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Infectious Diseases are a Major Cause of Death Worldwide 



May 14th 1796



Prevalence of Smallpox in 2013



Vaccine is based on immunologic memory

Welsh R et al. Annu.Rev.Immunol. 2004



Immunologic memory: hallmarks of adaptive 
immunity

T cells & B cells : rearrangement of genes, antigen specific

� Developmental education

� Clonal expansion

� Longevity of memory cells

� Recall responses� Recall responses

NK cells memory?



Natural killer (NK) cells

• Cytolytic lymphocytes

• Derived from bone marrow

• Innate immune system:  NK cell receptors are encoded • Innate immune system:  NK cell receptors are encoded 
in the germline and do not undergo somatic 
recombination like B and T cell receptors

• NK cells are a key component of the innate immune 
system, providing early cellular defense against viruses 
and intracellular pathogens, and contributing to the 
early detection and destruction of transformed cells



The rheostat concept of NK cell responsiveness

Nature reviews/Immunology, 2012



David H. Raulet  NATURE REVIEWS | IMMUNOLOGY 2003
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Activating NK receptors in C57BL/6 (B6) mice
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Recent Studies of memory NK cells 

� Specific NK cell subsets - Ly49H+ NK cell memory to MCMV infection

Adaptive immune features of natural killer cells. Sun, J.C. et al. Nature, 2009.

• T cell- and B cell-independent adaptive immunity mediated by natural killer cells. O'Leary, J.G., 
et al.,. Nat Immunol, 2006

• Critical role for the chemokine receptor CXCR6 in NK cell-mediated antigen-specific memory of 
haptens and viruses. Paust, S., et al., Nat Immunol, 2010

� Non-specific NK cell subsets - hepatic NK cell memory to haptens and viruses

NK cells generate antigen-specific memory during viral infection or 
vaccination, and protect against subsequent pathogen infections 

haptens and viruses. Paust, S., et al., Nat Immunol, 2010

• Thy1 NK Cells from Vaccinia Virus-Primed Mice Confer Protection against Vaccinia Virus 
Challenge in the Absence of Adaptive Lymphocytes. Gillard, G.O., et al., PloS Pathog, 2011

Expansion of a unique CD57+NKG2Chi natural killer cell subset during acute human 
cytomegalovirus infection. Lopez-Verges, S., et al., Proc Natl Acad Sci U S A, 2011. 

� Human memory NK cells to CMV infection – CD57+NKG2Chi NK cells



Ly49H-m157 (MCMV)

� Memory NK cells are more mature:  high in Ly49H, KLRG1, CD43 and Ly6C, low in CD27. 

� Memory NK cell are more protective than naïve NK cells



Sun et al. Immunological reviews, 2010



� Hapten-sepcific memory NK cells 

� Thy1+,  Ly49C-I+ NK cells   

� Memory NK cells resided in the  liver 



A subset of hepatic NK cells that acquired antigen-specific memory of 
at least five structurally, chemically and biologically distinct antigens. 

� Adaptive immune responses mediated by this population depended 
on CXCR6, which was expressed on about half of the hepatic NK cells 



� Is NK cell memory a common phenomena during viral infections ?

� What is the properties of the memory NK cells ? 

� Is the memory confined to a certain subset of NK cells ( for 
example: tissue specific, or receptor specific, ets) ?

Unanswered questions

example: tissue specific, or receptor specific, ets) ?

� What epigenetic alterations account for the longevity and 
enhanced effector functions demonstrated by the memory NK cells ?

� Is it possible to vaccinate NK cells for enhanced host defense ? 



Orthopoxvirus (OPV)

• DNA viruses, ≈200 Kb, ≈200 proteins

• The genome among all OPV are highly conserved 
(90% overall) � strong antigenic cross reactivity

• Variola virus, humans � smallpox 

• Ectromelia virus (ECTV), laboratory mouse �
mousepox

• Vaccinia virus (VACV).  Poorly or non pathogenic in 
humans and mice  � Vaccine against both, 
smallpox and mousepox

• Cowpox virus � First vaccine



Advantages of the ECTV model

• ECTV is a mouse pathogen 

• Mousepox is very similar to smallpox

• Mousepox can be prevented by immunization with 
VACV

• Resistant mouse strains
C57BL/6 (B6),  129C57BL/6 (B6),  129
Mechanism of natural resistance:  
Role of T cells, Abs, NK cells, aging etc.

• Susceptible mouse strains
BALB/C, DBA/2J
Mechanisms of acquired resistance
Role of Immune Response Modifiers in virulence



LIVER

ECTV lympho-hematogenous dissemination
A peripheral ���� systemic infection

LIVER

SPLEEN



NK cell directly kill viral-infected cells + support 
strong adaptive T cell responses
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CD94-NKG2E recognizes ECTV infected cells in the 
presence of NKG2D and in a Qa-1b-dependent manner

CD94-NKG2E

Qa-1b-Peptide?

Fang M, Orr M, et al. 2011. Immunity

NKG2D: 
Co stimulating receptor



Anti-ECTV specific NK cell memory might be 
generated through expansion of CD94+ NK cells 
during viral infection

Unique system to investigate NK cell memory:

• Activating receptors involved are known

• Vaccine design 

• Systemically study the mechanisms involved in the regulation 
and maintenance of memory NK cells 



Memory NK cells protected susceptible 
neonatal B6 mice from ECTV infection 

w/ naïve NK 

cells

Neonatal B6 mice infected with 

6 PFU of ECTV-Luc

w/ memory 

NK cells



Memory NK cells significantly reduced mortality 
rate in neonatal B6 mice following ECTV infection



Future directions:

� Study the properties of the memory NK cells –
receptor specific? Organ specific? Surface markers?

� Identify the peptide that bind to Qa-1b during ECTV � Identify the peptide that bind to Qa-1b during ECTV 
infection – test for vaccine design

� Investigate the mechanisms involved in the 
regulation and maintenance of memory NK cells
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