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Abstract
PD-1 blockade therapy has revolutionized melanoma treatment, but still not all patients benefit and pre-treatment identi-
fication of those patients is difficult. Increased expression of inflammatory markers such as interleukin (IL)-6 in blood of 
patients correlates with poor treatment response. We set out to study the effect of inflammatory cytokines on PD-1 blockade 
in vitro. For this, we studied the effect of IL-6 and type I interferon (IFN) in vitro on human T cells in a mixed leukocyte 
reaction (MLR) in the absence or presence of PD-1 blockade. While IL-6 reduced IFN-γ secretion by T cells in both the 
presence and absence of PD-1 blockade, IFN-α specifically reduced the IFN-γ secretion only in the presence of PD-1 block-
ade. IFN-α reduced T cell proliferation independent of PD-1 blockade and reduced the percentage of cells producing IFN-γ 
only in the presence of PD-1 blockade. Next we determined the type I IFN score in a cohort of 22 melanoma patients treated 
with nivolumab. In this cohort, we did not find a correlation between clinical response and type I IFN score, nor between 
clinical response and IFN-γ secretion in vitro in a MLR in the presence of PD-1 blockade. We conclude that IFN-α reduces 
the effectiveness of PD-1 blockade in vitro, but that in this cohort, type I IFN score in vivo, nor IFN-γ secretion in vitro in 
a MLR in the presence of PD-1 blockade correlated to decreased therapy responses in patients.
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Introduction

PD-1 blockade revolutionized treatment of many cancer 
types by unleashing anti-tumor T cell responses that clear 
the tumors [1–3]. However, not all patients benefit from 
PD-1 blockade as treatment response varies heavily between 
patients, and some patients develop severe side effects 
known as immune-related adverse events [4–6]. Hence, pre-
diction of PD-1 blockade treatment response would greatly 
benefit patient care.

PD-1 is expressed on various immune cells, including 
monocytes, natural killer (NK) cells, B cells and T cells 
[7]. PD-1 is expressed on exhausted T cells and upregulated 
on naïve T cells following activation. Moreover, PD-1 pro-
vides negative feedback during T cell activation [7]. PD-1 
inhibits T cell receptor (TCR) signaling [7] and costimula-
tory signaling by CD28 [8], and ligation results in decreased 
cytokine production, proliferation and survival of T cells 
[9]. The ligands for PD-1, PD-L1 and PD-L2 are expressed 
by stromal cells and immune cells. Within the immune sys-
tem, PD-L1 and PD-L2 are expressed by myeloid dendritic 
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cells (DCs), and PD-L1 is expressed on plasmacytoid DCs 
and activated T cells [7]. In the tumor microenvironment, 
PD-L1 and PD-L2 expressed by tumor cells suppress tumor 
infiltrating T cells [10]. Hence, therapeutic blockade of PD-1 
removes a brake on anti-tumor responses by T cells.

PD-1 has two intracellular signaling domains, one immu-
noreceptor tyrosine-based inhibitory motif (ITIM) and one 
immunoreceptor tyrosine-based switch motif (ITSM) [11]. 
PD-1 predominantly recruits the phosphatase SHP-2 to sup-
press T cell activation [12]. The ITSM motif is shared with 
signaling lymphocytic activation molecule (SLAM)-family 
receptors that can relay either activating or inhibiting sig-
nals, depending on the presence of SLAM-associated pro-
tein (SAP) [13]. SAP can interfere with PD-1 function by 
protecting the tyrosine residues of PD-1 required for signal-
ing from deactivation by SHP-2 [14]. Intriguingly, expo-
sure to interferon (IFN)-α, interleukin (IL)-2, IL-12 and 
poly-I:C upregulates SAP expression and downregulates 
SHP-2 expression in NK cells [15], which may suggest a 
link between inflammation and PD-1 function and possible 
PD-1 blockade treatment outcome.

In melanoma patients, high serum concentrations of 
C-reactive protein (CRP) and the proinflammatory cytokine 
IL-6 before start of PD-1 blockade therapy correlate with 
poor treatment outcome [16–21]. In addition, type I IFN 
signaling has been associated with resistance to PD-1 block-
ade therapy in vivo through induced expression of nitric 
oxide synthase 2 and accumulation of intratumor regulatory 
T cells [22].

