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Differential expression of ICOS on circulating immune cells and tumour infiltrating lymphocytes in patients with solid tumours
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Introduction

ICOS is an inducible T-cell co-stimulator that is structurally and functionally
related to CD28/CTLA-4. ICOS is not expressed on naïve cells but is induced
upon T cell activation.

ICOS regulates both pro- and anti-inflammatory cytokine production by
effector and regulatory T-cells (TRegs), as well as T-cell proliferation and
survival.

ICOS is involved in the interaction between T- and B-cells (Ig class switching),
and in antibody responses to T-cell dependent antigens.

Figure 1: FACS analysis showing ICOS expression in the spleen and in CT26 tumours (n=7). Spleens and
tumours (~200mm3) were harvested and processed into single cells and stained for specific immune T-
cell markers and ICOS. (A) shows the percentage in the two tissues of CD8+ effector cells, CD4+/FOXP3-

effector cells and CD4+/FOXP3+ TRegs expressing ICOS. (B) Relative expression of ICOS (as determined
by the mean fluorescence intensity, MFI) on the cell subtypes as in (A) in spleens and tumours.
(C) Plots show the use of viSNE (Visualisation of t-distributed stochastic neighbour embedding) to
obtain a comprehensive single-cell view to distinguish the T cell subpopulations (CD3 cells) in
untreated CT26 tumours.

In mouse syngeneic tumours, ICOS expression levels vary in different
immune cell subtypes (Fig.1), being higher on immunosuppressive TRegs
(CD4+/FOXP3+) than on effector CD8+ T-Effector cells (CD8 + TEFF), and higher
in the tumour microenvironment (TME) than in the periphery (e.g. spleen).

High levels of intratumoural ICOS positive TRegs have been associated with
poor survival in several cancer types such as head and neck, ovarian,
hepatocellular carcinoma and gastric cancer [1-4]. The preferential high
expression of ICOS on intratumoural TRegs makes this protein a strong
candidate for a depleting antibody strategy.

We identified and characterised an IgG1 anti-ICOS antibody called KY1044 by
immunising Icos-/- IntelliSelect™ transgenic mice. We previously
demonstrated that KY1044 improves the TEFF cells to TReg cell ratio by
preferentially depleting ICOShigh intratumoural TReg and also by stimulating
ICOS positive TEFF cell. Overall, KY1044 was associated with strong anti-
tumour monotherapy and combination therapy efficacy in syngeneic models
[6].

The aim of this study is to further characterise the expression of
ICOS on different T cell subsets and in PBMC and solid tumours
using (1) in silico analysis of public datasets (2) flow cytometry
and scRNAseq analysis of primary samples and (3) IHC analysis
of ICOS expression in the context of FOXP3 positive cells or CD8
positive cells.
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• We have confirmed that FOXP3+ve regulatory T cells are the T cell subset have the highest expression of ICOS (mRNA and protein) both
in the blood and in the microenvironment of solid tumours. Intratumoural TRegs expressed the highest level of ICOS.

• Solid tumours such as head and neck cancer, oesophageal cancer, cervical cancer, non-small cell lung cancer, hepatocellular carcinoma,
pancreatic cancer and gastric cancer are infiltrated with high numbers of ICOS positive cells

• Tumours with a high content of ICOS positive cells can be differentiated by the expression of ICOS on FOXP3+ve vs FOXP3-ve cells and by
the relative CD8 to TReg cell ratio.

• A phase 1/2, open-label, multi-center study assessing the safety and efficacy of KY1044 as single agent and in combination with
anti-PD-L1 (atezolizumab) in adult patients with selected advanced malignancies is ongoing (NCT03829501).

Conclusions

Different immune contexture in tumours with high ICOS expression

A. An ICOS and FOXP3 IHC co-staining approach demonstrates different immune contexture phenotypes in solid tumours

Example of tumour with high ICOS on non-Tregs cells (FOXP3-ve )Example of tumour with high ICOS on Tregs cells (FOXP3+ve )

B. ICOShigh tumours are associated with different levels of ICOS+/FOXP3+ cells and CD8 effector to TRegs cell ratio 

Differential ICOS protein expression in solid tumours
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Cervix (Squamous cell carcinoma) n=20
Head & Neck (Squamous cell carcinoma) n=20

Lung (Squamous cell carcinoma and adenocarcinoma) n=16
Esophagus (Adenocarcinoma and Squamous cell carcinoma) n=20

Pancreas (Adenocarcinoma and duct adenocarcinoma) n=20
Breast (Invasive ductal carcinoma) n=20

Colon (Adenocarcinoma) n=18
Kidney (Clear cell carcinoma) n=20

Bladder (Urothelial carcinoma) n=20
Thyroid (Follicular and papillary carcinoma) n=20

Stomach (Adenocarcinoma) n=20
Ovary (Mucinous, serous and serous papillary adenocarcinoma) n=18

