The high expression of NKG2D ligands on tumor and non‐tumor cells and a lack of surface expression on healthy
tissues provide a strong rationale to support NKG2D‐based therapeutic approaches for cancer.
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BACKGROUND
The NKG2D receptor is a type II transmembrane glycoprotein playing an important role in anti-tumor
responses [1]. In humans, NKG2D binds to eight stress-induced ligands, MHC class I–related chain MICA and
B and unique long 16 (UL16)-binding proteins ULBP 1-6 [1]. The surface expression of NKG2D ligands
(NKG2DL) is highly regulated to avoid inappropriate immune responses in physiological conditions but is
induced by various stress situations such as malignant transformation, viral infection, inflammation [2].
NKG2DL expression on tumors has been reported in the literature [3]. However, a systematic study on all
NKG2DL in a large array of normal tissues and tumor samples is lacking. Celyad is pursuing the clinical
development of NKG2D based chimeric antigen receptor (CAR) T cell therapy [4] and robust data are thus
required to adequately support this work.

Table 1: Clinicopathological characteristics of cancer patients (n(%))
Variable

Bladder (n=23)

Breast (n=31)

Colorectal
(n=25)

Ovarian
(n=25)

Pancreatic
(n=22)

I

0 (0%)

5 (16%)

6 (24%)

0 (0%)

0 (0%)

II

0 (0%)

18 (58%)

18 (72%)

0 (0%)

0 (0%)

14 (61%)

8 (26%)

1 (4%)

24 (96%)

2 (9%)

9 (39%)

0 (0%)

0 (0%)

1 (4%)

20 (91%)

4 (17%)

6 (19%)

0 (0%)

0 (0%)

14 (64%)

19 (83%)

25 (81%)

25 (100%)

25 (100%)

8 (36%)

IV

RESULTS

An extensive immunohistochemistry study was conducted on a series of primary tumor samples from
bladder, breast, colorectal, ovarian and pancreatic cancers. 5μm sections cut from FFPE blocks were stained
for ULBP-1, ULBP-2/5/6, ULBP-3 and MICA/B in parallel using a standard immunohistochemistry protocol.
300 tumor cells were analyzed and the H-scoring method was applied as follows: H-score = (0 x % of
negative cells) + (1 x % weakly-stained cells) + (2 x % moderately-stained cells) + (3 x % markedly-stained
cells) (Range 0-300). IHC analysis was performed by a pathologist without prior knowledge of
clinicopathological data. A brief summary of the clinicopathological characteristics of cancer patients is
presented in Table 1.

>50%

In breast tumors, heterogeneous expression profiles for ULPBs, with negative-to-marked staining
noted across the tumor samples (Figure 1B). Of particular interest, moderate-to-marked membranous
staining for all four markers in triple-negative breast cancer samples (Figures 1C and 2C), making this
indication an interesting clinical target

•

In colorectal samples, heterogeneous profiles of expression for ULBPs while marked staining for
MICA/B (Figures 1D and 2D).

•

Ovarian cancer samples were the most heterogeneous for all NKG2DL (Figures 1E and 2E).

•

For pancreatic tumors, distinct expression profile between adenocarcinomas and neuroendocrine
carcinomas: marked staining for all ligands, with the exception of ULBP3 within adenocarcinomas (Figure
1F); within neuroendocrine carcinomas, heterogeneous staining in terms of presence/intensity, and less
intense than in adenocarcinomas (Figure 1G).

•

Overall, MICA/B are the most frequent and highly expressed NKG2DL among all tumors evaluated in
that study.

Figure 3 summarizes the global expression of all NKG2DL evaluated:
• for all tumor types analyzed in that study, at least one positive can be observed with a moderate-to-high
H-score.
• in bladder, triple negative breast and pancreatic tumors, tumor cells frequently and strongly stained for
multiple ligands potentially suggesting that these tumors could still be targeted even in case of
loss/shedding of one or another ligand.
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FIGURE 3: Multiple NKG2DL are expressed on solid tumor cells
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The percentage of samples negative for all stainings, positive for at least one, two, three or for the four stainings are represented for each
cancer type (bladder, breast, subset of triple negative breast (TNBC), colorectal (CRC), ovarian and pancreatic). Samples with a high or medium
H‐score only have been taken into consideration for this representation . Green: 51 to 100% of samples evaluated; orange: 26 to 50% of samples
evaluated; red: less than 25% evaluated

G- pancreatic neuroendocrine
carcinomas

In parallel of the tumor samples, the same IHC study was conducted on post mortem normal tissues.
A range of tissues/organs displayed positive staining within specific cell types (Figure 4) and this was
apparent for all NKG2DL examined. However, the staining was predominantly cytoplasmic, with the
exception of specific cell types, notably epithelial or epithelial-derived, which displayed weak membranous
staining. These data thus confirm the previously published data. This was particularly consistent within the
following tissues/cell types: cortical cells of the adrenal gland, mucosal cells of the colon, renal tubular
epithelial cells, hepatocytes, alveolar macrophages in the lung, exocrine cells of the pancreas, gastric
mucosal cells. It has to be noted that these samples were post mortem samples being therefore subject to
a certain level of stress and particularly hypoxia that could have induced non-specifically certain levels of
ligand expression.
Of note, fibrovascular cells of all organs evaluated were invariably negative for NKG2DL at the membrane.
Furthermore, some tissues were completely negative for NKG2DL expression including brain, heart or
muscle. Overall, these data confirm the limited weak cell surface expression of NKG2DL on normal tissue
with the expression seen largely limited to epithelial surfaces.