We hypothesize that pre-existing type I IFN or IL-6-re-
lated inflammation negatively impacts PD-1 blockade and 
hence therapy effectiveness. Therefore, we tested the effect 
of IFN-α and IL-6 on the effectiveness of PD-1 blockade 
in vitro on human T cells in a mixed leukocyte reaction 
(MLR). In melanoma patient peripheral blood mononuclear 
cells (PBMCs) we assessed whether the type I IFN score 
predicts treatment outcome.

Materials and methods

Reagents

All reagents used in this study are listed in Table 1.

Patients and controls

All participants provided written informed consent. Con-
trol donors were included in the in-house blood donor 
service with approval from the University Medical Center 
(UMC) Utrecht Ethical Committee of Biobanks (TC-
bio 18–774) and medical ethical committee (07–125/O). 
Treatment-naïve melanoma patients were included in the 

UNraveling Immune Checkpoint Inhibitor induced Toxic-
ity (UNICIT) cohort of the UMC Utrecht. The Biobank 
Review Committee of the UMC Utrecht gave ethical 
approval for the UNICIT biobank study (TC-bio 18–123) 
and granted permission for use of human biospecimens for 
the present study (TC-bio 19–704) [23].

Primary cell isolation, culture and differentiation

PBMCs were isolated by Ficoll density gradient. Mono-
cytes were isolated with magnetic activated cell sorting 
(MACS) human CD14 MicroBeads, and T cells with the 
MACS human pan T cell isolation kit.

Cells were cultured in RPMI containing 10% bovine 
serum, 100 U/ml penicillin, 100  μg/ml streptomycin, 
and 2 mM glutamine (culture medium) at 37 °C with 5% 
 CO2 in a humidified cell culture incubator, unless stated 
otherwise.

Isolated monocytes were differentiated to monocyte-
derived dendritic cells (moDCs) with granulocyte–mac-
rophage colony-stimulating factor (GM-CSF) and inter-
leukin (IL)-4 in culture medium for 7 days. On day 4, 
the culture medium was refreshed with new GM-CSF and 
IL-4. moDCs were used either directly after differentiation 
or stored at -80 °C for later use. All reagents used in this 
study are listed in Table 1.

Mixed lymphocyte reaction (MLR)

50,000 mismatched control T cells and 10,000 control 
moDCs were co-cultured in a 96-well plate with or with-
out a monoclonal PD-1 antibody (10 µg/ml, Nivolumab), 
and with or without anti-CD3 (OKT3, 0.1 µg/ml coated o/n 
4 °C or 2 h 37 °C) as a control. Where indicated we added 
IL-6 (0.1 µg/ml), or IFN-α (100 U/ml) to the system. After 
3 and 6 days of MLR, culture cells were harvested for flow 
cytometry. After 6 days of MLR, we spun down the plates 
and harvested cell-free supernatant to assess cytokine 
secretion by ELISA. Cell-free supernatant was frozen 
down at − 20 °C and thawed when performing ELISAs.

120,000 mismatched melanoma patient-derived PBMCs 
were co-cultured with 10,000 moDCs from a pool of con-
trol donors in a 96-well plate with or without a monoclonal 
PD-1 antibody (10 µg/ml, Nivolumab), and with or with-
out anti-CD3 (OKT3, 0.1 µg/ml coated o/n 4 °C or 2 h 
37 °C) as a control. After 6 days of MLR, we spun down 
the plates and harvested cell-free supernatant to assess 
cytokine secretion by ELISA. Cell-free supernatant was 
frozen down at − 20 °C and thawed when performing ELI-
SAs. All reagents used in this study are listed in Table 1.
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Enzyme‑linked immunosorbent assay (ELISA)

IFN-γ secretion was measured from cell-free supernatant 
using the Human IFNγ Uncoated ELISA kit according to 
the manufacturer’s protocol. Optical densities (OD) were 
measured using a Clariostar plate reader. We used Prism to 
construct a 4-parameter dose response curve based on the 
standard ODs and extrapolated the unknown concentrations. 
We used 0.5 × the lower limit of detection for values beneath 
the standard curve (18). All reagents used in this study are 
listed in Table 1.

