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- ) = 60) was obtained on the day of surgery to measure (i) circulating T-cells reacting to viral antigens and TAAs, in
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the presence or absence of cytokine conditioning with IL-2/IL-15/IL-21 or IL-2/IL-7, and (ii) serum cytokine levels
(IL-4, IL-5, IL-6, TNF-c, IFN-y and IL-17A). Patients were followed-up for at least 1000 days post-surgery. Survivin

gf:ggisc;m 2 multiforme protein and gene expression in resected GBM tumour tissue were confirmed by immunohistochemistry and real-
Cytokine networks time polymerase chain reaction, respectively. Antigen-specific T-cell responses were gauged by ICS (intracellular
Survivin cytokine production). Associations between patient survival and immunological reactivity patterns were
Immune response analysed using univariate and multivariate statistics.

Survival benefit Results: Approximately 2% of patients with GBM and 18% of patients with non-GBM glioma, were alive beyond
Immunotherapy 1000 days of surgery. Univariate analysis indicated that the combination of three cytokines (IL-4/IL-5/IL-6, p =

.0022; IFN-y/TNF-ot/IL-17A, p = .0083) but not a ‘partial’ combination of these cytokines, the IFN-y immune re-
sponse to EBV-EBNA-1 (p <.0001) as well as T-cell responses to the surviving;_;11 peptide (p = .0152) correlated
with longer survival among patients with GBM. Multivariate analysis identified surviving;_;1;-directed IFN-y
production with IL-2/IL-15/IL-21 conditioning (p = .024), and the combined presence of serum IFN-y/TNF-a/

IL-17a (p = .003) as independent predictors of survival.
Conclusion: Serum cytokine patterns and lymphocyte reactivity to surviving;_111, particularly with IL-2, IL-15 and IL-
21 conditioning may be instrumental in predicting survival among patients with GBM. This has implications for clin-
ical follow-up of patients with GBM and the targeted development of immunotherapy for patients with CNS tumours.
© 2018 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction glioma WHO classification system includes (i) diffuse or anaplastic as-
trocytoma (isocitrate dehydrogenase (IDH)-wildtype/-mutant/not oth-

The World Health Organization (WHO) estimated that circa 2% of all erwise specified (NOS)); (ii) oligodendroglioma or anaplastic
human cancers occur in the central nervous system (CNS) [1]. The oligodendroglioma (IDH-mutant and 1p/19q-co-deletion/NOS); (iii)
oligoastrocytoma or anaplastic oligoastrocytoma (NOS) and (iv) glio-

blastoma multiforme (GBM, IDH-wildtype/-mutant/NOS). GBM is the
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remaining 10% [2]. The clinical outcome in patients with GBM remains
poor despite advanced surgery, first-line temozolomide therapy and ra-
diotherapy [3, 4], sometimes administered with adjunctive anti-
vascular endothelial growth factor (VEGF) antibody (bevacizumab) im-
munotherapy [5].

Sporadic CNS inflammation has been attributed to GBM oncogene-
sis, with the involvement of pro-inflammatory and pleiotropic cyto-
kines, e.g. interferon gamma (IFN-v), tumour necrosis factor alpha
(TNF-o), interleukin (IL) 6, IL-8, and IL-17A [6-8]. Non-specific inflam-
mation may facilitate mutations in genes encoding proteins involved in
the receptor tyrosine kinase pathway, including epidermal growth fac-
tor receptor (EGFR), as well as enzymes required for DNA repair and ge-
netic stability [7]. The most frequent EGFR mutation associated with
GBM is variant III of the receptor (EGFRVIII) [9, 10].

