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ABSTRACT
The Chronic Myeloproliferative Neoplasms (MPN) are cancers characterized by hyperinflammation and
immune deregulation. Concurrently, the expression of the immune check point programmed death ligand
1 (PD-L1) is induced by inflammation. In this study we report on the occurrence of spontaneous T cell
responses against a PD-L1 derived epitope in patients with MPN. We show that 71% of patients display a
significant immune response against PD-L1, and patients with advanced MPN have significantly fewer and
weaker PD-L1 specific immune responses compared to patients with non-advanced MPN. The PD-L1
specific T cell responses are CD4C T cell responses, and by gene expression analysis we show that
expression of PD-L1 is enhanced in patients with MPN. This could imply that the tumor specific immune
response in MPN could be enhanced by vaccination with PD-L1 derived epitopes by boosting the anti-
regulatory immune response hereby allowing tumor specific T cell to exert anti-tumor immunity.
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Introduction

There is compelling evidence describing a profound immune
dysregulation in patients with Philadelphia chromosome nega-
tive chronic myeloproliferative neoplasms (MPN). The cyto-
kine milieu, immune phenotype and gene expression profile is
severely deregulated,1-8 and it is speculated, that MPN may
evolve and progress due to a defect tumor immune surveil-
lance.9 Tumor cells employ several immune suppressive mech-
anisms to subvert the anti-tumor immune response. One such
well described mechanism is the binding of programmed
death-1 receptor on activated T-cells to programmed death-1-
ligand (PD-L1) on either tumor cells or cells in the tumor
microenvironment, rendering tumor reactive T-cells anergic,
hereby facilitating tumor immune escape.10 The targeting of
the PD1/PD-L1 axis with blocking antibodies has shown
remarkable results in both solid and hematological malignan-
cies.11,12 However, the immune system harbors naturally occur-
ring PD-L1 specific T-cells, and these T-cells are able to target
and kill PD-L1 positive cells.13,14 Additionally, stimulation of T
cells with PD-L1 derived epitopes has been shown to boost
both anti-leukemic and anti-viral immune responses as well as
immune responses against autologous dendritic cells (DC)
transfected with the tumor associated antigens hTERT and sur-
vivin.15 As such, we are currently investigating safety and toler-
ability of a peptide vaccination with a PD-L1 derived epitope in
patients with multiple myeloma (NCT03042793), as we expect

the vaccine to enhance the tumor specific immune response in
patients. In the setting of MPN, the identification of PD-L1 spe-
cific T cell responses is highly intriguing, as the hyperinflam-
matory state in MPN potentially enhances expression of PD-
L1, which likely suppresses the neoantigen specific T cell
responses in MPN just recently described by our group.16-18

We believe, that spontaneously occurring PD-L1 specific T cell
responses in MPN might be enhanced by vaccination with the
PD-L1 derived epitope used in the above mentioned myeloma
vaccination, hereby generating an improved anti-neoplastic
and anti-regulatory immune response. Hence, we investigated
if patients with MPN harbor spontaneously occurring T cell
responses against the PD-L1 derived epitope, and correlated
the identified responses with clinical data.

Results

Patient characteristics

In total we enrolled 51 patients of whom 19 (37%) were males.
The median age of diagnosis of the included patients was
55.9 years (range, 17–84), and the median age of the patients
at time of study sampling was 66.9 years (range, 25 – 84 years).
Clinical data of these patients is available in Table 1. In short,
14 patients (28%) were diagnosed with essential thrombocy-
themia (ET), 16 (31%) with polycythemia vera (PV), 7 (14%)
with prefibrotic myelofibrosis (PreMF) and 14 (28%) with
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primary myelofibrosis (PMF). Twenty-four patients (47%)
were JAK2V617FC, 23 (45%) patients were calreticulin
(CALR) mutants, 3 patients (6%) were triple negative and one
patient (2%) had a myeloproliferative leukemia virus (MPL)
mutation. At the time of study blood sample, 16 patients
(31%) were treated with interferon-alpha (IFN-a), 15 (29%)
were treated with hydroxyurea (HU), 9 patients (18%) did not
receive any kind of treatment, 5 (10%) were treated with ana-
grelide (ANA), 4 patients (8%) were treated with ANA and
HU, 2 patients (4%) were receiving phlebotomies, and 1
patient was treated with rituximab for autoimmune thyroid-
itis. Of the 14 patients with myelofibrosis, 6 (43%) had
DIPSS low risk, 7 (50%) had DIPSS intermediate-1 risk,
and 1 patient (7%) had DIPSS intermediate-2 risk. None of
the patients had DIPSS high risk PMF. Nine patients (18%)
experienced progression of their MPN either before or after
study sample, and 11 patients (22%) were diagnosed with a
secondary malignancy either before or after study sample.
Thirty-nine patients (77%) had a complete hematological
response (CHR) to any therapy given at any time point
both before and after blood sampling, whereas the remain-
ing 12 patients (24%) either had a partial response, no
response, or progressive disease. Patients with disease pro-
gression from ET or PV to PMF before or after blood sam-
pling and patients with progression from MPN to acute