Fluorescence activated cell sorting (FACS)

Proliferation

To assess proliferation, control T cells were labeled with 
cell trace violet (CTV) before they were co-cultured with 
moDCs in the MLR. After 3 and 6 days of MLR, cells were 
stained with a fixable viability dye (eFluor780) and surface 
stained (CD3-FITC, CD4-BV785, CD8-BV605) for 20 min 
at 4 °C while aspecific antibody binding was prevented with 
2% normal mouse serum [24]. Gating strategy is depicted 
in SI Fig. 1a.

Maximum IFN‑γ production

To assess maximum IFN-γ production after 6 days of con-
trol MLR, cells were stimulated with Phorbol 12-myristate 
13-acetate (PMA) and ionomycin for 4 h at 37 °C. After 
30 min, Golgistop was added for the remaining 3.5 h. Cells 
were stained with a fixable viability dye (eFluor780) and 
surface stained (CD3-FITC, CD4-BV785, CD8-BV605) for 
20 min at 4 °C while FC-receptors were blocked with nor-
mal mouse serum, fixed with Cytofix/Cytoperm solution for 
30 min at 4 °C, and intracellular stained (IFNγ-PE-Cy7) for 
20 min at 4 °C while aspecific antibody binding was pre-
vented with 2% normal mouse serum [24]. Gating strategy 
is depicted in SI Fig. 1b.

Pre-treatment T cell characteristicsTo assess the pre-
treatment T cell characteristics of responders and non-
responders melanoma patient-derived PBMCs were both 
surface and intracellular stained. For the surface staining, 
cells were stained with a fixable viability dye (eFluor506) 
and stained (CD3-AF700, CD4-BV785, CD8a-PerCP-Cy5.5, 
PD-1-BV711) for 20 min at 4 °C while aspecific antibody 
binding was prevented with 2% normal mouse serum [24]. 
Gating strategy is depicted in SI Fig. 1c.

For intracellular straining of cytokines, cells were stim-
ulated with PMA and ionomycin for 4 h at 37 °C. After 
30 min, Golgistop was added for the remaining 3.5 h. 
Cells were stained with a fixable viability dye (eFluor506) 
and surface stained (CD3-AF700, CD4-BV785, 

CD8a-PerCP-Cy5.5, PD1-BV711) for 20 min at 4 °C while 
aspecific antibody binding was prevented with 2% normal 
mouse serum, fixed with Cytofix/Cytoperm solution for 
30 min at 4 °C, and intracellular stained (IFNγ-PE-Cy7, 
GzmB-APC-Fire650) for 20 min at 4 °C while aspecific 
antibody binding was prevented with 2% normal mouse 
serum (24). Gating strategy is depicted in SI Fig. 1d.

In antibody mixes that contained two or more Brilliant 
Violet fluorescent dyes, we used 8% brilliant stain buffer 
to prevent staining artifacts due to interaction between 
brilliant violet dyes. All samples were acquired on a BD 
LSR Fortessa using BD FACSDiva software. Data were 
analyzed using FlowJo software. All reagents used in this 
study are listed in Table 1.

RNA isolation and quantitative real‑time PCR 
(RT‑qPCR)

We isolated total RNA from cell lysates using the RNeasy 
micro/mini kit according to the manufacturer’s protocol 
and included the optional DNA digestion. cDNA was syn-
thesized using the iScript reverse transcriptase kit accord-
ing to the manufacturer’s protocol with two exceptions. 
Firstly, reverse transcription was performed for 40 min 
instead of 20 min at 46 °C, and secondly, reverse tran-
scriptase inactivation was performed for 5 min instead 
of 1 min at 95 °C. Gene expression was determined in 
duplo by RT-qPCR on the QuantStudio 12 k flex using 
SybrGreen mastermix with specific primer sets and aver-
aged. Relative gene expression  (2ΔCt) of the averages was 
normalized using the GUSB housekeeping gene and then 
Z-normalized per gene. Type I IFN score was calculated 
as the sum of individual z-values of the Type I IFN related 
genes Ly6E, MX1, IFI44L and IFITM1. All reagents used 
in this study are listed in Table 1.