A key factor that contributes to the reduced survival of patients with
GBM is the local immunosuppressive tumour microenvironment, in-
cluding regulatory T-cell (Treg) induction and programmed cell death
1 (PD-1) expression [11-13]. Productive immune responses directed
against tumour-associated antigens (TAA) i.e. EGFRVIII, survivin
(encoded by baculoviral inhibitor of apoptosis repeat-containing 5,
BIRC5 gene) or other antigenic targets are likely to be subdued. Produc-
tion of immune-tolerising cytokines such as transforming growth factor
beta (TGF-B), IL-10, IL-4 and IL-13, as well as the expression of the IL-13
receptor, which itself is a target for GBM immunotherapy [14] play a
critical role in the balance of protective and pathological immune re-
sponses [15-17]. Temozolomide itself contributes to intratumoural im-
mune suppression, affecting tumour-infiltrating lymphocyte (TIL)
numbers as well as anti-tumour immune responses [18]. Adjunct im-
munotherapies e.g. tumour vaccination of patients with GBM [19] or
the application of T cells expressing chimeric antigen receptors (CARs)
targeting EGFRVIII (clinical trials identifier: NCT02209376), IL-13 Ra2
[14], or Her2 (clinical trials identifier: NCT02442297) are currenty
tested in patients for safety and to improve treatment outcomes.

We studied immune responses in peripheral blood of patients using
the determination of cytokines (by ELISA) and immune reactivity to
specific target antigens defined by cytokine production to gain a better
understanding of the global immune reactivity pattern in association
with survival in patients with GBM.

2. Material and Methods
2.1. Patient Characteristics

The study was approved by the Regional Ethics Review Board
(Regionala etikprovningsnamnden) at Karolinska Institutet, Stockholm
(ethical permit number: 2013/576-31). 205 patients with glioma were
selected to participate in the study, following written informed consent.
The largest group comprised patients with GBM (WHO grade IV CNS tu-
mour, n = 145), while patients with non-GBM glioma (n = 60) com-
prised individuals diagnosed with astrocytoma, oligodendroglioma/
oligoastrocytoma or anaplastic oligoastrocytoma (WHO grades II-1II
CNS tumours) [2]. Venous blood for laboratory studies was drawn on
the day of surgery and prior to initiation of cancer therapy. A description
of the patient cohort is provided in Table 1.

Table 1
Summary of the clinical characteristics of patients with glioma included in this study.
GBM: Glioblastoma multiforme.

Patient characteristics Glioma

Histology Grade

GBM Non-GBM v i Il
Sample size(N) 145 60 145 18 42
Age median(years) 63 40 63 38 42
Age range(years) 16-80 20-75 16-80 22-62 20-75
Sex(male/female) 99/46 38/22 99/46 10/8 28/14

2.2. Whole Blood Assay (WBA)

Venous blood from the patients with glioma was first diluted at a
ratio of 1:1.5 with RPMI 1640 Glutamax medium (ThermoFisher Scien-
tific, Carlsbad, CA) and supplemented with antibiotics (penicillin,
100 IU/ml and streptomycin, 100 pg/ml) (ThermoFisher Scientific,
Carlsbad, CA). The diluted blood was then conditioned in following
manner: i) without cytokines (RPMI only); ii) human IL-7 (10 ng/ml)
and IL-2 (500 IU/ml) or iii) human IL-2 (1000 IU/ml), IL-15 (10 ng/ml)
and IL-21 (10 ng/ml) (Prospec, Ness-Ziona, Israel) and added to 96-
well microtiter plates containing a panel of tumour-associated antigens
(TAA) and viral antigens (Supplementary Table S1). The surviving;_111
peptide (TLGEFLKLDRERAKN) was tested separately since it induced su-
perior immune reactivity in circulating lymphocytes and TIL in an initial
screening test. The plates were incubated at 37 °C with 5% CO,, for seven
days. Incubation with medium alone was used as negative control while
5 pg/ml phytohaemagglutinin (PHA, Sigma-Aldrich, St. Louis, MO),
30 ng/ml OKT3 (anti-human CD3 monoclonal antibody, Biolegend,
CA) and 10 ng/ml SEA+SEB (Staphylococcal Enterotoxin A and B,
Sigma-Aldrich, St. Louis, MO) were used separately as positive controls.

2.3. Blood Serum Preparation and Cytokine ELISA

For plasma preparation, a fraction of whole blood was layered onto
Ficoll-Paque Plus solution (GE Healthcare, Uppsala, Sweden) and centri-
fuged at 1260 xg for 10 min. The resulting layer of serum was removed
and stored at —80 °C. Cytokines (IFN-y, TNF-c, IL-17A, IL-4, IL-5 and IL-
6) as well as WBA supernatants (IFN-y production by circulating lym-
phocytes) were quantified with commercially available enzyme-
linked immunosorbent assay (ELISA) kits (MABTECH, Stockholm,
Sweden) according to the manufacturer's instructions.