myeloid leukemia (AML), after blood sampling were termed
as having progressive disease.

Patients with MPN display frequent immune responses
against the PD-L1Long1 epitope, and frequency and
amplitude of the responses correlate with disease severity

Of the 51 patients, 36 (71%) displayed a statistical significant IFN-
g response according to the DFR-rule by Moodie et al.19 After
applying the more conservative DFR(2x) rule, we identified 19 res-
ponders (37%). Both patients with ET, PV, PreMF and PMF dis-
played a PD-L1Long1 specific immune response (Fig. 1A-1D).
Next, we compared the clinical data of DFR(2x) defined respond-
ers with non-responders (Table 2). As the immune dysregulation
in MPN becomes more pronounced with disease progression, we
hypothesized that the frequency of immune responses would be
most frequent in patients with ET, second most frequent in
patients with PV, and that patients with PreMF and PMF would
harbor the lowest frequency of responses. This was confirmed as
ET-patients harbored the most frequent responses, followed by
PV, then Pre-MF and finally PMF (57% vs. 44% vs. 29% vs. 14%)
(p D 0.107). In 41 patients, the ELISPOTs were performed with a
concentration of 3£ 105 cells per well allowing us to compare the
mean amount of PD-L1Long specific cells in these 41 subjects.
We demonstrated that PBMC from patients with ET and PV
secrete more IFN-g upon stimulation with PD-L1Long1 peptide
compared to PBMC from patients with PreMF and PMF (Fig. 1E)
with the difference between patients with ET and PMF and PV
and PMF being statistically significant (p D 0.018 and p D 0.042).
Even more, we compared the amount of DFR(2x) defined
responses in non-PMF patients (17 responders; 46% of patients)
with PMF patients (2 responders; 14% of patients) (pD 0.053).

Patients without complete hematological response,
and patients with disease progression show less
frequent PD-L1Long1 specific immune response

Sixteen patients (44%) who experienced a CHR also displayed a
DFR(2x) defined immune response, whereas only 3 (20%) of
patients with a non-CHR had a DFR(2x) defined response (p D
0.123). As disease progression was termed as having non-CHR,
we analyzed if patients, that did not have disease progression,
but still had non-CHR, displayed less frequent responses. Of
the 7 patients with a non-CHR, that did not have disease pro-
gression, 3 (43%) had a DFR-defined response, whereas 28
patients (79%) with a CHR had a response (p D 0.081). Simi-
larly, it is noteworthy that only 1 patient (11%) with disease
progression displayed a DFR(2x) defined ELISPOT response,
whereas 18 patients (43%) without progression displayed a
response (p D 0.128). There was no difference between res-
ponders and non-responders according to gender, mutational
status, DIPSS-score, treatment, occurrence of secondary malig-
nancy, median age at diagnosis, median age at blood sampling
or treatment at time of sampling of study sample.

PD-L1Long1 specific T cells are CD4C T-cells

To clarify the phenotype of the IFN-g producing cells, 13
patients with a solid IFN-g ELISPOT response were analyzed

Table 1. Clinical data of patients included in the study.