Statistics

Statistical analysis was performed in prism and survival 
analysis in R with package survival. Wilcoxon tests were 
performed for paired, not Gaussian distributed data and 
Mann–Whitney tests were performed for unpaired, not 
Gaussian distributed data. For data that passed normal-
ity tests, paired or unpaired T-tests were performed. For 
data that passed log-normality tests, the data were log-
transformed before paired or unpaired T-tests were per-
formed. Progression-free survival was assessed with the 
Kaplan–Meier method and groups were compared by a 
log-rank test. In all figure legends, we have indicated the 
statistical test used to determine significance, and the “n” 
of experiments. Data are considered significant if p < 0.05.
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Results

IFN‑α reduces the effectiveness of PD‑1 blockade 
in vitro

We set up a mixed lymphocyte reaction (MLR) with healthy 
donor  CD3+ T cells and mismatched monocyte-derived DC 
(moDCs) to study the effect of inflammatory cytokines on 
the enhancement of T cell IFN-γ secretion by PD-1 block-
ade. After 6 days of culture, T cells secreted more IFN-γ 
in the presence of an antagonistic PD-1 antibody (αPD1, 
Nivolumab) than control-treated T cells (Fig. 1a). Adding 
exogenous IFN-α reduced IFN-γ secretion in the presence of 
PD-1 blockade (Fig. 1a), but had no effect on IFN-γ secre-
tion without PD-1 blockade. When analyzing this data as 
fold change of IFN-γ secretion with vs. without PD-1 block-
ade, IFN-α reduced the effectiveness of PD-1 blockade by 
twofold (Fig. 1b). Adding exogenous IL-6, another inflam-
matory stimulus, reduced IFN-γ secretion by T cells in the 
MLR in both the absence and presence of PD-1 blocking 
antibodies (SI Fig. 2a). The fold change of IFN-γ secretion 
with vs. without PD-1 blockade was therefore similar with 
and without IL-6 (SI Fig. 2b). We conclude that IL-6 reduces 
IFN-γ secretion by T cells both in the absence and presence 
of PD-1 blockade in the MLR, suggesting that IL-6 affects 
T cell activation in general. Since we observed that IFN-α 

reduces the effectiveness of PD-1 blockade, in contrast to 
IL-6, we focused on IFN-α. IFN-α did not affect the intrinsic 
capacity of T cells to become activated during the MLR, 
since IFN-α did not reduce the absolute amount of IFN-γ 
secreted by T cells in the presence of agonistic CD3 anti-
bodies (αCD3) (Fig. 1c). Therefore, we conclude that IFN-α 
specifically reduces the effectiveness of PD-1 blockade to 
induce IFN-γ in vitro.

In the absence of exogenous IFN-α, PD-1 blockade 
increased the percentage of T cells that produced IFN-γ 
(Fig. 2a). However, adding IFN-α decreased the ability of 
PD-1 blockade to increase the percentage of T cells that 
produced IFN-γ, while IFN-α did not change the percentage 
of T cells that produced IFN-γ in absence of PD-1 blockade 
(Fig. 2a). We therefore investigated whether IFN-α reduces 
MLR-induced proliferation of T cells in the presence of 
PD-1 blockade. We found that exogenous IFN-α reduced the 
percentage of proliferated cell trace violet (CTV) labeled T 
cells in both absence and presence of PD-1 blockade at day 6 
of the MLR (Fig. 2b, c). In contrast, IFN-α did not influence 
T cell proliferation induced by agonistic αCD3 (Fig. 2d), 
suggesting that IFN-α has anti-proliferative effects that are 
overruled by αCD3 stimulation but not by PD-1 blockade. 
We conclude that IFN-α reduced MLR-induced proliferation 
independent of PD-1 blockade and reduced the frequency of 
IFN-γ-expressing cells in the presence of PD-1 blockade.

Fig. 1  IFN-α reduces IFN-γ secretion in response to PD-1 blockade 
in vitro a IFN-γ secretion measured by ELISA after 6 days of mixed 
lymphocyte reaction (MLR) with 50,000 mismatched T cells and 
10,000 moDCs of control donors, untreated or PD-1 blockade treated 
(αPD1; 10  µg/ml). The MLR was exposed to medium (control, 
n = 21), or 100 U/ml IFN-α (n = 21). b Data of Fig. 1a expressed as 
fold changes of IFN-γ secretion between αPD1 treated and untreated 
cells, exposed to medium (control, n = 21), or 100 U/ml IFN-α 
(n = 21). Fold change = [IFN-γ] in αPD1 treated cells “Fig.  1a”/
[IFN-γ] in untreated cells “Fig.  1a”. c IFN-γ secretion measured 

by ELISA after 6  days of mixed lymphocyte reaction (MLR) with 
50,000 mismatched T cells and 10,000 moDCs of control donors, 
untreated (same data as in “Fig. 1a”) or treated with agonistic CD3 
antibodies (αCD3; 0.1  µg/ml). The MLR was exposed to medium 
(control, n = 17), or 100 U/ml IFN-α (n = 17). a–c Experiments were 
performed in duplo or triplo per “n”, which were averaged. Averages 
are plotted as boxplots with medians and interquartile ranges (IQR). 
Depicted significance was determined using paired T tests on log 
transformed data
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Immune characteristics of cohort of melanoma 
patients