CONCLUSION
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Moreover:
• no clear correlation between the expression of the ligands and the clinical stage of the tumor
samples, whatever the tumor type, except in colorectal cancers where MICA/B expression was
increased and ULBP1 expression was decreased in stage II versus stage I tumors.
• Tumor-associated fibrovascular structures stained within the endothelial compartment (weak to
strong depending on the NKG2DL and the tumor type).
• Tumor-associated immune infiltrates generally positive for all stainings, but expression localized to
the cytoplasmic compartment. However, lymphocytes have limited non-nuclear component in
sections, and therefore membranous staining cannot be discounted

Expression of NKG2DL on normal tissues

FIGURE 1: Intensity and frequency of NKG2DL expression on tumor cells

Figures 1 and 2 show that :
• In bladder tumors, membranous staining generally minimal-to-moderate for ULBP1 and ULBP3, being
marked for ULBP2/5/6 and MICA/B in the majority of specimens (Figures 1A and 2A).
• Comparable staining profile between metastases and primary tumors for bladder cancer (Figure 2A and
B), indicating that therapies targeting NKG2DL could potentially kill primary tumors and metastases
assuming that they are accessible.
•
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RESULTS

FIGURE 2: NKG2DL are highly expressed on tumor cells from different solid
tumors
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Figure 4: NKG2D ligands can be expressed on epithelial surfaces mainly intraCellularly or at low levels
A- Bladder: MICA/B

B- Breast: ULBP2/5/6

In conclusion, our data demonstrate that:
- NKG2DL expression can be observed on normal tissues, especially on epithelial cells albeit primarily
intracellularly and at much lower levels than tumor cells.
-

NKG2DL is broadly expressed on all solid tumor types tested in that study, MICA/B being the highest and
most frequent ligand being expressed.

-

NKG2DL are also expressed specifically on tumor-associated fibrovascular structures, especially at the
membrane of endothelial cells. This expression was restricted to tumor samples and not observed in
normal tissues. This raises the concept that tumor neovascular targeting in the human may be a
potential mechanism of action of human NKG2D CAR T cell therapy like in preclinical studies [5].

Percentage of samples positive for membranous expression of each ligand within bladder primary tumors (A), breast primary tumors (B), triple
negative breast tumors (C), colorectal primary tumors (D), ovarian primary tumors (E), pancreatic primary adenocarcinomas (F; n=15) or
neuroendocrine carcinomas (G; n=6). White represents samples negative for the corresponding staining, light grey represent samples with a
low H‐score, medium grey represents samples with a moderate H‐score and dark grey represents samples with a high H‐score
AFFILIATIONS: 1Celyad, SA, Mont-Saint-Guibert, Belgium, 2PathCelerate Ltd, Alderley Edge, Cheshire, UK
REFERENCES:

[1]. Lanier LL. Cancer Immunol Res 2015; 3:575-82
[2] Raulet DH, et al. Immunology 2013; 31:413-41.
[3] Le Bert N, Gasser S. Immunol Cell Biol 2014; 92: 230-6.
[4] poster 1178P - Tackling fratricide to manufacture clinical
grade NKG2D-CAR T cells for cancer therapy
[5] Zhang T, et al. J Immunol 2013; 190: 2455-63

[6] Demoulin B, et al. Future Oncol 2017; 13: 1593‐1605
[7] Lonez C, et al. BMJ Open 2017; 7: e017075
[8] Poster 612TiP - Phase I studies assessing the
safety of a NKG2D-based CAR-T therapy, CYAD-01,
in metastatic colorectal cancer

C- Colon: MICA/B

D- Ovarian: ULBP3

E- Pancreas: ULBP1

NKG2DL are expressed in tumor-associated immune infiltrates. This warrants further investigation in
humans to show if a NKG2D-based therapy could potentially target immunosuppressive cells of the
tumor micro-environment, as previously demonstrated in mouse preclinical models using a NKG2Dbased CAR T cell therapy [6].
Overall this study validates NKG2DL as potential important therapeutic targets in many solid tumors. These
targets are currently under clinical evaluation in different clinical trials: THINK (NCT03018405) [7-8], SHRINK
(NCT03310008), DEPLETHINK AML and CRC, alloSHRINK (NCT03692429).

