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NK cell activation is regulated by the collective strength of
Inhibitory and activating signals
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NK cell functions are coordinated across specialized subsets -
Example: Viral infection
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NK cell functions are acquired, regulated and differentiated
as NK cells mature

FACTORS NECESSARY FOR TRANSITION THROUGH DEVELOPMENTAL CHECKPOINTS
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Education is regulated

by a bipartite system of

mmunogenetics

/
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HLA-A, -B and T C contribute leader sequence-derived
peptides to HLA-E
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KIR ligands on HLA class | are distributed
differently across human populations

Melanesia Americas
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HLA-A alleles are differentially transcribed, but HLA-B
alleles are uniformly transcribed

Fold change between highest and lowest = 3.8
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DT9 antibody distinguishes between alleles of HLA-C
and demonstrates differential expression
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KIR genes diversify both in gene content as well
as organization on a haplotype

KIR gene | 3DL3 | 2DL4 | 2DL5 | 3DL1/3DS1 | 3DL2 | 2DL1 | 2DL2/2DL3 | 2DS1 | 2DS2 2DS3/5 2DS4 | 2DP1 | 3DP1
Alleles 111 52 48 110/30 12 48 30/55 16 22 15/18 Ky 28 27
Allotypes 57 28 20 66/17 82 28 13/31 8 8 6/12 14 0 0
Ligand ? G? ? Bw4 A3M1| C2 C1lcz C2 | A11? ? A1l |exC1/C2| NA
Guethlein, Immunol Rev, 2015
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Immunogenetics and environment determine the extent
of diversity of NK cells

RESEARCH ARTICLE
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Single Cell Analysis - CyTOF™ Machine
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Mass Cytometry: Surface Panel
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Mass Cytometry: Intracellular / Functional Panel

Functional/ICS panel:
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Bool ean gating: o0l og
AANDoO, NnNORO and nANO
based on phenotypes and functions

Question: If clustering on 28 markers, how many
possible phenotype combinations can be predicted?

228 = 268,435,456




Boolean gating reveals thousands of phenotypes
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A These top 50 subpopulations account for only 15% of the total NK cells
A Sampled between 6,000 i 25,000 unique phenotypes/donor

A Sampled ~125,000 unique phenotypes across all donors Horowitz, Sci Trans| Med, 2013
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Genetics vs Environmental determinants of repertoire
diversity
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Population analyses of HLA class I
Alleles of HLA-A, -B and -C segregate in human
populations to modulate education through HLA-E
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(3 NCBI dbMHC

NCBI Resources Projects Accounts External Links Contact Us

I Anthropology Search Results

Search Criteria
Submitter: All

HLA-B: Al HLA-B HLA-C

HLA-C: All

Modify Search New Search Download Data —

* . * . * . * .

Population Pop. Area WAS HLAC B*15:03/ B*53:01 C*02:02/ C*04:01
Zambian Sub-Saharan Africa  15:03:01 53:01 02:02 04:01 *14 02 / B*41 02 C*04 01 / C*08 02
Zambi Sub-Sah Afri 14:02 41:02:01 04:01 08:02:01:01 . - - .
Z::b:grr: S:b-S:h::: Afzg 14:01:01 15:03:01 02:02 08:02:01:01 B ' ' ' '
Zambian Sub-Saharan Africa 42:01:01 45:01:01 16:01 17:01:01:01
Zambian Sub-Saharan Africa  53:01 57:02:01 04:01 18:01
Zambi Sub-Sah Afri 07:02 14:01:01 07:02 08:02:01:01 —
ngb::: Sﬁb-S:h::; Af:g 15:10:01 42:01:01 03:04 17:01:01:01 l N - 81204 genOtypeS
Zambian Sub-Saharan Africa 41:02:.01 42:01:01 17:01:01:01 17:01:01:01
Zambian Sub-Saharan Africa  18:03 57:03 04:01 18:01
Zambian Sub-Saharan Africa  15:01 44:05:01 02:02 03:03
Zambian Sub-Saharan Africa  40:01 51:01 03:04 16:01
Zambian Sub-Saharan Africa 04:01 07:01
Zambian Sub-Saharan Africa  13:01:01  35:01 03:03 03:04

Sampled 51 populations: HLA-B HLA-C G « A # of haplotypes

i Curated from Anthropological studies ap package | A Haplotype frequencies
P2T/ P2T Cc2/C2 > |A D6 values
P2M/ P2T c2/C1 R A X2values (P values)