2.4. Immunohistochemistry

Immunostaining for survivin was performed on 4 um sections of
formalin-fixed paraffin-embedded tissue using the Leica Bond-Max au-
tomated immunostaining system (Leica Biosystems AB, Kista, Sweden).
For antigen retrieval, samples were incubated for 20 min at 100 °C with
Bond Epitope Retrieval Solution 1 (Leica Biosystems AB, Kista, Sweden).
Slides were stained for 30 min at room temperature with the survivin
polyclonal antibody RB-9245 (Thermo scientific, Carlsbad, CA), diluted
at 1:200. The percentage of positive cells was evaluated using a semi-
quantitative score: 14 <10%, 24+ = 10-20%, 3+ = 20-50% and 4+
>50% (the high-expression group refers to scores 4 and 3, while the
‘low-expression’ group includes scores 2 and 1).

2.5. Real-Time Polymerase Chain Reaction (RT-PCR)

Qualitative BIRC5 PCR: Total RNA was extracted from flash-frozen
tumour specimens obtained during surgery. The tumour tissue was
lysed using Qiazol tissue lysis reagent (Qiagen inc. Hilden, Germany)
and total RNA was obtained by ethanol precipitation according to sup-
plier's instructions. 5 ng total RNA was subjected to reverse transcrip-
tion using an Oligo DT protocol of a RevertAid first strand cDNA
synthesis kit (Thermo Fisher Scientific inc. Waltham, MA, USA) accord-
ing to the manufacturer's instructions. 10 pl cDNA from each cDNA reac-
tion was used to amplify the BIRC5 variant specific product in a 20 pl
PCR reaction using BIRC5 commercially available transcript specific
primers published previously [20] and according to the manufacturer's
instructions (ThermoFisher Scientific, Carlsbad, CA). 3-actin was used
as positive control for housekeeping gene transcription. The PCR reac-
tion was initiated at 95 °C for 10 min followed by 40 cycles at 95 °C
for 15 s, 60 °C for 30 s and 72 °C for 30 s. Difference in cycle threshold
(delta cycle threshold, ACt) for each sample refers to the difference be-
tween Ct values of BIRC5 and (3-actin. Cut-off for values of Ct and ACt is
lower than 35 and 10 respectively.
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2.6. Statistical Methods, Survival Curves, Patient Stratification

The Kaplan-Meier (K-M) survival analysis was used in order to esti-
mate the number of patients who survived over the follow-up period of
1200 days. Univariate analysis was performed by comparing single pa-
rameters (clinical and immunological parameters as well as antigen-
specific immune responses) with the overall survival of patients with
GBM. Cox Proportional hazards model (forward and backward stepwise
analysis) for multivariate analysis was applied to account for individual
parameters/factors that could predict improved survival of patients
when analysed in combination with all the parameters considered in
the study. For the relationship between PBMC IFN-y production and pa-
tient survival, cut-offs for K-M analysis were based on ‘detectable’ or
‘non-detectable’ levels (assay detection limit provided by the manufac-
turer) or the median concentration values of cytokines in samples
which could generate the greatest hazard ratios between two groups.

3. Results

3.1. Clinical Characteristics and Survival Pattern of Patients With Malignant
Glioma

Patients with glioma (n = 205) enrolled in this study were
categorised into two distinct groups: (i) patients with GBM (n = 145)
and (ii) patients with non-GBM malignant glioma (n = 60; astrocy-
toma, oligodendroglioma or oligoastrocytoma with different subtypes).
Demographic information and clinical characteristics of the patient co-
hort is provided in Table 1. In agreement with previous reports, patients
with GBM displayed a significantly poorer survival profile compared to
patients with non-GBM gliomas (18% vs 2%, p <.0001) (Fig. 1).

