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Abstract


Natural killer (NK) cells are known for their ability to lyse tumour cell targets. Studies of infections by a number of viruses, including poxviruses and herpesviruses, have demonstrated that NK cells are vital for recovery from these infections. Little is known of the ability of viruses to infect and complete a productive replication cycle within NK cells. Even less is known concerning the effect of infection on NK cell biology. This study investigated the ability of ectromelia virus (ECTV) to infect NK cells in vitro and in vivo. Following ECTV infection, NK cell gamma interferon (IFN-γ) production was diminished and infected cells ceased proliferating and lost viability. ECTV infection of NK cells led to early and late virus gene expression and visualization of immature and mature virus particles, but no detectable increase in viable progeny virus. It was not unexpected that early gene expression occurred in infected NK cells, as the complete early transcription system is packaged within the virions. The detection of the secreted early virus-encoded immunomodulatory proteins IFN-γ-binding protein and ectromelia inhibitor of complement enzymes (EMICE) in NK cell culture supernatants suggests that even semi-permissive infection may permit immunomodulation of the local environment.






	
Received: 
01/06/2007

	
Accepted:
06/11/2007

	
Published Online:
01/03/2008


 





SGM







[image: Loading]
Article metrics loading...




/content/journal/jgv/10.1099/vir.0.83205-0

2008-03-01

2024-04-11


























Download as PowerPoint



[image: Loading full text...]
Full text loading...





/deliver/fulltext/jgv/89/3/751.html?itemId=/content/journal/jgv/10.1099/vir.0.83205-0&mimeType=html&fmt=ahah








References

	
[bookmark: R1]
Bai H., 
Buller R. M., 
Chen N., 
Green M., 
Nuara A. A.
2005;  Biosynthesis of the IFN- γ  binding protein of ectromelia virus, the causative agent of mousepox.  Virology 334:41–50 [CrossRef]


[Google Scholar]

	
[bookmark: R2]
Baraz L., 
Khazanov E., 
Condiotti R., 
Kotler M., 
Nagler A.
1999;  Natural killer (NK) cells prevent virus production in cell culture.  Bone Marrow Transplant 24:179–189 [CrossRef]


[Google Scholar]

	
[bookmark: R3]
Biron C. A., 
Byron K. S., 
Sullivan J. L.
1989;  Severe herpesvirus infections in an adolescent without natural killer cells.  N Engl J Med 320:1731–1735 [CrossRef]


[Google Scholar]

	
[bookmark: R4]
Brown M. G., 
Dokun A. O., 
Heusel J. W., 
Smith H. R., 
Beckman D. L., 
Blattenberger E. A., 
Dubbelde C. E., 
Stone L. R., 
Scalzo A. A., 
Yokoyama W. M.
2001;  Vital involvement of a natural killer cell activation receptor in resistance to viral infection.  Science 292:934–937 [CrossRef]


[Google Scholar]

	
[bookmark: R5]
Chaudhri G., 
Panchanathan V., 
Buller R. M., 
van den Eertwegh A. J., 
Claassen E., 
Zhou J., 
de Chazal R., 
Laman J. D., 
Karupiah G.
2004;  Polarized type 1 cytokine response and cell-mediated immunity determine genetic resistance to mousepox.  Proc Natl Acad Sci U S A 101:9057–9062 [CrossRef]


[Google Scholar]

	
[bookmark: R6]
Chehimi J., 
Bandyopadhyay S., 
Prakash K., 
Perussia B., 
Hassan N. F., 
Kawashima H., 
Campbell D., 
Kornbluth J., 
Starr S. E.
1991;  In vitro infection of natural killer cells with different human immunodeficiency virus type 1 isolates.  J Virol 65:1812–1822


[Google Scholar]

	
[bookmark: R7]
Chen W., 
Drillien R., 
Spehner D., 
Buller R. M.
1992;  Restricted replication of ectromelia virus in cell culture correlates with mutations in virus-encoded host range gene.  Virology 187:433–442 [CrossRef]


[Google Scholar]

	
[bookmark: R8]
Chisholm S. E., 
Reyburn H. T.
2006;  Recognition of vaccinia virus-infected cells by human natural killer cells depends on natural cytotoxicity receptors.  J Virol 80:2225–2233 [CrossRef]


[Google Scholar]

	
[bookmark: R9]
Daniels K. A., 
Devora G., 
Lai W. C., 
O'Donnell C. L., 
Bennett M., 
Welsh R. M.
2001;  Murine cytomegalovirus is regulated by a discrete subset of natural killer cells reactive with monoclonal antibody to Ly49H.  J Exp Med 194:29–44 [CrossRef]


