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The original version of this article unfortunately contained 
a mistake. Complete figure captions are missing. Figures 1, 
2, 3, 4 and  5 with complete figure caption are placed in the 
following pages: 

The original article can be found online at https ://doi.org/10.1007/
s0026 2-020-02544 -5.
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Fig. 1  Immune checkpoint blockade enhances tumour cell killing 
mediated by primary human lymphocytes. a Surface expression of 
HLA-ABC and PD-L1 on human breast cancer line MDA-MB-231 
is determined by FACS. b Primary human lymphocytes from 11 
donors are co-cultured with MDA-MB-231 cells ± αPD-L1 mAb. The 
resulted activation of CD8 + T cells, CD4 + T cells and NK cells is 
measured by FACS, and the levels of soluble IFNγ are measured by 
ELISA on day 6. c Correlations between activation of CD8 + T cells 
and CD4 + T cells or CD8 + T cells and NK cells are analysed with 

or without αPD-L1 mAb. d GFP-transfected MDA-MB-231 cells are 
cultured alone or co-cultured with increasing numbers of primary 
human lymphocytes, and growth inhibition is quantified in real time 
by IncuCyte. e MDA-MB-231 and primary human lymphocytes are 
cultured alone or in TICS with the addition of isotype control anti-
body, αPD-L1 or αPD-1 mAb, and the resulted cell death is quanti-
fied in real time using a caspase 3/7 green dye in the IncuCyte. Data 
are presented as mean ± SD based on 3 technical replicates. Statistical 
differences are analysed using paired T tests
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Fig. 2  Human ovarian cancer cell lines are responsive to nivolumab 
in TICS. a Surface expression of HLA-ABC or PD-L1 is measured 
on a range of human ovarian cancer cell lines and the average mean 
fluorescence intensity (MFI) values from 3 independent experiments 
are presented. b Selected human ovarian cancer cell lines are co-
cultured with primary human lymphocytes from 3 donors with iso-
type control antibody or nivolumab (10 μg/ml). MDA-MB-231 cells 
were also included as a positive control. Soluble levels of interferon-γ 

(IFNγ) are measured using ELISA on day 6. c Correlation between 
the percentages of activated CD8 + T cells and levels of soluble IFNγ 
are analysed in presence of isotype control or nivolumab. d Human 
ovarian cancer cell lines OVCAR4 or PEA1 are co-cultured with pri-
mary human lymphocytes in presence of isotype control antibody or 
nivolumab (10 μg/ml) in duplicate wells. Supernatants are collected 
and the levels of soluble IFNγ are determined by ELISA on day 2, 3, 
4, 5 and 6
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Fig. 3  HLA and PD-L1 regulate cancer-driven lymphocyte activa-
tion. a siRNA targeting human PD-L1 and IFNγ receptor decrease 
surface protein expression (n = 4, mean ± SD). b Treatment naïve 
PEA1 cancer cells are first treated with siRNAs and then tested in 
TICS with an isotype control antibody or nivolumab (10 μg/ml). The 
resulted levels of soluble IFNγ are measured on day 6 in 4 independ-
ent experiments (mean ± SD). c Selected human OC cell lines are 
treated with vehicle or a DNMT inhibitor (5 μM) and the expression 

of surface HLA-ABC and PD-L1 are measured by FACS. d Human 
OC cancer cell lines, Ovasho and Kuramochi, are treated with vehicle 
or indicated concentrations of DNMT inhibitor. On day 8, the cells 
are harvested and washed then tested in TICS with 3 primary donor 
lymphocytes. Levels of soluble IFNγ are determined on day 6. Each 
data point is shown as mean from two duplicate wells and as fold 
change from vehicle control. Statistical differences are analysed using 
paired T tests



1407Cancer Immunology, Immunotherapy (2020) 69:1403–1408 

1 3

Fig. 4  Reduced HLA expression in platinum resistant human OC 
cells limits PD-1 blockade. a Illustration of the generation of paired 
OC cell lines. b Activation of CD8 + T cells in TICS using the paired 
OC cell lines in presence of an isotype control antibody or nivolumab 
(10 μg/ml). Surface expression of c HLA-ABC and d PD-L1 is deter-

mined using FACS in 3 independent experiments. Representative 
histograms are also shown. Various lymphocyte-to-cancer cell ratios 
are tested in TICS using the e PEA-1/2 pair and f the PEO1/4 pair 
in presence of an isotype control antibody or nivolumab (10 μg/ml). 
Statistical analyses are performed using paired T test

Fig. 5  Treatment naïve primary OC cells respond to PD-1 blockade 
in TICS. a Surface expression of HLA-ABC and PD-L1 on 4 purified 
human OC ascites samples. b Primary OC cells are co-cultured with 

primary human lymphocytes in presence of an isotype control anti-
body or nivolumab (10  μg/ml) at different ratios in duplicate wells. 
The resulted soluble IFNγ levels are determined on day 6 by ELISA
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Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
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