To address whether the MLR was predictive for PD-1 block-
ade treatment outcome in patients, we used PBMCs from 
melanoma patients enrolled in the Unraveling Immune 

Checkpoint inhibitor induced toxicity (UNICIT) cohort in 
the UMC Utrecht [23]. PBMCs were collected and cryo-
preserved prior to the start of PD-1 blockade treatment. We 
selected 24 patients with irresectable stage III or stage IV 
melanoma that received single-agent PD-1 blockade treat-
ment and assessed their best overall response per RECIST 

Fig. 2  IFN-α interferes with T cell activation in  vitro a Percent-
age IFN-γ+ cells of 4 h PMA/ionomycin treated alive  CD3+ cells of 
control donors after 6  days of MLR (n = 6). Experiments were per-
formed in triplo and medians are shown. Wilcoxon tests were used to 
determine significance. b Proliferation of  CD3+ T cells after 3 (n = 6) 
and 6  days (n = 5) of MLR, untreated or αPD1 treated, exposed to 
medium, or in the presence of exogenous IFN-α. T cells were labeled 
with CTV before the start of the MLR. Proliferation was measured 
with flow cytometry as percentage  CTVlow alive  CD3+ cells. c Fold 
changes of percentage division between αPD1 treated and untreated 
cells as measured in Fig.  1b. Fold change = [%  CTV− alive  CD3+ 
cells] in αPD1 treated cells / [%  CTV− alive  CD3+ cells] in untreated 

cells. d Proliferation of  CD3+ T cells after 3 (n = 6) and 6 days (n = 5) 
of MLR in the presence of agonistic αCD3 antibodies, with or with-
out exogenous IFN-α. T cells were labeled with CTV before the start 
of the MLR. Proliferation was measured by flow cytometry as per-
centage  CTVlow alive  CD3+ cells. b–d Experiments of day 3 were 
performed in triplo per “n”, and medians were calculated. Medians 
are shown (c) or plotted as boxplots with medians and IQR (b and d). 
Experiments of day 6 were performed in monoplo or duplo per “n”, 
and means were calculated. Means are shown (c) or plotted as box-
plots with medians and IQR (b and d). Significance was determined 
using paired T tests
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1.1 [25]. Two patients were excluded because of too low 
recovery of cells after thawing. The remaining 22 patients 
had a median age of 73.5 years, and 45% was male (Table 2). 
Three patients reached complete response, 9 partial response 
and 10 had progressive disease. We considered patients who 
reached complete response or partial response as clinical 
responders (n = 12), and patients with progressive disease 
as non-responders (n = 10). Responders and non-respond-
ers were of similar age and sex, had a similar range of lac-
tate dehydrogenase and C-reactive protein concentrations 
and similar immune cell counts (Table 2). In addition, we 
found no overt differences in PBMC composition between 
responders and non-responders (Table 2). PBMCs from 
responders and non-responders were similar in  CD4+/CD8+ 
T ratio, PD-1 expression on total  CD3+ T cells,  CD4+ and 
on  CD8+ T cells (SI Fig. 3a, b). The intrinsic capacity of T 
cells in these PBMCs to produce IFN-γ and Granzyme B 
upon stimulation with PMA/ionomycin was similar between 
responders and non-responders, for both  CD4+ and  CD8+ T 
cells (SI Fig. 3c, d).

Type I IFN score does not correlate with therapy 
response

We hypothesized that type I IFN exposure in vivo prior to 
therapy weakens therapy response in patients. The type I 
IFN score is a measure for in vivo IFN exposure frequently 
used in studies of autoimmunity [26]. We used mRNA 
expression of the type I IFN-responsive genes Ly6E, MX1, 

IFI44L and IFITM1 to determine the pre-treatment type I 
IFN score in the PBMCs from the melanoma patients in 
our study. The pre-treatment type I IFN score did not dif-
fer between responders and non-responders (Fig. 3a). Thus, 
pretreatment type I IFN exposure based on these type I IFN-
responsive genes did not determine clinical response to PD-1 
blockade therapy in our cohort.

