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BACKGROUND
• Natural killer (NK) cells eliminate tumor cells via antibody-dependent cellular cytotoxicity (ADCC); high levels of circulating 

and intra-tumoral NK cells correlate with favorable prognosis in various cancers1–3

• NK cell density is often reduced in tumors, and the activity of remaining NK cells can be subdued by an 

immunosuppressive tumor microenvironment; novel therapies are required to restore and enhance NK cell function in 

patients4–6

• Innate cell engager (ICE) antibodies are tetravalent, bispecific, and augment NK cell activity by binding both to an 

activating receptor on NK cells and a specific tumor antigen7

• ICE antibodies enhance activation and redirection of NK cells to tumors, thus enhancing anti-tumor ADCC7,8

• Pre-complexing of ICE antibodies with NK cells may represent a promising therapeutic strategy to enhance 

NK cell-mediated tumor elimination in patients

OBJECTIVES

To investigate the suitability for cryopreservation of NK cells pre-complexed with ICE antibodies by 

assessing the ability of ICE/NK cell complexes to maintain specificity and ADCC activity towards 

tumor cells 

RESULTS

CONCLUSIONS

• ICE/NK cell complexes maintain their anti-tumor efficacy following 

one freeze-thaw cycle, demonstrating their potential for 

cryopreservation

• CD16A-specific ICE demonstrate greater retention on NK cells and 

induce more potent and efficacious tumor cell lysis than ICE 

antibodies recruiting NK cells by binding to NKp46 or NKG2D 

• These data support the rationale for the pre-complexing and 

cryopreservation of ICE and primary NK cells (CAR-like NK-cell 

products) for adoptive transfer without the loss of specificity or 

efficacy, potentially allowing the development of an off-the-shelf 

ICE/NK cell therapy for the treatment of patients with cancer

• AFM13, CD30/CD16A-targeting ICE, pre-complexed with cord blood-

derived NK cells is being investigated for the treatment of CD30+ 

lymphomas in an ongoing Phase I/IIa clinical study (NCT04074746)9

Strategy for the development of off-the-shelf, cryopreserved pre-complexed 

ICE/NK cell therapies

Schematic to demonstrate a potential pipeline for the development of cryopreserved, off-the-shelf 

pre-complexed ICE/NK cell therapies. 

ICE antibodies bind effectively and specifically to their respective recombinant NK cell receptors

NK cells pre-complexed with ICE antibodies induce efficacious and specific

tumor cell lysis following cryopreservation

ICE antibodies effectively bind to primary NK cells

Primary human NK cells were incubated with serial dilutions of EpCAM/CD16A ICE, anti-EpCAM

IgG1, anti-EpCAM Fc-enhanced IgG1, and CD30/CD16A ICE (left), and Ep-CAM/NKp46 and 

EpCAM/NKG2D ICE antibodies (right) at 37°C, and cell surface-bound antibodies were detected 

using a FITC-conjugated goat anti-human IgG Fc followed by flow cytometry analysis. All ICE 

antibodies effectively bound NK cells. Higher MFI values for the EpCAM/CD16A and CD30/CD16A 

ICE antibodies reflect greater CD16A expression levels on the surface of NK cells than NKG2D and 

NKp46. FITC, fluorescein isocyanate; MFI, median fluorescence intensity.

ICE antibodies induce no or low levels of 

NK cell fratricide

Calcein-labeled primary human NK cells were co-cultured with 

autologous NK cells at an E:T ratio of 1:1 and incubated for 4 hours 

in the presence of serial dilutions of the indicated ICE antibodies. 

Calcein release was quantified, and percentage of specific lysis 

calculated. Mean of duplicate values ± SD are shown. Fratricide 

induced by ICE antibodies was substantially lower and less potent 

than of anti-CD38 IgG1. E:T, effector:target; SD, standard deviation.