Variable

Total patients 51
Male gender, n (%) 19 (37%)
Diagnosis at blood sample

ET 14 (28%)
PV 16 (31%)
PreMF 7 (14%)
PMF 14 (28%)

Driver mutation
JAK2V617F 24 (47%)
CALR 23 (45%)
Triple negative 3 (6%)
MPL 1 (2%)

Treatment at time of blood
sampling

Interferon-alpha 16 (31%)
Hydroxyurea 15 (29%)
None 9 (18%)
Anagrelide 5 (10%)
Anagrelide and hydroxyurea 4 (8%)
Phlebotomy 2 (4%)
Rituximab 1 (2)

DIPSS score
Low-risk 6 (43%)
Intermediate-1 risk 7 (50%)
Intermediate-2 risk 1 (7%)
High-risk 0 (0%)

Transformation/progression,
yes

9 (18%)

Secondary malignancy, yes 11 (22%)
Complete hematological

response
36 (71%)

Age in years at diagnosis,
median (min - max)

55.9 (17–84)

Age in years at draw of study
sample, median (min -
max)

66.9 (25 – 84)

DFR-defined response 36 (71%)
DFRx2 defined response 19 (37%)
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using ICS. All analyzed patients displayed CD4C T-cell
responses against PD-L1Long1 peptide (Fig. 2A). We demon-
strated a marked difference in production of IFN-g and TNF-a
between PD-L1Long1 stimulated cells and cells stimulated with
scrambled negative control (Fig. 2B-2D). The median amount
of IFN-gC CD4C T-cells was 0.081% vs. 0.030% (p<0.0001),
the median amount of TNF-aC/IFN-gC double positive CD4C

T-cells was 0.037% vs. 0.002% (p<0.0001) and the median
amount of TNF-aC positive CD4C T-cells was 0.463% vs.
0.125% (p D 0.0001).

Patients with MPN have increased expression of PD-L1

As the MPNs are hyperinflammatory diseases, and PD-L1
expression is enhanced by inflammation, we speculated that
the expression of PD-L1 is enhanced in MPN. Hence, we com-
pared the gene expression in 69 MPN-patients to the gene

expression in 21 healthy donors using materials and methods
as previously described,20 and identified an enhanced expres-
sion of PD-L1 in peripheral blood in MPN-patients compared
to healthy controls (fold change 1.2; p D 0.0003, false discovery
rate (FDR) D 0.001). Data are available from Gene Expression
Omnibus (http://www.ncbi.nlm.nih.gov/geo; accession no.
GSE26049).

Discussion

In the present study we have shown that patients with MPN
harbor spontaneously occurring immune responses against a
PD-L1 derived epitope. This implies that the immune system
in MPN selectively targets regulatory cells and hereby enhance
the anti-tumor immune response. It has been shown that the
in-vitro immune response to a DC-based cancer vaccine was
enhanced by in vitro co-stimulation with a PD-L1 derived

Figure 1. Patients with all stages of MPN display PD-L1 Long1 specific immune responses, but response amplitude declines with disease severity. (A) Example of an PD-L1
Long1 specific IFN-g response in a patient with ET. (B) Example of a PD-L1 Long1 specific IFN-g response in a patient with PV. (C) Example of a PD-L1 Long1 specific IFN-g
response in a patient with PreMF. (D) Example of a PD-L1 Long1 specific IFN-g response in a patient with PMF. (E) IFN-g ELISPOTs were performed with 3 £ 10̂5 cells/well
in 41 patients, and the response amplitude was calculated by subtracting the mean amount of spots in wells stimulated with negative control peptide from the mean
amount of spots in wells stimulated with PD-L1 Long1 peptide. Bars represent mean and standard error of the mean. All experiments were performed in triplicates.

Table 2. Correlation of clinical data to DFR(2x) defined ELISPOT responses. Categorical data were analysed using the chi-squared test or Fisher’s exact test, where appro-
priate. Continous data were analyzed using the Mann-Whitney U-test.

