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Background: Natural Killer (NK) cells expanded using irradiated K562 cells

engineered to express membrane-bound IL-15 and 4-1BBL (K562-mb15-4-

1BBL) have been employed in the clinic [1]. Expansion upregulated activating

NK cell receptors and increased NK cytotoxicity against tumor cells. Expanded

NK cells can be engineered to express chimeric receptors to further improve

their cytotoxicity. Chimeric receptors commonly incorporate an antigen binding

domain, a costimulatory domain (i.e. 41BB, CD28) and a CD3ζ signaling

domain. Receptor structure can bias engineered cells to chronic activation and

exhaustion [2,3], and can regulate metabolic pathways that influence cell

phenotype and function. Characterization of NK cells expressing activating

Chimeric Receptors (aCRs) may enable assessment of their clinical potency.

We therefore evaluated the phenotypic characteristics of expanded and

engineered NK cells and investigated signatures of activation or exhaustion

upon antigen stimulation.

Material and Methods: NK cells from peripheral blood mononuclear cells

were expanded on irradiated K562-mbIL15-41BBL cells and transduced with

NKG2D based chimeras (NKG2D.aCR) and mbIL15. The expression of

relevant receptors on expanded and transduced NK cells was assessed by

flow cytometry. To evaluate the impact of tonic aCR chimeric receptor signaling

versus antigen-driven stimulation on NK activation, we analyzed gene

expression after stimulation with either isotype or anti-NKG2D coated beads

using a Nanostring immune function panel.

Results: Ex vivo expansion generates potent, activated NK cells with high

expression of NKG2D, Nkp30, Nkp44, Nkp46, CD69, CD25, and DNAM-1

activation markers and decreased expression of KLRG1 and CD158b inhibitory

receptors. Expanded NK cells also upregulated TIGIT and TIM-3 expression,

markers associated with functional exhaustion. However, expanded NK cells

retained enhanced tumor cell cytotoxicity and cytokine production.

NKG2D.aCR construct expression induced tonic signaling in engineered NK

cells characterized by the upregulation of genes involved in cell survival (Bcl-

2), cell activation (CD25) and cell mediated cytotoxicity (TRAIL).

NKG2D engagement further enhanced expression of anti-apoptotic genes, and

genes encoding cytokines and chemokines required to control cell cytotoxicity

(INF-γ, TNF-α) and recruitment to tumor sites (XCL1, CCL3, CCL4). Lastly,

NKG2D stimulation of engineered cells led to a significant increase in the

expression of TNF family members (41BB, Ox40L, Ox40, TRAIL). Increased

41BB, Ox40L and TRAIL expression was confirmed by flow cytometry and

correlated with enhanced cytotoxicity. Our data suggest that, upon stimulation,

NKG2D.aCR cells are highly activated with greater longevity. Moreover, our

data allow the identification of biomarker candidates that reflect NK.aCR

potency.

CONCLUSIONS
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Figure 1: Nkarta Natural Killer (NK) cell platform showing ex vivo (NK) cell 

expansion, activation and genetic modification procedures 

Figure 3: Importance of the NKG2D pathway in immune surveillance of 

cancer.

B.A.    Human NKG2D complex

Lewis L. Lanier Cancer Immunol Res 2015;3:575-582

• NKG2D is an activating receptor that is expressed on NK cells and subsets of T cells.

• NKG2D binds to numerous protein ligands that are upregulated and displayed on the surface in

cells undergoing stress, excessive proliferation, or transformation, resulting in NK-mediated

cytotoxicity of these abnormal cells and the secretion of cytokines and chemokines to enhance the

immune response.

Schematic diagram showing all human

NKG2D ligands identified to date

Figure 5: Nkarta NKG2D based chimeras (NKG2D.aCR) 
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Figure 4: Characterization of K562-mb15-41BBL- expanded NK cells on Day7

and Day 12 post expansion 

Figure 2: A balance of signals delivered by activating and      

inhibitory receptors regulates the recognition of healthy 

and tumor cells by NK cells.
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Figure 6: Co-expression of mbIL-15 and NKG2D.aCR induces upregulation 

of genes associated with cell survival and activation
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Figure 7: Increased activation and cytotoxicity of engineered NK cells upon NKG2D stimulation  
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Fig.4 Activated phenotype of expanded NK cells is
maintained past day 7 to day 12 post expansion. (A-C)
NK cells from different donors were expanded with
irradiated K562-mbIL15-41BBL stimulatory cells for 7
(n=9, blue squares ) and 12 (n=5, red triangles) days.
Thawed PBMCs (Day0, black dots) correspond to
baseline control.
(A) Percentages of NK (CD56+CD3-), NKT
(CD56+CD3+), and T (CD56-CD3+) cells in NK expansion
cultures.
Percentages of activating receptors CD16, NKG2D,
NKp30, Nkp44, Nkp46, CD69, CD25 and DNAM-1 (B)
and of inhibitory receptors CD158b, KLRG1, NKG2a,
PD1, TIGIT, and TIM-3 (C) positive NK cells at day7 and
day12 post expansion when compared to baseline.
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B.

Fig.6 (A-B) Upregulation of activation markers on engineered NK cells. A. Differential gene expression in engineered NK cells. Volcano plots displaying
gene’s-log10 (p-value) and log2 fold change for NKG2D.aCR (Left) and NKG2D.aCR.mbIL15 (Right) compared to GFP control. Blue boxes represent
common selected genes in both analyses. Gene in Red box (BCl2) is uniquely overexpressed in NKG2D.aCR.mbIL15 NK cells B. Expanded NK cells from
different donors (n=3-6) were transduced with GFP control and NKG2D.aCR constructs. Percentages of CD25, TIM3 and TRAIL positive engineered NK
cells were assessed by flow cytometry four days post transduction.
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Fig.7 (A-B) Heatmaps of selected
genes differentially expressed in
NKG2D-stimulated
NKG2D.aCR.mbIL15 (A) and
NKG2D.aCR (B) compared to
Isotype-stimulated engineered NK
cells. The cutoff for Fold of change
is >2 and for significance is P< 0.1.
(n=2 per group).

(C-E) Engineered NK cells are
stimulated with isotype (–) or
NKG2D (+) coated beads at a
Cell:Bead ratio of 1:1 for 16H.
Expression of activation markers
Ox40L, 41BB and TRAIL (C) and of
LAMP-1 degranulation marker (E)
was assessed by flow cytometry.
(D) Quantification of IFN-γ, TNF-α,
sTRAIL, and GM-CSF in culture
supernatants using Luminex
technology.

(F) NKG2D.aCR NK cell cytotoxicity
on REH target tumor cells.
Cytotoxicity was calculated based on
live target cells after 2H co-culture
at an Effector:Target cell ratio of
1:1.

NKG2D- vs isotype-stimulated 

NKG2D.aCR.mbIL15  
NKG2D- vs isotype-stimulated 

NKG2D.aCR

F.

• Nkarta’s expansion and transduction platform generates highly

activated NKG2D.aCR engineered NK cells with greater longevity.

• Investigating NKG2D.aCR gene signatures allow the identification of

biomarker candidates that reflect NKG2D.aCR potency.

• NKG2D.aCR provides a robust approach to cancer therapy that can be

combined with existing therapies, and has potential for allogeneic or

autologous applications to ultimately improve outcomes for patients in

hematological malignancies and solid tumor settings.

CONTACT James Trager, PhD  jtrager@nkartatx.com www.nkartatx.com
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