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PSMA/NKG2DL tandem CAR T-cells to overcome antigen heterogeneity and improve anti-tumor efficacy against prostate cancer
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CONCLUSIONS

Prostate cancer is a highly common cancer that has the potential to be treated by immunotherapies. Here, we developed PSMA/NKG2DL tandem CAR T-cells that are fully functional in vitro against prostate cancer cell lines that are positive or negative for the tumor-associated antigen PSMA.  Specifically, we 

show that cytokine secretion, cytolytic activity and proliferation of PSMA/NKG2DL tandem CAR T-cells was as good as single CAR controls. These data provide a proof-of-concept that NKG2DL are valuable targets in a multispecific CAR approach to treat solid cancer indications.

© Celyad Oncology SA 2024 J.B., B.V., C.J.H., T.N. and E.B. are employed by Celyad Oncology SA. This poster is published for information only. 
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Figure 3: PSMA/NKG2DL tandem CAR T-cells secrete cytokines against PSMA+ and PSMA- cancer cell lines
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Figure 1: PSMA/NKG2DL tandem CAR is highly expressed

We designed a PSMA/NKG2DL tandem receptor by fusing the PSMA scFv to the extracellular domain (EC) of the NKG2D natural receptor. The 

latter was linked to 4-1BB and CD3ζ intracellular domains via a short hinge and a transmembrane domain derived from CD8α (Figure 1A). As 

shown on Figure 1B, most T-cells expressing the tandem were positive for NKG2D but only half of the cells were also positive for the PSMA-

binding entity. This indicates that steric hindrance might occur in this tandem design. 
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Figure 6: PSMA/NKG2DL tandem CAR T-cells repeatedly kill prostate cancer cell lines expressing PSMA or not
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Figure 4: PSMA/NKG2DL tandem CAR T-cells exhibit cytolytic activity against PSMA+ and PSMA- cancer cell lines

B

Functional activity of tandem CAR T-cells was evaluated against the PSMA+ prostate cancer cell line LNCaP and against the PSMA- prostate cancer 

cell line PC-3, as well as against PC-3 cells overexpressing PSMA. Both LNCaP and PC-3 cells express several NKG2DL (MICA, ULBP3 and ULBP2-

5-6) (Figure 3A). When co-cultured with PSMA+ cell lines, tandem CAR T-cells secreted IFN-γ at levels that were similar to PSMA single CAR T-cells. 

Importantly, secretion was maintained when tandem  CAR T-cells were incubated with the PSMA- cell line PC-3. Although levels were lower, IFN-γ was 

detected in PSMA single CAR T-cells not incubated with cancer cells, suggesting the existence of tonic signalling (mean+SD, n=6) (Figure 3B).

Figure 2: PSMA/NKG2DL tandem CAR expansion and phenotype is comparable to single CAR controls

In a co-culture assay performed at 1:1 (top) and 1:5 (bottom) E:T ratios, single and tandem CAR T-cells displayed cytolytic activity against the PSMA+ 

LNCaP and PC-3 PSMA cancer cells. In absence of PSMA, only NKG2DL single and tandem CAR T-cells controlled PC-3 growth. The slower PC-3 

growth in the 1:1 PSMA single condition further suggests the existence of tonic signalling in PSMA single CAR T-cells (mean±SD, n=6) (Figure 4).
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During the production process, tandem CAR T-cells expanded at a rate that is similar to single CAR controls (Figure 2A) and presented a CD4/CD8 

ratio similar to NKG2DL single CAR control (Figure 2B). T-cell phenotype of most tandem and NKG2DL single CAR T-cells were central memory 

cells (Figure 2C) and expressed the CD25 activation marker but not CD69 (mean or mean+SD, n=6) (Figure 2D).

BA C D

In a repeated stimulation assay with PC-3 PSMA, both single and tandem CAR T-cells were able to eliminate cancer cells for 4 successive rounds of 

killing. As expected, in absence of PSMA, PSMA single CAR T-cells did not show cytolytic activity while NKG2DL single and tandem CAR T-cells 

conserved a full killing activity (mean±SD, n=6) (Figure 6). 

Figure 5: PSMA/NKG2DL tandem CAR T-cells proliferate in presence of PSMA+ and PSMA- cancer cell lines

Proliferation of single and tandem CAR T-cells was evaluated after 3 days of co-culture at 1:5 E:T ratio with LNCaP, PC-3 and PC-3 PSMA. As 

expected, NKG2DL single and tandem CAR T-cells proliferated in co-culture with PSMA+ and PSMA- cancer cells. Surprisingly, PSMA single CAR T-

cells proliferated both in presence and absence of PSMA. This, together with a more differentiated phenotype and the antigen-independent secretion 

of IFN-γ, confirms that tonic signalling exists in PSMA single but not in tandem CAR T-cells (mean+SD, n=6) (Figure 5). 
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Figure 7: PSMA/NKG2DL tandem CAR T-cells secrete cytokines in presence of PSMA only

Unstained + antibody

Since LNCaP and PC-3 cells express NKG2DL, we evaluated the capacity of 

tandem CAR T-cells to be functional in presence of PSMA only by incubating T-

cells with plated-coated PSMA. As shown on Figure 7, PSMA single and tandem 

CAR T-cells secreted IFN-γ in presence of PSMA. When the experiment was 

performed with MICA, both NKG2DL single and tandem CAR T-cells secreted 

IFN-γ in an antigen-dependent manner. Again, IFN-γ was secreted by PSMA 

single CAR T-cells when incubated with MICA, which confirms the existence of  

tonic signalling.
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BACKGROUND

● Prostate cancer is the second most common cancer in men, and expresses well established tumor-associated antigens (e.g. PSMA and PSCA). 

● Chimeric antigen receptor (CAR) T-cell therapies have shown remarkable success in treating hematological malignancies. However, demonstrations of efficacy in solid cancer indications have been limited so far, largely due to antigen heterogeneity, antigen loss or modulation, and inadequate T-cell function. Hence, design of multispecific CAR T-cells, targeting several cancer antigens simultaneously, might be envisaged 

as one of the best options to overcome antigen heterogeneity in solid cancers. 

● Here, we describe our efforts to overcome these issues in prostate cancer by developing multispecific CAR T-cells targeting PSMA and NKG2DL.

● NKG2D ligands (NKG2DL) are eight stress-induced ligands expressed by cancer cells but absent from healthy cells. Given their expression in a large range of cancer indications, their tumor specificity, and the low likelihood of complete loss of all ligands at the same time, NKG2DL are attractive targets for multispecific CAR T-cells.

BACKGROUND

METHODS

● CAR T-cells were produced from healthy PMBCs. Briefly, PBMCs were activated on day 0 with TransAct and incubated with the respective retroviral vector on day 2. On day 6, transduced T-cells were enriched with CD34 magnetic beads and expanded for 4 days.  

● Cytokine secretion, cytotoxic activity and proliferation of PSMA/NKG2DL tandem CAR T-cells were evaluated in vitro against PSMA+/NKG2DL+ and PSMA-/NKG2DL+ cancer cells. 

METHODS
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