Variable No response (DFRx2) Response (DFRx2) p-value

Gender 0.247
Female 18 (56%) 14 (44%)
Male 14 (74%) 5 (26%)

Diagnosis 0.107
ET 6 (43%) 8 (57%)
PV 9 (56%) 7 (44%)
PreMF 5 (71%) 2 (29%)
PMF 12 (86%) 2 (14%)

Diagnosis (non-PMF vs. PMF) 0.053
Non-PMF 20 (54%) 17 (46%)
PMF 12 (86%) 2 (14%)

Mutation type 1.00
CALR 16 (70%) 7 (30%)
JAK2V617F 16 (67%) 8 (33%)

Transformation or progression 0.128
Yes 8 (89%) 1 (11%)
No 24 (57%) 18 (43%)

Secondary malignancy 0.176
Yes 9 (82%) 2 (18%)
No 23 (58%) 17 (43%)

IFN-a at blood sample 0.549
Yes 11 (69%) 5 (31%)
No 21 (60%) 14 (40%)

Hematological response 0.171
Complete hematological response 20 (56%) 16 (44%)
Did not obtain complete hematological response 12 (80%) 3 (20%)

Median age at diagnosis 56.2 55.4 0.914
Median age at blood sampling 67.3 66.9 0.914
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peptide,15 and that stimulation of virus specific T-cell cultures
with either PD-L1 derived epitopes or PD-L1 specific T-cells
significantly enhanced the amount of virus-specific T-cells.21,22

Furthermore, PD-L1 specific T-cells have been described to kill
leukemic cells including the JAK2V617FC and PD-L1C cancer
cell line UKE-1.22,23 In addition, T-cell cultures specific for the
JAK2V617FC cancer cell line SET-2 display enhanced killing
fraction of SET-2 specific T-cells after stimulation with PD-L1
peptide. This proves that PD-L1 stimulation of T-cells increases
the anti-leukemic activity of the T-cells.21 Of note, both UKE-1
and SET-2 are JAK2V617FC and are killed by JAK2V617F-spe-
cific cytotoxic T-cells.16 Thus, boosting PD-L1 specific T-cells
could directly modulate immune regulation and potentially
alter tolerance to tumor antigens. Concurrently, data from this
study implies, that patients with advanced MPN display less
frequent and weaker immune responses against the PD-
L1Long1 epitope giving impetus to the notion, that patients
with advanced cancer are immune suppressed and are not able

to mount an effective tumor specific immune response. Of
note, patients with CALR mutant PMF also show less frequent
responses against CALR mutant epitopes compared to patients
with CALR mutant ET.17 It should be noted however, that
patients with MPN are in a hyperinflammatory state which
could be the reason that some ELISPOT experiments show a
high background, and in some cases this background could
occlude an immune response. Although not statistically signifi-
cant, the data generated by this study indicates, that patients
that have a poor response to therapy are less prone to harbor
PD-L1 specific immune responses. Concurrently, data from
this study show, that patients with progression of MPN do not
mount as frequent PD-L1 specific immune responses. Together
this could imply, that an effective PD-L1 specific immune
response is involved in obtaining a proper response to therapy
and to prevent disease progression.

Recently, we described that both the JAK2V617F and CALR
exon 9 mutations are recognized by specific T-cells, and thus

Figure 2. CD4C T-cell responses against the PD-L1Long1 epitope. (A) Representative experiment of a PD-L1 Long1 specific immune response in CD4C gated T cells with
PD-L1 Long1 stimulated cells (top) and cells stimulated with negative scrambled control (bottom). (B) Plot of CD4C T cells releasing IFN-g upon stimulation with PD-L1
Long1. (C) Plot of IFN-gC/TNF-aC CD4C T upon stimulation with PD-L1 Long1. (D) Plot of CD4C T cells releasing TNF-a upon stimulation with PD-L1 Long1.
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are potential targets for cancer immune therapy.16-18 Given the
strong and frequent immune responses against CALR mutant
epitopes in patients with MPN, it is a paradox that especially
CALR mutant patients are not able to spontaneously clear the
CALR mutant cells. The increased levels of PD-L1 identified in
this study could partially explain this, as tumor specific T cells
may simply be rendered anergic, due to the enhanced levels of
PD-L1 in patients. As such, vaccination combining the PD-L1
Long1 epitope used in the current study with CALR-mutant or
JAK2-mutant epitopes would be easy to implement and is likely
to be highly beneficial. PD-L1 specific T-cells can directly sup-
port anti-cancer immunity by killing target cells, as well as indi-
rectly boost anti-cancer immunity by killing regulatory cells
and by releasing pro-inflammatory cytokines. Concurrently,
vaccination with JAK2-mutant/CALR-mutant peptides will
induce and activate T cells specific for JAK2- and CALR-mutant
cells. Cancer vaccines represent a promising means of eliminat-
ing minimal residual disease without inducing significant toxic-
ity or secondary malignancies. However, to date, they have
largely failed to significantly improve patient outcomes. This
likely reflects malignant cells’ ability to suppress the functions
of the induced immune cells. As such, we think that the identi-
fication of PD-L1 specific immune responses in MPN hold
great promises for the future treatment of MPN in the setting
of cancer immune therapy. Consequently, we are initiating a
phase-I clinical vaccination trial in MPN combining PD-L1
derived epitopes with the recently described JAK2-mutant
epitopes.16