3.2. Detectability of Serum Cytokine Levels in Patients With Malignant
Glioma

Cytokines were separated into two functional groups: (i) Th2/anti-
inflammatory, comprising IL-4, IL-5 and IL-6 and (ii) Th1/inflammatory,
consisting of IFN-y, TNF-a and IL-17A. IL-6 was included in the first
group due to its pleiotropic properties [21]. Between 45% and 50% of pa-
tients with GBM (WHO grade IV CNS tumour) exhibited detectable
levels of IL-4, IL-5 and IL-6 in serum, while 55-60% of patients with
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Fig. 1. Overall survival pattern of patients with malignant glioma in the study cohort.
Patients with different diagnoses of malignant glioma were clinically followed up for at
least 1200 days (40 months) post-surgery. Kaplan-Meier survival analysis was
performed after segregating patients into two groups: patients with GBM/WHO CNS
tumour grade IV malignant glioma or patients with non-GBM malignant glioma (WHO
CNS tumour grades 1-1II).

non-GBM malignant glioma had detectable levels of each cytokine
tested (Fig. 2A). Compared to patients with non-GBM malignant glio-
mas, a smaller fraction of patients with GBM had detectable levels of
serum IFN-y (41% vs 52%), TNF-a (12% vs 19%) and IL-17A (70% vs
78%) (Fig. 2B). We also observed that the median values of actual cyto-
kine concentrations in the serum samples did not differ between the
two patient groups (Supplementary Fig. S1).

3.3. Combinatorial Effect of Serum Cytokines on Patient Survival Patterns

Univariate analysis was then used for visualising if serum cytokine
combinations affected patient survival. We found that the combination
of circulating IL-4/IL-5/IL-6 - either all present or all absent (‘all’ or
‘none’) - correlated strongly with a better survival profile (p = .0022)
among the patients with GBM compared to only a ‘partial’ combination
i.e. one or two cytokines instead of all three (Fig. 2C). The scenario was
similar for serum [FN-y/TNF-o/IL-17A; patients with all three cytokines
or none showed a tendency for an improved survival pattern (p =
.0083) (Fig. 2D).

3.4. Antigen-Specific IFN-y Production and Association With Survival Pat-
tern of Patients with GBM

IFN-y responses of peripheral blood mononuclear cells (PBMCs)
from patients with GBM were measured by ELISA after stimulation
with the antigens listed in Supplementary Table S1, with or without cy-
tokine conditioning with IL-2/IL-15/IL-21 or IL-2/IL-7 (Methods sec-
tion). CMV pp65-specific IFN-y production by PBMCs correlated
closely with a better survival profile of the patients in the presence of
IL-2/IL-15/IL-21 conditioning (Fig. 3A). This was also found to be true
for IFN-vy production in response to EBNA-1 (Fig. 3B), EBNA-3a (Fig.
3C) and the surviving;_111 peptide TLGEFLKLDRERAKN (Fig. 3D). Con-
versely, IFN-y production in response to the NY-ESO1gq_g4 peptide
ARGPESRLLEFYLAM or EGFRVIII;_;3 peptide LEEKKGNYVVTDH did not
correlate with improved survival of patients with GBM (data not
shown). The surviving;_111 peptide was tested separately, in addition
to the survivin peptide mix due to its strong induction of IFN-y produc-
tion in TIL and PBMCs in an initial screen performed in our laboratory
(data not shown).