An in vitro MLR with PBMCs is not predictive 
for PD‑1 treatment response

We performed the MLR with pooled moDCs from 3 
donors to minimize variation introduced by the moDCs. 
We used PBMCs, and not isolated T cells, because T cells 
isolated from frozen PBMCs were not viable after 6 days 
of culture in MLR (data not shown). αCD3-stimulation 
resulted in similar amounts of IFN-γ produced by PBMCs 
from responders and non-responders (SI Fig. 3e). In con-
trast to MLRs with isolated control T cells, in the MLR 
with control PBMCs IFN-α did not reduce the effective-
ness of PD-1 blockade (SI Fig. 3f). However, we reasoned 
that in vivo exposure to inflammation could have func-
tional consequences in the MLR. Hence, we performed 
the MLR with PBMCs from melanoma patients without 
exogenous inflammatory stimuli. After 6 days of MLR 
culture, PBMCs of both responders and non-responders 
increased IFN-γ secretion upon PD-1 blockade (Fig. 3b), 
but there was no obvious difference in IFN-γ secretion 
between responders and non-responders (Fig.  3b). In 

Table 2  Treatment-naïve melanoma patient’s characteristics

Mann–Whitney test between responders and non-responders did not show significant differences between groups for age, sex, LDH, CRP, leuko-
cytes, lymphocytes, monocytes and neutrophils
LDH, Lactate dehydrogenase; CRP, C-reactive protein; BOR, Best overall response; CR, Complete response; PR, partial response; PD, Progres-
sive disease

All (n = 22) Responders (n = 12) Non-responders (n = 10) P-value for dif-
ference R vs. NR

Median age, years (IQR) 74 (66–79) 77 (61–81) 70 (63–77) p = 0.1735
 Female (%) 12 (55) 6 (50) 6 (60)

Median LDH (U/L) (IQR) 205 (189–232) 221 (203–233) 193 (182–217) p = 0.1033
Median CRP (mg/L) (IQR) 1.4 (0.93–6.6) 1.7 (1.0–7.8) 1.2 (0.5–6.9) p = 0.4823
Tumor stage
 III unresectable 5 3 2
 IV 17 9 8

BOR
 CR 3 3 –
 PR 9 9 –
 PD 10 - 10

Median leukocytes (*10^9/L) (IQR) 7.8 (6.6–11) 7.8 (7.2–11) 7.7 (5.4–11) p = 0.4668
Median lymphocytes (*10^9/L) (IQR) 2.1 (1.7–2.4) 2.2 (1.6–2.5) 2.1 (1.7–2.4) p = 0.5933
Median monocytes (*10^9/L) (IQR) 0.64 (0.53–0.89) 0.67 (0.53–0.8) 0.61 (0.49–0.94) p = 0.8335
Median neutrophils (*10^9/L) (IQR) 4.8 (3.7–7.2) 4.8 (3.8–7.0) 4.8 (2.8–7.3) p = 0.5824
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addition, the increase of IFN-γ secretion by PD-1 block-
ade in the MLR did not correlate with the type I IFN score 
in responders and non-responders (Fig. 3c), neither did 
IFN-γ secretion by PD-1 blockade correlate with PD-1 
expression on  CD3+ T cells (SI Fig. 4. We found no cor-
relation between progression-free survival of melanoma 

patients in our cohort and the absolute amount of IFN-γ 
secretion in presence of PD-1 blockade in the PBMC 
MLR (Fig. 3d). Together, these data suggest that IFN-γ 
secretion in the MLR with PBMCs is not predictive for 
patient responses.