ICE antibodies induce potent, specific, and efficacious tumor cell lysis when applied to co-cultures of primary 

NK cells and tumor cells

Calcein-labeled KARPAS-299 (EpCAM-/CD30+) and HCC-1187 

(EpCAM+/CD30-) cells were co-cultured with enriched primary human 

NK cells as effector cells at an E:T ratio of 5:1 in the presence of serial 

dilutions of the indicated antibodies for 4 hours. Calcein release from 

lysed target tumor cells was quantified and percentage of specific 

tumor cell lysis was calculated. Mean values of three independent 

experiments ± standard deviation are plotted. Tumor cell lysis was 

strictly dependent on the expression of a specific target antigen, 

demonstrating that the bivalent engagement of NK cells does not lead 

to NK cell activation nor off-target lysis of antigen-negative cells. All 

ICE antibodies induced target cell lysis in a concentration-dependent 

manner; however, fitting of sigmoidal dose-response curves was not 

possible for the EpCAM/NKG2D ICE. The EpCAM/CD16A ICE 

demonstrated the highest potency; anti-EpCAM Fc-enhanced IgG1 

also showed high efficacy of tumor cell lysis, however, its potency fell 

below that of both the EpCAM/CD16A and EpCAM/NKp46 ICE 

antibodies. E:T, effector:target.

.

ICE antibodies demonstrated substantially longer retention on NK cells than 

IgG1 or Fc-enhanced IgG1
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Binding affinity and specificity of bispecific ICE antibodies to 

immobilized recombinant human CD16A158V, CD16A158F, CD16BNA1, 

EpCAM, NKp46, or NKG2D antigens were determined using ELISA. 

Bound antibodies were detected with the HRP-conjugated anti-

lambda light chain-secondary antibody and measured in TMB 

substrate reactions at 450 nm. All EpCAM-specific ICE antibodies 

showed high-affinity, antigen-specific binding to EpCAM and their 

respective NK cell receptors. No cross-reactivity was observed with 

any of the ICE antibodies. The EpCAM/CD16A ICE exhibited higher 

affinity binding to both CD16A allotypes than anti-EpCAM IgG1 and 

Fc-enhanced control antibodies. 

ELISA, enzyme-linked immunosorbent assay; HRP, horseradish 

peroxidase; TMB, 3,3′,5,5′-tetramethylbenzidine.

Enriched primary human NK cells were pre-complexed with 100 µg/mL of EpCAM/NKp46, EpCAM/NKG2D, 

EpCAM/CD16A, anti-EpCAM IgG1, anti-EpCAM Fc-enhanced IgG1, and CD30/CD16A and incubated for the indicated 

periods of time at 37°C. Antibodies retained on NK cells were detected by flow cytometry. Normalized Median 

fluorescence intensity values were plotted. Data from one of three representative experiments are shown. 

EpCAM/CD16A, CD30/CD16A, and EpCAM/NKp46 ICE antibodies exhibited substantially greater retention on NK cells 

than anti-EpCAM IgG1 and anti-EpCAM Fc-enhanced IgG1. As such, these data suggested that the CD16A- and NKp46-

specific ICE antibodies may exhibit retention rates necessary for pre-complexing with NK cells and remaining bound 

following cryopreservation.

NK cells were pre-complexed with 10 µg/mL of EpCAM/NKp46, 

EpCAM/NKG2D, EpCAM/CD16A, anti-EpCAM IgG1, anti-EpCAM

Fc-enhanced IgG1, and CD30/CD16A and frozen at −80°C. As control 

samples, aliquots of the same NK cells were pre-incubated without an 

antibody (w/o pre-complexing) and subjected to one freeze/thaw 

cycle. Thawed NK cells were used as effector cells at the indicated 

E:T ratios with HCC-1187 and KARPAS-299 target cells. Where 

indicated, ICE constructs were freshly added to naked thawed NK 

cells at a concentration of 10 µg/mL. The mean ± standard deviation 

of duplicate lysis values were plotted. ICE antibodies pre-complexed 

with NK cells exhibited specific tumor cell lysis towards tumor cell 

lines, with the EpCAM/CD16A ICE displaying the highest efficacy 

(74.8% lysis). E:T, effector-cell-to-target-cell ratio; w/o, without.

KARPAS-299HCC-1187

Schematic depicting the binding of three of 

the ICE antibodies investigated in this study 

to their respective receptors on NK cells 

and to EpCAM on a tumor cell, resulting in 

activation and redirection of NK cells to a 

tumor cell, thus inducing ADCC towards 

tumor cells.

ICE antibodies mediate interactions between NK cells and tumor cells to 

facilitate anti-tumor ADCC 

KARPAS-299 HCC-1187