[Google Scholar]

	
[bookmark: R10]
Delano M. L., 
Brownstein D. G.
1995;  Innate resistance to lethal mousepox is genetically linked to the NK gene complex on chromosome 6 and correlates with early restriction of virus replication by cells with an NK phenotype.  J Virol 69:5875–5877


[Google Scholar]

	
[bookmark: R11]
Drillien R., 
Spehner D., 
Bohbot A., 
Hanau D.
2000;  Vaccinia virus-related events and phenotypic changes after infection of dendritic cells derived from human monocytes.  Virology 268:471–481 [CrossRef]


[Google Scholar]

	
[bookmark: R12]
Earl P. L., 
Moss B., 
Wyatt L. S.
1998;  Generation of recombinant vaccinia viruses.  In Current Protocols in Molecular Biology  pp. 16.17.1–16.17.19 Chichester, UK: Wiley;


[Google Scholar]

	
[bookmark: R13]
Engelmayer J., 
Larsson M., 
Subklewe M., 
Chahroudi A., 
Cox W. I., 
Steinman R. M., 
Bhardwaj N.
1999;  Vaccinia virus inhibits the maturation of human dendritic cells: a novel mechanism of immune evasion.  J Immunol 163:6762–6768


[Google Scholar]

	
[bookmark: R14]
Esteban D. J., 
Buller R. M.
2005;  Ectromelia virus: the causative agent of mousepox.  J Gen Virol 86:2645–2659 [CrossRef]


[Google Scholar]

	
[bookmark: R15]
Falkner F. G., 
Moss B.
1990;  Transient dominant selection of recombinant vaccinia viruses.  J Virol 64:3108–3111


[Google Scholar]

	
[bookmark: R16]
Isobe Y., 
Sugimoto K., 
Yang L., 
Tamayose K., 
Egashira M., 
Kaneko T., 
Takada K., 
Oshimi K.
2004;  Epstein–Barr virus infection of human natural killer cell lines and peripheral blood natural killer cells.  Cancer Res 64:2167–2174 [CrossRef]


[Google Scholar]

	
[bookmark: R17]
Jacoby R. O., 
Bhatt P. N., 
Brownstein D. G.
1989;  Evidence that NK cells and interferon are required for genetic resistance to lethal infection with ectromelia virus.  Arch Virol 108:49–58 [CrossRef]


[Google Scholar]

	
[bookmark: R18]
Jenne L., 
Hauser C., 
Arrighi J. F., 
Saurat J. H., 
Hugin A. W.
2000;  Poxvirus as a vector to transduce human dendritic cells for immunotherapy: abortive infection but reduced APC function.  Gene Ther 7:1575–1583 [CrossRef]


[Google Scholar]

	
[bookmark: R19]
Karupiah G., 
Buller R. M., 
Van Rooijen N., 
Duarte C. J., 
Chen J.
1996;  Different roles for CD4+ and CD8+ T lymphocytes and macrophage subsets in the control of a generalized virus infection.  J Virol 70:8301–8309


[Google Scholar]

	
[bookmark: R20]
Kibler K. V., 
Shors T., 
Perkins K. B., 
Zeman C. C., 
Banaszak M. P., 
Biesterfeldt J., 
Langland J. O., 
Jacobs B. L.
1997;  Double-stranded RNA is a trigger for apoptosis in vaccinia virus-infected cells.  J Virol 71:1992–2003


[Google Scholar]

	
[bookmark: R21]
Kim S., 
Iizuka K., 
Kang H. S., 
Dokun A., 
French A. R., 
Greco S., 
Yokoyama W. M.
2002;  In vivo  developmental stages in murine natural killer cell maturation.  Nat Immunol 3:523–528 [CrossRef]


[Google Scholar]

	
[bookmark: R22]
Kim S., 
Poursine-Laurent J., 
Truscott S. M., 
Lybarger L., 
Song Y. J., 
Yang L., 
French A. R., 
Sunwoo J. B., 
Lemieux S.
other authors 2005;  Licensing of natural killer cells by host major histocompatibility complex class I molecules.  Nature 436:709–713 [CrossRef]


[Google Scholar]

	
[bookmark: R23]
Kirwan S., 
Merriam D., 
Barsby N., 
McKinnon A., 
Burshtyn D. N.
2006;  Vaccinia virus modulation of natural killer cell function by direct infection.  Virology 347:75–87 [CrossRef]


