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Primary role of immune system:

It protects us from ~1,400 infections with: 

• Viruses

• Bacteria

• Fungi

• Worms

• parasitic protozoa

<< 1% total microbial species on planet

Promotes tissue cleanup, wound repair

Eliminates abnormal cells including malignant ones

Also promotes disease when dysregulated (allergies, 
autoimmunity, transplant rejection, etc.)
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Innate Immunity vs. Adaptive immunity

Innate immunity does not require prior sensitization, and little adaptation 
through life experience

limited numbers of distinct receptors; recognize highly conserved features of 
classes of microbes.

Adaptive immunity adapts to previous experience; Stronger protection following 
secondary exposure.

Very large number of distinct “antigen receptors” of T and B lymphocytes; 

generated by DNA rearrangement in each developing lymphocyte; 

clonal selection of lymphocytes recognizing antigen derived from microbe or self



Click to edit Master Subtitle style

Defining cell lineages within the immune system
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Innate lymphocytes are comprised of NK cells, NK T cells and gd T cells



NK cells are an evolutionary predecessor to T cells

NK cells: large, granular cells with pre-formed cytolytic vesicles; sense modulation of HLA class I as well as cytokines, chemokines and activating 

ligands; defend against ‘all’ microbes, tumors; critical for vascularization and arterial remodeling; pregnancy and promoting GVL after transplantation
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NK cell functions are coordinated across specialized subsets -

Example: acute myeloid leukemia (AML)
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NK cell activation is regulated by the collective strength of 

inhibitory and activating signals

Horowitz, 2012 Front Immunol
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Hypothesis: Expression of HLA-ABC and HLA-E on tumor cells will determine the capacity for NK cell and CD8 T 
cell reactivity to tumors
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Quality of early tumor control determines 
availability of tumor epitopes for antigen 
presentation and priming of antitumor T cells
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How can NK cells be harnessed for treatment against cancers?

Adoptive cell transfer: autologous; allogeneic; NK cell lines; CAR NK cells

Cytokines: IL-2; IL-15; IL-15SA-IL-15Ra-Su-Fc (ALT-803)

Anti-cancer agents: IMiDs; Bortezomib and genotoxic agents; GSK3 inhibitors

 Targeting immune-suppressive pathways: Treg depletion; TGF-b blockade

Agonists of NK-cell activating receptors: tumor-targeting mAbs; BiKEs and TriKEs; mAbs to CD137

Checkpoint inhibition: mAbs to KIRs (IPH2101 and Lirilumab); mAbs to NKG2A (monalizumab), TIGIT, Tim-3
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Guillerey, 2016 Nat Rev Immunol

Adoptive NK cell transfer therapies

Li, 2018 Cell Stem Cell

NK-CAR-iPSCs-NK cells

hMesothelin

CD16, NKG2D, 2B4, CD137
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Therapies targeting activating NK receptors
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Therapies targeting activating cytokines, chemotaxic agents and Abs abrogating 

inhibitory signals

Guillerey, 2016 Nat Rev Immunol
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Therapies targeting checkpoint inhibitors

Guillerey, 2016 Nat Rev Immunol
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HLA-E expression on tumors may explain failure of checkpoint blockade monotherapies

Manguso, Nature, 2017 Innate Pharma, 2018
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NK cells (and CD8 T cells) are regulated by system of Immunogenetics

Robinson, 2017 PLoS Genetics

(IPD: Up to date list of HLA alleles)

Adapted from: Parham, 2012 Phil. Trans. R. Soc. B; 

Horowitz, 2016, Science Immunology



HLA-A, -B and –C contribute leader sequence-derived peptides to HLA-E

VMAPRTLLLVTAPRTLLL (~80% of HLA-B alleles)

X

Horowitz, 2016 Sci Immunol
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Inference of HLA-E expression from HLA-A and HLA-B genotypes

Ramsuran, 2015 Am J Hum Genet

Horowitz, 2016 Sci immunol
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Inference of HLA-E expression from HLA-A and HLA-B genotypes

Horowitz, 2016 Sci Immunol

Ramsuran, 2017 J Immunol

H
L
A

-B
m

R
N

A
 e

x
p

re
s
s
io

n

le
v
e

ls
 (

2
-Δ

Δ
C

t )

0.5

0.0

1.5

1.0

2.5

2.0
Fold change between highest and lowest = 1.2

R2= 0.22

P= 0.36

-21M

Allele

HLA-B is transcribed at very uniform levels

80% of alleles encode unsuitable HLA-E binding peptide: VTAPRTLLL

HLA-B alleles vary the availability of peptide as “yes” or “no”



Click to edit Master Subtitle style

Pipeline for examining prognostic effects of tumor HLA-E expression on survival

= Inferred HLA-E expression and 
NKG2A vs KIR education
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Figure 4. Progression-free survival analysis (PFS).
Association between inferred HLA-E expression and PFS in

436 newly diagnosed, treatment-naïve multiple myeloma

patients enrolled in the CoMMpass study. Indicated are the
numbers of patients and horizontal lines represent 95% CI.

P-value was calculated using Log-rank test.

 

Figure 1. Progression-free survival analysis. (A) viSNE

analysis of CD138-negative immune cells from bone marrow

(BM) colored by relative expression of CyTOF markers with

major cell lineages indicated. (B) Table listing the strategy for

inferring HLA-E expression. Patient HLA-A and –B

genotypes are examined for inferring HLA-E expression.

HLA-A alleles vary in mRNA transcription and are divided

into 4 groups ranging from low to high. HLA-B alleles differ

in their leader sequence peptide, providing good HLA-E

binding peptide , VMAPRTLLL (-21M), or a bad HLA-E

binding peptide, VTAPRTLLL (-21T). Collectively, HLA-A

and –B can predict HLA-E cell-surface expression.
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MMRF CoMMpass study: treatment-naïve multiple myeloma patients

Unpublished

CoMMpass cohort: 1,150 treatment-naïve patients
• HLA class I genotype
• Clinical data
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MMRF CoMMpass study: treatment-naïve multiple myeloma patients

Unpublished

C2+ HLA-C alleles are in strong linkage disequilibrium with HLA-A and –B alleles 

promoting weak cell-surface expression of HLA-E
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Confirming HLA-E expression by IHC on bone marrow core biopsies by 

cell segmentation and single cell analysis
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Mass cytometric analysis of 30 CoMMpass patients:

Recruited for hypermutation vs non-hypermutation

Unpublished
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TCGA Analysis of Genitourinary cancers:

Bladder Urothelial Carcinoma and Clear Cell Renal Cell Carcinoma

Unpublished
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Lessons and Take Home Messages
• Innate lymphocytes bridge the innate and adaptive immune responses

• Collectively survey environment for cell-surface bound and soluble stimuli as well 
as for modulation of HLA class I molecules

• NK cells display broad range of effector functions that are mediated by 
specialized subsets

• NK cell activation is determined through the collective strength of activating and 
inhibitory signals but tightly regulated through HLA class I

• Innate lymphocytes are critical for amplifying and sustaining inflammation until 
antigen-specific T cells and B cells expand to sufficient numbers 

• Innate lymphocytes are increasing focus for immunotherapies as strategy for 
tumor killing and potentiating memory T cells and B cells