Fig. 3  An in  vitro MLR with PBMCs is not predictive for PD-1 
treatment response. a Z-normalized mRNA expression of interferon 
stimulated genes (ISG) Ly6E, MX1, IFI44L and IFITM1 in treatment-
naïve PBMCs of clinical responders (n = 12) and non-responders 
(n = 9). Type I IFN score = sum of z-value of Ly6E, MX1, IFI44L 
and IFITM1. Significance determined with unpaired T tests. b MLR 
with untreated or αPD1 treated cells (10 µg/ml) with treatment-naïve 
PBMCs from responders (n = 12) or non-responders (n = 10). Experi-

ments were performed in triplo per “n”, and medians were calculated. 
Medians are plotted as boxplots with medians and IQR. Significance 
determined with T tests. c Correlation of type I IFN score “Fig.  3a 
with IFN-γ secretion induced by PD-1 blockade “Fig.  3b” (n = 21). 
Significance determined with simple linear regression. d Kaplan–
Meier curve of progression-free survival in patients with IFN-γ secre-
tion “Fig.  3b” above or below median upon PD-1 blockade (10  µg/
ml) in the MLR (n = 22). Comparison by log-rank test
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Discussion

In large patient groups, there is a negative correlation 
between the concentration of IL-6 or CRP in serum of 
patients, and the outcome of PD-1 blockade treatment 
[16–21]. Similarly, type I IFN signaling in the tumor is 
associated with treatment resistance [22]. The in vitro data 
with isolated  CD3+ T cell MLRs recapitulated these find-
ings. However, the MLR with patient PBMCs, or the type 
I IFN score in pre-treatment PBMCs in our cohort did not 
correlate significantly with clinical treatment response. 
Hence, our data show that PD-1 blockade in vitro is sen-
sitive to IFN-α, but that the effect of IFN type I on PD-1 
blockade is not present or not detectible in the periph-
eral blood T cells of melanoma patients. Hence, we con-
clude that an MLR is not suitable to predict per-patient 
responses.

In our cohort, we did not find the previously reported 
correlation of CRP concentrations with clinical therapy 
response [16–20]. This could be due to the fact that by 
chance, only patients with moderately elevated CRP were 
included. It is therefore possible that results would have 
been different if we would have included more patients 
with high CRP. We did not study the effect of inflamma-
tion on moDCs during the MLR, while IFN-α and IL-6 
also have modulating effects on moDCs [27–29]. Hence, 
we cannot exclude that IL-6 or IFN-α change the signals 
provided by moDCs to activate T cells. In our assays, we 
compared PD-1 blockade with medium control and there-
fore cannot exclude that the effect IFN-α has on the effec-
tiveness of PD-1 blockade is (partly) Fc-receptor medi-
ated. Patient MLRs were performed with PBMCs and not 
with isolated  CD3+ T cells because T cells isolated from 
frozen PBMCs were not viable after 6 days of MLR. In 
MLR with control PBMCs, IFN-α did not reduce the effec-
tiveness of PD-1 blockade, which prevented us from study-
ing the effects of exogenous IFN-α on PD-1 responses in 
patient samples. Direct proinflammatory effects of IFN-α 
on monocytes [30–32] in the PBMCs could negate the 
negative effect IFN-α has on moDCs or  CD3+ T cells in 
the MLR.

In both absence and presence of PD-1 blockade, exog-
enous IL-6 reduced IFN-γ secretion by T cells, but did not 
alter the fold change of IFN-γ that PD-1 blockade induced 
in the MLR assays. This suggests that IL-6 affects T cell 
activation in general and that, as suggested by others, IL-6 
blockade therapy may be a valid addon strategy to improve 
immune checkpoint blockade therapy [33–35].

In the absence of PD-1 blockade, exogenous IFN-α 
had differential effects on T cell proliferation in the MLR: 
while we found that IFN-γ secretion was not affected, pro-
liferation was inhibited by exogenous IFN-α. In contrast, in 

the presence of PD-1 blockade, exogenous IFN-α reduced 
both IFN-γ secretion and proliferation in the MLR. IFN-α 
is a known inhibitor of proliferation [36–38] and hence 
potentially limits the number of IFN-γ secreting T cells. 
On the other hand, IFN-α promotes T cell skewing toward 
an IFN-γ secreting Th-1 phenotype [39–41] and induces 
expression of multiple inhibitory immune receptors on T 
cells [42–44]. Possibly the balance between TCR-signaling 
and IFN-α receptor signaling results in differential out-
comes regarding IFN-γ secretion in the MLR, specifically 
reducing the effect of PD-1 blockade on IFN-γ secretion.

In summary, we conclude that an MLR with  CD3+ T 
cells recapitulates the correlation of increased IFN-α and 
IL-6 with reduced T cell responses in melanoma patients. 
However, results from our MLR with patient’s PBMCs and 
the type I IFN score did not correlate with their individual 
clinical response to PD-1 blockade treatment.
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