3.5. Targeted IFN-7y Responses to Surviving;_;;; Is Associated With Im-
proved Survival of Patients With GBM

Clinical and immunological parameters, as well as the antigen-
specific immune responses were submitted to univariate analysis to
test their relationship to patient survival (Table 2). The more general
immunological factors are distinguished from the antigen-specific im-
mune responses: the former designate (non-antigen-specific) serum
cytokines measurements, while the latter represent target-specific
IFN-y production in peripheral blood with or without cytokine condi-
tioning. The following clinical and immunological parameters were
found to be strongly associated with improved survival of patients
with GBM: age (p = .0439), tumour recurrence (p = .0397), Karnofsky
Performance Status (KPS) of patients (p = .0258), radiotherapy (p <
.0001), chemotherapy (p <.0001), serum levels of IL-4/IL-5/IL-6 (p =
.0022) as well as IFN-y/TNF-ot/IL-17A (p = .0083). Antigen-specific im-
mune responses, defined by IFN-y production of PBMCs to EBNA-1 (p <
.0001), EBNA-3a (p = .0091), CMV pp65 (p = .0238) as well as the
surviving;_q17 peptide TLGEFLKLDRERAKN (p = .0152) also correlated
with improved survival of patients with GBM, yet only in the presence
of [L-2/IL-15/IL-21 (Table 2). None of the antigen-specific immune re-
sponse parameters in the unconditioned and in IL-2/IL-7-conditioned
groups were statistically significant (data not shown).
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Fig. 2. Serum cytokine levels and their combinatorial effect on the survival pattern of patients with GBM based on univariate analysis. A sandwich ELISA was used for measuring levels of
cytokines designated as anti-inflammatory or pleiotropic (IL-4, IL-5 and IL-6) (A) as well as cytokines with pro-inflammatory or Th1 attributes (IFN-y, TNF-o and IL-17A) (B) in the sera of
patients with glioma (GBM and non-GBM) and expressed in pg/ml. Shown are fractions (in percentages) of proportion of individuals in the respective patient groups (GBM vs non-GBM)
who had detectable/non-detectable amounts of cytokine in serum compared to the entire sub-cohort (GBM = 145 patients; non-GBM patients = 60), based on the detection limit of the
commercial ELISA kits. The GBM and non-GBM group of patients exhibited a similar pattern in terms of cytokine levels in serum, with minor differences. Kaplan-Meier survival analyses
showing the combined effect of the two functional networks of serum cytokines: IL-4/IL-5/IL-6 (C) and IFN-y/TNF-ct/IL-17A (D) on the survival pattern of patients with GBM up to
1200 days post-surgery. Detection of ‘all’ or ‘none’ of the cytokines as opposed to only partial combinations (one or two cytokines) in each functional network was correlated with
improved survival. The interaction between individual cytokines in the two functional networks was also ascertained using Spearman'’s correlation.

3.6. Multivariate Analysis of Parameters to Visualise Independent Predictors
of Survival in GBM

Next, we determined whether the above-mentioned parameters/
factors could independently affect the survival of patients with GBM
using multivariant analysis. All parameters and factors that gave a p
value of <0.05 in the univariate analysis, including data from the three
separate culture conditions (non-cytokine-conditioned blood, IL-2/IL-
7-conditioned and IL-2/IL-15/IL-21-conditioned), that were fitted into
the forward-backward stepwise Cox regression model (proportional
hazards). Parameters that resulted in a significant p value (<0.05)
pertaining to the survival pattern of patients with GBM are listed in
Table 3. Radiotherapy (p <.0001; HR = 0.3368), chemotherapy (p =
.028; HR = 0.7143) and the combination of detectable levels of serum
IFN-v/TNF-at/IL-17A correlated positively with an improved survival
profile (p = .003; HR = 1.7851), with borderline significance for
serum IL-4/IL-5/IL-6 (p = .052; HR = 2.2645). PBMC produced IFN-y
in response to surviving;_;1; peptide only with IL-2/IL-15/IL-21 condi-
tioning (and not in the presence of IL-2/IL-7 or ‘unconditioned’), and
was identified as the sole factor reflecting an antigen-specific immune
response associated with improved survival of the patients (p = .024;
HR = 2.0756) (Supplementary Fig. S2). Approximately 24% of patients
with GBM exhibited IFN-y responses to the surviving;_;,; peptide in pe-
ripheral blood conditioned with IL-2/IL-15/IL-21 (Supplementary Fig.
S2). The effect of EBNA-1-specific IFN-y production (with IL-2/IL-15)
on patient survival followed a similar trend to the survivin peptide, al-
beit with borderline statistical significance (p = .051; HR = 1.6397).
Survivin protein expression and gene (BIRC5) transcription in GBM

lesions were also confirmed by immunohistochemistry and polymerase
chain reaction, respectively (Fig. 4), in agreement with previous reports
[22, 23]. 15/25 patients with GBM (60%) exhibited high expression
(>20%) of survivin protein in the tumour tissue based on immunohisto-
chemistry data (data not shown).