Uterus (Endometrioid adenocarcinoma) n=20
Melanoma n=7

Liver (Hepatocellular carcinoma) n=17
Testis (Seminoma) n=20

Prostate (Adenocarcinoma) n=20
Brain (Glioblastoma and Astrocytoma) n=15

Soft tissue (Fibrosarcoma and liposarcoma) n=20

% tumour cores grouped by high and low ICOS content
(compared to median)

% samples
% above median

% below median

ICOS is differentially expressed on T cells subsets in PBMC and in the tumour microenvironment
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Figure 2: High ICOS expression on the surface of TRegs (A) Chipcytometry analysis showing the percentage of ICOS positive T cells in PBMC isolated from six cancer patients. This confirmed that circulating TRegs
are the T cell subset associated with the highest percentage of ICOS positivity. TReg cells are followed by CD4 and then CD8 T cells which expressed the lowest levels of ICOS on their surface. As expected, memory
T cells expressed higher levels of ICOS than naïve T cells. (B) FACS analysis comparing the relative ICOS expression on CD4+, CD8+ and TRegs (CD4+/FOXP3+) in healthy donor PBMCs (n=5), NSCLC tumour
suspension samples (n=5) and matched NSCLC patient PBMCs (n=4). Intratumoural TRegs express higher levels of ICOS than other T cells subtypes in the TME. TRegs in the circulation express lower levels of ICOS
than intratumoural TRegs. *** = P value ≤0.001 and **** = P value ≤0.0001 (2-way ANOVA with Tukey’s multiple comparison).

A. B.

****
***

A. B. Solid tumours such head and neck cancer (HNSC), gastric
cancer (STAD), melanoma (SKCM), lung cancer (LUAD/LUSC)
and esophageal cancer (ESCA) are associated with high
expression of both icos and foxp3 mRNA.

Figure 4: TCGA dataset (The Cancer Genome Atlas)
(A) viSNE plots showing a comprehensive single-cancer view to

distinguish solid tumours from the TCGA dataset based on
tissue of origin (top left, each tumour type is represented by
a different colour), Icos (top right) and Foxp3 (bottom left)
expression. Red circle indicates tumour with low expression
whereas green circle represents tumour with high
expression of the gene of interest.

(B) Joyplot graph showing the combined Icos and Foxp3
expression in different solid tumour types from the TCGA
dataset. Combined expression was scored using single-
sample gene set enrichment analysis (ssGSEA) and density
distributions plotted by indications. Stacked histograms are
arranged by order of descending median ssGSEA score
(marked by vertical ticks). The TCGA standard cancer type
abbreviations were used (https://gdc.cancer.gov/resources-
tcga-users/tcga-code-tables/tcga-study-abbreviations).

A.

B.

Figure 5: ICOS is upregulated in the tumour microenvironment of several solid tumour types. (A) Representative image of a multi tumour microarray (TMA) stained by IHC using an anti-ICOS antibody (D1K2T).
ICOS positive cells are shown in brown. (B) Graph comparing ICOS expression (as measured by the number of positive cells per mm2) in the tumour microenvironment and matching healthy tissue. (C) Bar graph
showing the percentage of tumour cores with high or low ICOS expression (as determined by the median number of ICOS positive cells/mm2 in all the cores from the TMA).
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ICOS mRNA expression in 15 different T cells subsets from NSCLC patients PBMC and tumour samples 

The highest incidence of ICOS expression is observed in
intratumoural TRegs.

Figure 3: Single cell transcriptomic analysis of T cells from
NSCLC tumour and PBMC samples (n=5). A targeted panel of
immune-related genes were sequenced in each cell.
Sequenced cells were then classified into one of 15
immunological T cells subtypes based on published gene
signatures.

(A) Histograms showing ICOS mRNA expression in TReg, CD4
(non-TReg), CD8 and all other T cells subsets in PBMC
and tumours from NSCLC patient samples (n=5).

(B) Table showing the percentage of ICOS expressing cells in
different intratumoural T cell subsets and the frequency
of the T cells subsetswithin total T cell population.

A. B.

Figure 6: Solid tumours with high ICOS expression have different immune contexture (e.g. ICOS positive TRegs, CD8 content and CD8 to TRegs ratios). (A) Representative IHC
pictures of immunohistochemistry of tumour samples stained with ICOS (purple staining) and FOXP3 (brown nuclear staining, clone 236A/E7) showing two distinct phenotypes (B)
Graphs showing the number of ICOS+; ICOS+/FoxP3+ and CD8 T cells per mm2 and the quantification of CD8 to TReg cell ratio in a total of 995 tumour cores from 6 different tumour
types, including cervical (n=192), oesophageal (n=191), head and neck (n=69), lung (n=182), bladder (n=144) and gastric (n=217) cancers. Also shown is the percentage of
ICOS+FOXP3+ cells in the ICOS+ population and the FOXP3+ population. Graph was generated using GraphPad Prism 7.02, where black lines represent the median ±95% Cl calculated
for each indication.
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