lung epithelial cell subsets and all influenza virus strains tested 

showed a preferential tropism the progenitor cell population. 

 

Key words: lung epithelial progenitors, lung injury and repair  
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FGF10/FGFR2b-induced alveolar epithelial repair is impaired in severe influenza 

virus pneumonia 

 

J. Quantius1*, O.R. Gottschald1, J. Lohmeyer1, S. Herold1 

 
1Department of Internal Medicine II, Uniklinikum Giessen, Germany 

 

Influenza virus pneumonia is associated with apoptotic damage of the alveolar epithelial 

barrier and pulmonary edema. Efficient alveolar repair crucial for recovery is initiated by a 

coordinated mesenchymal-epithelial cross-talk resulting in proliferation of epithelial 

progenitor cells and transit-amplifying cells. Cell lineage tracing studies in lung injury models 

suggest that the adult lung comprises epithelial progenitor cells which are located at 

bronchioalveolar duct junctions and are resistant to damage, proliferate after injury in vivo 

and are multipotent in clonal assays. Although FGF10 plays a major role in lung development 

it is also known to have reparative and anti-apoptotic potential and contributes to the 

proliferation of precursor cells in vitro.  

Analysis of CD31- CD45- lung cells according to established surface marker expression 

reveals different epithelial populations with proliferative potential. Intratracheal application of 

recombinant FGF10 stimulates the proliferation of these epithelial populations in vivo. 

However, treatment with recombinant FGF10 directly before or four days post influenza virus 

infection had no proliferative or anti-apoptotic effect towards epithelial cell populations. 

Analysis of endogenous FGF10 and its receptor FGFR2b show a significant downregulation 

after influenza virus infection which might contribute to defective alveolar repair and 

progression of lung injury after severe influenza virus pneumonia. 

 

Identification of the signaling pathways involved in influenza virus-induced downregulation of 

the reparative FGF10-FGFR2b axis and analysis of the role of mononuclear phagocytes may 

result in new potential targets for intervention in severe influenza virus-induced lung injury. 

 

Key words: Lung injury, progenitor cells, alveolar repair, FGF10  
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