4. Discussion

Cytokine networks appear to be crucial in cancer initiation and dis-
ease establishment [24, 25] orchestrating immune responses that sus-
tain health or promote disease. This report provides the first evidence
that a combination of serum IL-4/IL-5/IL-6 or IFN-y/TNF-o/IL-17A, de-
tectable prior to surgery and cancer therapy, can predict the survival
profile of patients with GBM in the follow-up phase (see Supplementary
Fig. S5 for the consort diagram). We also show that circulating T cells
specific for EBV, CMV, or the surviving;_;1; peptide target can be condi-
tioned with a cocktail of IL-2/IL-15/IL-21 to produce IFN-y which corre-
lates with patient survival. To the best of our knowledge, this is also the
first study describing PBMC reactivity gauged by IFN-y production to a
single survivin peptide, as an independent predictor of improved sur-
vival among patients with GBM.

Chiorean and colleagues reported previously an association between
the upregulation of serum IL-8, endothelial hyperplasia as well as coag-
ulation necrosis, while VEGF upregulation was found to be linked with
ischemic necrosis in patients with GBM [8]. The authors, however, did
not find any correlation with patient survival. Previous studies have
assessed individual serum cytokines in relation to the survival of pa-
tients with cancer [26, 27], although the effect of cytokine networks
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Fig. 3. Antigen-specific [FN-y responses and survival of patients with GBM based on univariate analysis. Diluted peripheral blood of patients with GBM was exposed to viral targets (CMV
pp65 (A), EBNA-1 (B) and EBNA-3a (C)) as well as the survivingg;_111 peptide (D) over a 7-day period. Supernatants were then harvested for measuring antigen-specific IFN-y production.
Kaplan-Meier survival curves show the relationship between IFN-y concentrations and patient survival based on median concentration values for the viral targets (since the net IFN-y was
very high after medium control subtraction) or detectable and non-detectable IFN-y levels for the survivin peptide (since the net [IFN-y production was generally low after medium control
subtraction) following antigen stimulation. Blood samples from 145 patients with GBM were used in all whole blood assays, using the entire set of candidate targets, except for the testing
of surviving;_111 peptide, for which blood samples from 134 patients with GBM were used. Only antigen-specific IFN-y responses with a statistically significant positive correlation with
patient survival are shown. IFN-y production in response to other TAAs tested i.e. NY-ESO-1, survivin (combination of peptides spanning the entire surviving protein) and EGFRVIII peptide
pools, respectively did not exhibit a statistically significant correlation with improved survival of patients with GBM (data not shown).

remained underexplored. Cytokine networks, rather than individual cy-
tokines, provide a ‘high-resolution’ insight into disease mechanisms in-
volved in pathogenesis and progression i.e. the IL-15/IL-32 network in
pulmonary tuberculosis (a pertinent example of chronic inflammation)
[28], the IL-17/IL-6/TNF-ct/TGF-( axis in colorectal cancer [24] and IFN-
v/IL-6/TNF-at/IL-1f3 cross-talk in atherosclerosis [29]. In line with this,
the pleiotropic cytokine IL-6 can support plasma cell differentiation
and maintenance in the host synergistically with IL-5, in addition
to promoting inflammation on its own [21, 30]. Together with IL-4,
IL-6 can trigger the reduction of circulating Treg numbers by pro-
moting FoxP3 downregulation, which is highly favourable for suc-
cessful cell-based therapies in cancer [31]. Thus, the combinatorial
effect of IL-4, IL-5 and IL-6 may help to control the tumour burden
in patients by sustaining the production of TAA-specific antibodies
as well as antigen-specific T-cell reactivity without Treg-associated
disruption of productive immune responses [32]. IL-4 and IL-5 can
nevertheless be involved in inflammatory processes; IL-5 is associ-
ated with eosinophil induction in airway hyperreactivity and asthma
[33], while IL-4 upregulation is linked to IL-12p40 production by
dendritic cells, Th1 cell induction and cytotoxic lymphocyte activa-
tion [25, 34]. Since a survival benefit was also observed when no
serum cytokines were detected, the total absence of systemic
hyper-immune activation may be as likely as the presence of a bal-
anced cytokine network, in this case IL-4/5/6 and/or IFN-y/TNF-ot/
IL-17A, to contribute to clinically relevant and durable anti-tumour
immune responses that may be considered biologically relevant in
clinical immune-monitoring (Fig. 5). Furthermore, no statistical

significance was seen when the individual cytokines were tested
for an effect on survival benefit (Supplementary Fig. S6).