[Google Scholar]

	
[bookmark: R24]
Liszewski M. K., 
Leung M. K., 
Hauhart R., 
Buller R. M., 
Bertram P., 
Wang X., 
Rosengard A. M., 
Kotwal G. J., 
Atkinson J. P.
2006;  Structure and regulatory profile of the monkeypox inhibitor of complement: comparison to homologs in vaccinia and variola and evidence for dimer formation.  J Immunol 176:3725–3734 [CrossRef]


[Google Scholar]

	
[bookmark: R25]
Lusso P., 
Malnati M. S., 
Garzino-Demo A., 
Crowley R. W., 
Long E. O., 
Gallo R. C.
1993;  Infection of natural killer cells by human herpesvirus 6.  Nature 362:458–462 [CrossRef]


[Google Scholar]

	
[bookmark: R26]
Parker A. K., 
Parker S., 
Yokoyama W. M., 
Corbett J. A., 
Buller R. M.
2007;  Induction of natural killer cell responses by ectromelia virus controls infection.  J Virol 81:4070–4079 [CrossRef]


[Google Scholar]

	
[bookmark: R27]
Patel D. D., 
Pickup D. J., 
Joklik W. K.
1986;  Isolation of cowpox virus A-type inclusions and characterization of their major protein component.  Virology 149:174–189 [CrossRef]


[Google Scholar]

	
[bookmark: R28]
Sanchez-Puig J. M., 
Sanchez L., 
Roy G., 
Blasco R.
2004;  Susceptibility of different leukocyte cell types to vaccinia virus infection.  Virol J 1:10 [CrossRef]


[Google Scholar]

	
[bookmark: R29]
Scalzo A. A., 
Fitzgerald N. A., 
Simmons A., 
La Vista A. B., 
Shellam G. R.
1990;  Cmv-1, a genetic locus that controls murine cytomegalovirus replication in the spleen.  J Exp Med 171:1469–1483 [CrossRef]


[Google Scholar]

	
[bookmark: R30]
Seaman W. E.
2000;  Natural killer cells and natural killer T cells.  Arthritis Rheum 43:1204–1217 [CrossRef]


[Google Scholar]

	
[bookmark: R31]
Smith H. R., 
Heusel J. W., 
Mehta I. K., 
Kim S., 
Dorner B. G., 
Naidenko O. V., 
Iizuka K., 
Furukawa H., 
Beckman D. L.
other authors 2002;  Recognition of a virus-encoded ligand by a natural killer cell activation receptor.  Proc Natl Acad Sci U S A 99:8826–8831 [CrossRef]


[Google Scholar]

	
[bookmark: R32]
Yokoyama W. M., 
Kim S., 
French A. R.
2004;  The dynamic life of natural killer cells.  Annu Rev Immunol 22:405–429 [CrossRef]


[Google Scholar]








http://instance.metastore.ingenta.com/content/journal/jgv/10.1099/vir.0.83205-0

[image: Loading]





Primary naïve and interleukin-2-activated natural killer cells do not support efficient ectromelia virus replication


J. Gen. Virol. 89, 751 (2008); https://doi.org/10.1099/vir.0.83205-0


/content/journal/jgv/10.1099/vir.0.83205-0










/content/journal/jgv/10.1099/vir.0.83205-0


[image: Loading]
Data & Media loading...













Most read this month





Article

content/journal/jgv

Journal

5

3

false

en

[image: Loading]







Most cited



Most Cited RSS feed








	

	




 
Updated classification of norovirus genogroups and genotypes








Preeti Chhabra,
Miranda de Graaf,
Gabriel I. Parra,
Martin Chi-Wai Chan,
Kim Green,
Vito Martella,
Qiuhong Wang,
Peter A. White,
Kazuhiko Katayama,
Harry Vennema,
Marion P. G. Koopmans and
Jan Vinjé














	

	




 
ICTV Virus Taxonomy Profile: Parvoviridae








Susan F. Cotmore,
Mavis Agbandje-McKenna,
Marta Canuti,
John A. Chiorini,
Anna-Maria Eis-Hubinger,
Joseph Hughes,
Mario Mietzsch,
Sejal Modha,
Mylène Ogliastro,
Judit J. Pénzes,
David J. Pintel,
Jianming Qiu,
Maria Soderlund-Venermo,
Peter Tattersall,
Peter Tijssen and
ICTV Report Consortium














	

	