N = 16,408 haplotypes
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C2*HLA-C and -21M HLA-B alleles segregate on
different HLA haplotypes in Eurasian populations

5,4(?[9 haplotypes

Proportion of total HLA B-C haplotypes (%) Five HLA-B -21M — C2*HLA-C haplotypes
Population - S -
grOUD HLA-B le\I;A ifA B -21T| [|HLA-B le\I;A g]L-A B -21T| Haplotype Haplotype Population Group
—_ —_ —_ — group plotyp group characteristics
African 0.13 0.39 0.13 0.36
European 0.01 0.39 0.27 0.33 = BM2:01 = CH17:01 = African-specific
Asian 0.01 0.18 0.19 0.61 I e — , HLA-B and
- B*81:01 = C*18:01 Africans HLA-C alleles
Australian 0.0 0.56 0.05 0.39 T
Oceanian 0.0 0.25 0.22 053 11— African-specific
_ II = B'8101 = C'04:01 = HLA-B allele and
North American 0.0 0.36 0.21 0.40 widespread HLA-C allele
South American 0.0 0.35 0.31 0.35 _,m All or part of the
I e e Asians haplotype arising by
I v B pvpwapes B introgression from
= B07:05 = C"15:05 = archaic humans

10,945 haplotypes




Hypothesis: -21M/T dimorphism divides
HLA haplotypes into two schools of
education:

A One biased to providing CD94:NKG2A ligands
A One biased towards providing KIR ligands




-21 HLA-B genotype correlates with
cell-surface expression of HLA-E
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HLA-A and HLA-E expression
correlates with HLA-B -21
amino acid variation
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Ramsuran*, Naranbhai*, Horowitz, In revision
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Why are the two most polymorphic
genes Iin our genome cooperating to

regulate expression on a very conserved
gene?




Visual tools for reducing data dimensionality are critical!
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Spanning-tree Progression Analysis of Density-normalized Events
(SPADE): requires transformation to reveal informative patterns
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SPADE analysis built on:

~20,000 CD94:NKG2A* NK cells from 60 donors
Cluster size range: 1-163 cells per cluster

Horowitz, 2016 Science Immunology



Transforming SPADE trees 1 n
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SPADE reveals greater diversity in the CD94:NKG2A*
NK repertoire in individuals with -21M HLA-B
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-21M HLA-B correlates with increased levels of inhibitory
NK receptors on CD94:NKG2A* NK cells
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-21M HLA-B correlates with increased proportion of
adaptive CD94:NKG2A* NK cells
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-21M HLA-B correlates with increased sensitivity
to signaling through FcgRIIIA
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-21M HLA-B correlates with increased sensitivity
to signaling through IL-2/15Rb
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HLA-A and HLA-E expression correlates with direction of
education and breadth of activation
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When can a protective response turn bad?




Examples of autoimmune and immune-related adverse events
associated with cancer immunotherapies and NK cells

Nervous system
Guillain—Barré syndrome
Myasthenia gravis
Encephalitis

Pituitary
Hypophysitis

Lungs
Thyroid Pneumonitis
Hypothyroid
Hyperthyroid

Immature NK cells

Heart
Myocarditis

Pancreas
T1D

Gastrointestinal
Colitis
Autoimmune hepatitis

Rheumatologic
Vasculitis
Arthritis

Skin
Vitiligo
Psoriasis
Stevens—Johnson syndrome
DRESS syndrome

June, Warshauer & Bluestone 2017 Nat Medicine




Differential effects of Immune checkpoint blockade on T
cells at different stages of differentiation/localization

Pembrolizumab (anti-PD-1)

Lymph node Nivolumab
Atezolizumab (anti-PD-L1)
Durvalumab
Naive T cell Avelumab
TCR
MHC

APC CD28 \ CTLA4 PD-1
B7
% e
Tremelimumab CTLA4
Ipilimumab %

Cell surface
tumor neoantigen

CART cell

June, Warshauer & Bluestone 2017 Nat Medicine




Potential mechanism of epitope spreading promoting
autoimmunity

TCR-Tcell  Tumor Tumor cell death
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NK cell exhaustion: A potential mediator of immune
dysregulation and autoimmunity
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Melanoma patients upregulate inhibitory receptors,
which may function similar to checkpoint inhibitors
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Melanoma patients downregulate activating receptors,
decreasing sensitivity to tumor target cells
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Melanoma patients display reduced sensitivity to IL-2 as
well as activation and proliferation

Di Silva 2014 Cancer Immunol Res