Methods

Patient material

The study was approved by the local ethics committee at Zea-
land Region (SJ-456), and all patients provided signed informed
consent according to the Helsinki Declaration before entry in
the study. Patient diagnosis followed the 2016 WHO classifica-
tion of MPN-disease.24 Patient peripheral blood mononuclear
cells (PBMCs) were isolated using Lymphoprep (Axis Shield,
Oslo, Norway), and were frozen in fetal calf serum with 10%
dimethyl sulfoxide (Sigma-Aldrich). Clinico-hematological
response to therapy was evaluated as earlier described,25 how-
ever patients with progression of their MPN before or after
study sampling were termed to have progressive disease.

Experimental procedures

Studies in immune responses against PD-L1 derived epitopes
have previously been identified by the robust interferon-gamma
(IFN-g) Enzyme Linked ImmunoSPOT (ELISPOT)14 and we
used the same experimental procedures in this study. We chose
the 19 amino acid PD-L1 derived epitope PD-L1Long1 (PD-
L19–27, FMTYWHLLNAFTVTVPKDL) that resides within the
signal peptide of PD-L1. This epitope has been shown to elicit
spontaneous immune responses in patients with solid malig-
nancies14 and is now used in a clinical setting in the above men-
tioned myeloma vaccination trial. We used a scrambled control
(GARVERVDFGNFVFNISVLW) as a negative control. To
evaluate the phenotype of the IFN-g producing cells, we

employed intracellular cytokine staining. In short, after 7 days
of in vitro culture, 106 PBMCs were stimulated with PD-
L1Long1 peptide or negative control peptide. After one hour of
incubation with peptide, the Golgi Transport inhibitor Brefel-
din A (BD Biosciensen, San Jos�e, CA, USA) was added. After
additional four hours of incubation, cells were washed twice in
PBS with 2% fetal calf serum and then stained with the follow-
ing surface markers 4 ml NIR, 10 ml CD4 PerCP, 2 ml CD8
Pacific Blue, and 10 ml CD3 FITC for 30 minutes on ice. Next,
cells were washed once more and fixed/permeabilized with Fix-
ation/Permeabilization Reagent and Permeabilization Buffer
(both from eBiosciences). Next, cells were stained for 30
minutes on ice using the following intracellular antibodies: 2 ml
anti-TNF-a and 2 ml anti-IFN-g conjugated to either PE-Cy7
or APC. Next, cells were washed twice in Permeabilization
buffer and then resuspended in PBS with 2% fetal calf serum.
Cells were acquired with a FACS CANTO II (BD Bioscienses,
San Jos�e, CA, USA) and analyzed using FACS Diva software
version 8.0.1.

Statistical analysis

The distribution free resampling method (DFR) and the more
conservative DFR(2x) rule were used for statistical analysis of
the ELISPOT responses.19 The statistical software package R
was used for the DFR analyses using the R code provided at
(http://www.scharp.org/zoe/runDFR/). The Pearsson chi-
squared test, Fisher’s exact test and Mann-Whitney U test were
used for statistical analyses of clinical data by using the statisti-
cal software package SPSS version 21.
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