We observed that exclusively in the presence of IL-2/IL-15/IL-21
conditioning, detectable anti-surviving;_i1; IFN-y production by
PBMCs correlated with 70% of survival at 600 days post-surgery (also
reflected in the multivariate analysis) as opposed to under 25% among
non-responding patients with GBM. Encoded by the BIRC5 gene,
survivin is an anti-apoptotic protein which associates with caspase-9
to inhibit the intrinsic apoptotic pathway, while promoting mitosis in
cells; its overexpression in cancer cells perpetrates uncontrolled prolif-
eration leading to disease progression [35, 36]. Downregulation of
survivin expression in glioblastoma cell lines (G55T2 and U-87 MG)
via siRNA-based knockdown of the Special AT-rich Sequence-Binding
Protein 1 (SATB1) regulator has been shown to induce apoptosis and
cell growth arrest [37]. Furthermore, the survivin-based conjugate
vaccine SurVaxM was recently tested in a phase I clinical trial involving
patients with GBM (NCT02455557), while IMA950, a multi-peptide
conjugate vaccine candidate also incorporating the survivin
peptide TLGEFLKLDRERAKN, showed promising immunogenicity in
patients with GBM, which is currently in phase II clinical trials
(NCT01920191) for HLA-A*02+ individuals [38]. The survivings_111
TLGEFLKLDRERAKN peptide is also presented by frequent HLA-DR al-
leles (which trigger CD4+ T-cell responses) [39, 40]. We could also de-
tect survivin-directed immune reactivity among CD4+ and CD8+ TIL in
patients with GBM (Supplementary Fig. S4). We have previously shown
that TIL from GBM and pancreatic adenocarcinoma, after cultivation
with IL-2/IL-15/IL-21, display properties that are highly desirable for
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Table 2
Univariate analysis of clinical and immunological parameters in relation to survival of pa-
tients with GBM.
Factor P value
Clinical
Age 0.0439°
Median 63
Range 16-80
Gender 0.5543
M 99
F 46
Recurrence 0.0397°
2 15
1 35
0 95
Tumour diameter(cm) 0.7450
Median 4.5
Range 1-8
Radiology Oedema 0.1079
No 9
Moderate 79
Severe 57
Tumour Localisation 0.4205
Frontal 40
Parietal 30
Temporal 59
Rest 16
Mental status 0.0594
Normal 111
Minor confusion 25
Major/Gross confusion or Unconscious 9
KPS score 0.0258*
>80 104
<80 41
RPA classification before surgery 0.0435
5+6 121
3/4 22
ND 2
Extent of resection 02174
Complete 65
Partial 77
ND 3
Radiotherapy <0.0001°
Yes 107
No 37
ND 1
Chemotherapy <0.0001?
>2 70
1 67
0 8
Infection 0.1191
Yes 127
No 18
Immunological
Serum IL-4/IL-5/IL6 0.0022°
All or none 112
Partial 23
ND 10
Serum IFN-y/TNF-o/IL-17A 0.0083*
All or none 55
Partial 80
ND 10
Antigen-specific immune response
EBNA-1(IL-2/15/21) <0.0001?
IFN < 460.5 pg/ml 70
IFN 2460.5 pg/ml 71
ND 4
EBNA-3a(IL-2/15/21) 0.0091°
IFN < 86.1 pg/ml 70
IFN 286.1 pg/ml 71
ND 4
CMV Pp65(IL-2/15/21) 0.0238*
IFN < 224.5/ml 70
IFN 2224.5/ml 71
ND 4
Survivingz_111(IL-2/15/21) 0.0152°
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Table 2 (continued)

Factor P value
Undetectable 102
Detectable 32
ND 11

KPS: Karnofsky Performance Status; RPA: Recursive Partitioning Analysis; ND: Not
defined.
2 Included in multivariate analysis.

cellular therapy i.e. autologous tumour killing, TAA-specific [FN-y pro-
duction, and accumulation within the central memory phenotype [41,
42]. Taken together, our finding strongly suggests that surviving;_;11-
specific cellular immune-reactivity, enhanced by IL-2/IL-15/IL-21 is in-
tegral to the host-protective anti-tumour response in GBM.