 
ICTV Virus Taxonomy Profile: Picornaviridae








R. Zell,
E. Delwart,
A. E. Gorbalenya,
T. Hovi,
A. M. Q. King,
N. J. Knowles,
A. M. Lindberg,
M. A. Pallansch,
A. C. Palmenberg,
G. Reuter,
P. Simmonds,
T. Skern,
G. Stanway,
T. Yamashita and
ICTV Report Consortium














	

	




 
Characteristics of the Microplate Method of Enzyme-Linked Immunosorbent Assay for the Detection of Plant Viruses








M. F. Clark and
A. N. Adams














	

	




 
ICTV Virus Taxonomy Profile: Hepeviridae 2022








Michael A. Purdy,
Jan Felix Drexler,
Xiang-Jin Meng,
Heléne Norder,
Hiroaki Okamoto,
Wim H. M. Van der Poel,
Gábor Reuter,
William M. de Souza,
Rainer G. Ulrich and
Donald B. Smith














	

	




 
A tale of two clades: monkeypox viruses








Anna M. Likos,
Scott A. Sammons,
Victoria A. Olson,
A. Michael Frace,
Yu Li,
Melissa Olsen-Rasmussen,
Whitni Davidson,
Renee Galloway,
Marina L. Khristova,
Mary G. Reynolds,
Hui Zhao,
Darin S. Carroll,
Aaron Curns,
Pierre Formenty,
Joseph J. Esposito,
Russell L. Regnery and
Inger K. Damon














	

	




 
Characteristics of a Human Cell Line Transformed by DNA from Human Adenovirus Type 5








F. L. Graham,
J. Smiley,
W. C. Russell and
R. Nairn














	

	




 
ICTV Virus Taxonomy Profile: Flaviviridae








Peter Simmonds,
Paul Becher,
Jens Bukh,
Ernest A. Gould,
Gregor Meyers,
Tom Monath,
Scott Muerhoff,
Alexander Pletnev,
Rebecca Rico-Hesse,
Donald B. Smith,
Jack T. Stapleton and
ICTV Report Consortium














	

	




 
ICTV Virus Taxonomy Profile: Adenoviridae 2022








Mária Benkő,
Koki Aoki,
Niklas Arnberg,
Andrew J. Davison,
Marcela Echavarría,
Michael Hess,
Morris S. Jones,
Győző L. Kaján,
Adriana E. Kajon,
Suresh K. Mittal,
Iva I. Podgorski,
Carmen San Martín,
Göran Wadell,
Hidemi Watanabe,
Balázs Harrach and
ICTV Report Consortium














	

	




 
Measles Virus RNA Detected in Paget's Disease Bone Tissue by in situ Hybridization








Michel F. Baslé,
Jean G. Fournier,
Shmuel Rozenblatt,
André Rebel and
Michel Bouteille














	

 More
 

 Less




























We Recommend










  Access key




	
[image: Subscribed] Subscribed content

	
[image: Open Access] Open Access content

	
[image: Free Trial] Free Trial content

	
[image: Frees] Free content









Are you eligible for an Open Access waiver?





[image: ]
Check if you are eligible for an Open Access fee waiver, available to authors in countries in the HINARI programme. To find out more click here





 


Discover the ICTV Virus Taxonomy Profiles





[image: ]
Browse the Journal of General Virology ICTV Virus Taxonomy Profiles – concise, review-type articles that provide overviews of the classification, structure and properties of individual virus orders, families and genera.

















Back to top




About Us

	Microbiology Society
	Our staff
	License agreements
	Terms and conditions
	Privacy policy
	Contact us





Publications

	Microbiology
	Journal of General Virology
	Journal of Medical Microbiology
	Microbial Genomics
	International Journal of Systematic and Evolutionary Microbiology
	Access Microbiology, an open research platform
	JMM Case Reports





Resources

	Information for authors
	Information for reviewers
	Information for librarians
	Open Access
	Ethics policies
	FAQs
	Rights and permissions
	Reprints and advertising
	

	









© 2024 Microbiology Society. Registered as a Charity in England and Wales 264017. A Charity registered in Scotland SC039250. Company Limited by Guarantee. Registered in England 1039582. 


[image: Powered by Ingenta Edify]





 





This is a required field



Please enter a valid email address


Approval was a Success

Invalid data

An Error Occurred

Approval was partially successful, following selected items could not be processed due to error


 




Microbiology Society:

http://instance.metastore.ingenta.com/content/journal/jgv/10.1099/vir.0.83205-0

10.1099/vir.0.83205-0

SEARCH_EXPAND_ITEM


 


 




















