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Class I+ tumors
grow in vivo

Class I- tumors
are rejected

Class I- tumors
in NK-depleted

mice grow in vivo

NK Cells Reject Tumors Lacking MHC Class I

NK cells like to kill cells lacking MHC class I – “missing-self”

Karre et al. 1986 Nature 319:675



Physiological role for NK cell recognition and elimination �
of MHC class I-negative cells

Virus Protein Effect on class I
Adenovirus E3-k19 Retain in ER
HSV-1,2 ICP47 Blocks TAP
EBV EBNA1 Block peptide generation
HCMV US2, US11 ER to cytosol
HCMV US3 Retain in ER
HCMV US6 Blocks TAP
HCMV US10 Degrades HLA-G
MCMV m152 Retain in ER
MCMV m04 Associates with H-2
MCMV m06 Lysosomal degradation
HHV8 K3, K5 Endocytosis 
HIV-1 Nef Endocytosis
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Tumors can escape CD8+ T cell surveillance by loss of MHC 
class I

*Membrane MHC class I expression on primary human 
melanoma cells ranges from 100 to 0% (median, 70%) 

Lack of MHC class I expression on most of malignant cells 
(>50%) was observed in 34 of 92 cases (37%)

Due to transcriptional down-regulation of HLA-A,-B,-C and 
β2-microglobulin –not mutation

Rodig SJ, et al.  Sci Trans Med 2018 10:eaar3342



How do MHC class I-negative tumors 
escape NK cell recognition and 

elimination?

How can we re-engage NK cells against 
these tumors? 





Why don’t NK cells kill HLA class I-negative
tumors arising in cancer patients? 

*Tumors lack ligands for activating receptors

*Redundant inhibitory receptors other than for 
class I dampen NK cell responses

*NK cells kill some tumors, but without cytokines 
don’t expand – then become “de-sensitized”

*Tumor microenvironment suppresses NK cell
(e.g. NK cells hate Transforming Growth Factor β)
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In vivo model of anergy NK cells 
induced in tumor MHC class I –negative 

tumor environment	
Tumor 

injection	

RMA
1×106	

☠	

Day0	 Day7	 Day14	

B2m-ko RMA
1×106	

Anergy NK cells are induced	

Sacrifice	

Day10	



NK cells infiltrating B2m-ko RMA 
tumor are hypo-responsive ex vivo	

Day 7,10
(n=6)	

control  anti-NK1.1
              stimulated

control  anti-NK1.1
              stimulated

control  anti-NK1.1
              stimulated

In progress – RNA-Seq on NK cells infiltrating RMA versus B2m-ko RMA



NK cells tolerate MHC class I-deficient hematopoietic 
cells in mixed bone marrow chimera

wildtype B6
(CD45.1)

B2m-/-  B6
(CD45.2)

wildtype
(CD45.1)

1000 Rads



Can NK cell tolerance to MHC class I-negative cells
be broken by NK cell activation? 

wildtype B6
(CD45.1)

B2m-/-  B6
(CD45.2)

 2-3 months
wildtype
(CD45.1)

WT:β2m-/

- chimeric 
mice

1000 Rads

Are B2m-/- cells 
rejected?  

  Viral 
Infection
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Engaging NK cells to kill MHC class I-negative tumors 

*Chronic exposure to MHC class I-negative tumors can
render NK cells tolerant

*Blocking KIR or NKG2A MHC class I inhibitory receptors
 alone in cancer patients may simply result in NK 
cell tolerance

*Activation of NK cells with cytokines (IL-12 and others) 
can brake the tolerance and allow kill of MHC 
class I-negative tumors

 
 
 



STRATEGIES FOR THERAPEUTICALLY 
MODULATING NK CELL FUNCTION



Ljunggren & Malmberg NRI 2007

Factors boosting NK cell lytic activity



Why don’t NK cells kill HLA class I-negative
tumors arising in cancer patients? 

*Tumors lack ligands for activating receptors

*NK cells kill some tumors, but without cytokines 
don’t expand – then become “de-sensitized”

*Redundant inhibitory receptors other than for 
class I dampen NK cell responses

*Tumor microenvironment suppresses NK cell
(e.g. NK cells hate Transforming Growth Factor β)
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Therapies that up-regulate stress-induced ligands on tumors

or agents that activate NK cells 
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Chemotherapy 

Interferon-α/β

IL-15

IL-12

Agonist co-stimulatory antibodies 
(e.g. CD137, NKG2D) 
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Melanoma patients with more 
“stimulatory” dendritic cells have better survival  



“stimulatory” dendritic cell gene expresssion
 tracked with FLT3LG cytokine expression 



FLT3LG expression correlates with NK cells in
melanoma and head & neck cancer patients 



Response to PD1 blockade in melanoma
correlates with NK cells and DC in TIL



Science 2018



NK cells are required for optimal chemotherapy 
(MEK and CDK4/6 inhibitors)

 in transplantable mouse KP lung tumor model



NK cell-dependent TNF is required for optimal chemotherapy 
(MEK and CDK4/6 inhibitors) in mouse transplantable KP lung tumor



NK cell-dependent TNF is required for optimal chemotherapy 
(MEK and CDK4/6 inhibitors) in mouse GEMM lung tumor model