EBV-directed IFN-y production (anti-EBNA-1 reactivity) was
also found to be associated with patient survival after multivariate anal-
ysis, albeit only with borderline statistical significance. Akin to
surviving;_i11-specific immune-reactivity, this was observed exclu-
sively with IL-2/IL-15/IL-21 conditioning and not with IL-2/IL-7 condi-
tioning or without cytokine conditioning. Anti-CMV/EBV immune
responses may not only indicate (viral) target-specific cellular immune
responses; impaired immune responses to both or either pathogen
often reflects immune dysfunction [43-46]. In contrast, strong “intact”
immune responses indicate ‘immune-fitness’, as demonstrated in pa-
tients with pulmonary tuberculosis: well-preserved anti-CMV/EBV
IFN-vy responses of PBMCs correlate with better survival following stan-
dard drug therapy [47]. Thus, it is plausible to conclude that amplifica-
tion of clinically relevant T-cell responses to TLGEFLKLDRERAKN with
IL-2/IL-15/IL-21, makes this cytokine combination a strong candidate
to expand antigen-specific T-cells for adoptive immunotherapy.

Patients diagnosed with GBM are given an intravenous dose of corti-
costeroids i.e. dexamethasone at admission to reduce brain oedema and
facilitate clinical improvement. However, the systemic effects of cortico-
steroids may abrogate a sizeable proportion of pro-inflammatory re-
sponses, including antigen-specific T-cell activity [48]. Our observation
that IL-2/IL-15/IL-21 conditioning of whole blood can exclusively
evoke survivingy_q1-directed as well as anti-EBV cellular immune re-
sponses suggests that immunosuppressed patients can also benefit
from this strategy.

This study has several benefits for strengthening future personalised
immunotherapy as well as immune-monitoring protocols. The WBA
(whole-blood-assay) can be easily used to screen patients with GBM
or advanced cancers of different histologies for the presence of
surviving;_q11-specific T cells, which may be isolated and expanded
in vitro with IL-2/IL-15/IL-21 for reinfusion. Additionally, peptide-
specific T-cell receptors (TCRs) recognising surviving;_;1; may be
cloned and transferred for transgenic expression in effector T cells, as
was recently reported for the KRAS G12D mutation in patients with co-
lorectal cancer [49]. The significance of cytokine networks i.e. IL-4/IL-5/
IL-6 and IFN-y/TNF-o/IL-17A in predicting patient survival also
broadens the examination of other biological mediators that can be eas-
ily measured in blood samples using established and qualified diagnos-
tic methods.

Table 3

Forward and backward stepwise multivariate analysis model of confirmed prognostic var-
iables (Cox proportional hazards model) from univariate analyses to determine single fac-
tors to predict survival of patients with GBM.

Stepwise(COX) HR P 95% CI

Radiotherapy 0.3368 <0.0001 0.20435 0.55502
Chemotherapy 0.7143 0.028 0.52857 0.96521
EBNA1 1,0.6397 0.051 0.99820 2.69339
Survivingz_111 2.0756 0.024 1.09916 3.91960
IL4/5/6 1.7851 0.052 0.99582 3.19990

IFN-y/TNF-ot/IL-17A 2.2645 0.003 1.33067 3.85354
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Fig. 4. Intratumoural survivin/BIRC5 expression in relation to survival of patients with GBM. Kaplan-Meier survival analyses showing BIRC5 gene expression (A) as well as survivin protein
expression (B) in GBM tissue samples in relation to the survival pattern of patients with GBM. Molecular analysis of BIRC5 gene transcription levels in GBM tissue was measured by real-
time polymerase chain reaction, while survivin protein expression in paraffin-embedded GBM tissue sections was detected using immunohistochemistry. For BIRC5 gene transcription,
low expression indicates a delta cycle threshold (CT) value of >6.4, while high expression indicates a delta CT value of <6.4. Twenty samples from patients with GBM were tested. ACT
range was 3.56-10.00 and the median ACT value was 6.4. Thirteen samples exhibited ACT > 6.4 and the remaining seven samples ACT <6.4.
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