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Abstract 

Background:  Patients with brain tumor or pancreatic cancer exhibit the poorest prognosis, while immune fitness 
and cellular immune exhaustion impacts their survival immensely. This work identifies differences in the immune 
reactivity to the common human pathogens cytomegalovirus (CMV) and Epstein–Barr virus (EBV) between patients 
with brain tumor in comparison to those with pancreatic cancer and healthy individuals.

Methods:  We characterized the humoral and cellular immune responses of patients with brain tumor or pancreatic 
cancer to cytomegalovirus structural protein pp65 (CMV-pp65) as well as Epstein–Barr nuclear antigen-1 (EBNA-1) by 
whole-blood assay and ELISA.

Results:  Anti-CMV-pp65 plasma immunoglobulin gamma (IgG) titers were significantly lower in patients with brain 
tumor compared to healthy donors and patients with pancreatic cancer. Among the responding patients with GBM, 
those with a weak anti-CMV IgG response also had a decreased median overall survival (p = 0.017, 667 vs 419 days) 
while patients with brain tumor showed a generally suppressed anti-CMV immune-reactivity. Patients with brain 
tumor exhibited a significantly lower interferon gamma (IFNγ) response to EBNA-1 and CMV-pp65 compared to 
patients with pancreatic cancer or healthy donors. This antigen-specific response was further amplified in patients 
with brain tumor upon conditioning of whole blood with IL-2/IL-15/IL-21. Exclusively in this setting, among the 
responding patients with GBM, those exhibiting a EBV-specific cellular immune response above the median also dis‑
played an increased median overall survival pattern compared to weak responders (753 vs 370 days, p < 0.001).

Conclusions:  This report provides (i) a fast and easy assay using common viral antigens and cytokine stimulation to 
screen for immune fitness/exhaustion of patients with brain tumor in comparison to pancreatic cancer and healthy 
individuals and (ii) EBV/CMV-induced IFNγ production as a potential marker of survival in patients with brain tumor.
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Background
Human malignant glioma (brain tumor) and pancreatic 
cancer are characterized by poor prognosis following 
diagnosis. Patients with pancreatic cancer have a 5-year 
survival rate of 5% [1], while the situation is worse for 
patients diagnosed with glioblastoma multiforme (GBM), 

the most malignant form of glioma, whose 5-year sur-
vival rate is frequently below 3% despite treatment [1–3]. 
Studies have revealed that the tumor microenvironment 
in patients with either cancer diagnosis is dysfunctional 
and immunosuppressive in nature, characterized by the 
low number of tumor infiltrating lymphocytes (TILs), 
dysfunctional T-cell receptors (TCR), T-helper 2 (Th2) 
skewed cytokine and generally low tumor immuno-
genicity [2, 4, 5]. It is therefore plausible to assume that 
these underlying biological factors may inevitably have 
an observable effect on immune responses to common 
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infectious agents, including Epstein–Barr virus (EBV) 
and cytomegalovirus (CMV).

CMV- or EBV-associated disease mostly occurs in indi-
viduals with a compromised immune system arising from 
transplantation, human immunodeficiency virus co-
infection (HIV), autoimmunity or cancer to list a few [6]. 
EBV and to a lesser extent CMV are implicated in cancer 
owing to their onco-modulatory properties. Nasopharyn-
geal carcinoma (NPC) and post-transplant lymphopro-
liferative disorder (PTLD) are attributed to EBV-driven 
pathogenesis. Furthermore, active EBV can perpetrate 
acute clinical pancreatitis, where reduced numbers of 
CD57+ CD8 T cells have been observed, indicating ham-
pered cell-mediated immune responses in conjunction 
with chronic immune activation and reduced responsive-
ness to cognate epitopes [7, 8]. Interferon gamma (IFNγ) 
and tumor necrosis factor alpha (TNFα) production by 
CD4+ T helper 1 (Th1) targeting EBV nuclear antigen 1 
(EBNA-1) in patients with breast cancer harboring the 
latent form of EBV correlated with better clinical out-
come compared to those infected with the replicative 
form of the virus [9]. No direct association of EBV infec-
tion in brain tumor or pancreatic cancer has been shown 
to date although its implication in glioma has drawn 
recent attention [10]. Although initial studies link anti-
cancer responses potentially orchestrated by EBV-spe-
cific T cells, this hypothesis requires formal testing.

CMV-derived components such as viral DNA and pro-
tein antigens in GBM tumors have been long debated and 
remain controversial [11]. CMV-positive patients with 
GBM receiving valganciclovir adjunctively to standard 
chemotherapy showed overall improved survival after 
antiviral therapy [12], yet other groups have not observed 
any evidence of increased CMV DNA load in the tumor 
[13]. Interestingly, human cytotoxic T cells specific for 
CMV structural protein pp65 (CMV-pp65) can recognize 
and kill human primary GBM as well as leukemic cells 
[14, 15], while a CMV-based vaccine candidate facilitated 
enhanced survival among patients with GBM in a recent 
clinical trial [16].

Several reports have described the humoral response to 
CMV and EBV in association with brain tumor [17–19]. 
However, to the best of our knowledge, specific IFNγ 
production to EBV and CMV in patients with pancre-
atic cancer or brain tumor remains unexplored. CMV-
pp65 is a strong TCR agonist that is widely used to gauge 
the immune competence of individuals, while EBNA-1 
is associated with latent EBV infection [20], and con-
tains epitopes capable of inducing strong CD4+ T-cell 
responses and antibody production.

While the specific IFNγ production to tumor asso-
ciated antigen (TAA) would highlight the exclusive 
response to cancer antigen, IFNγ response to common 

viral antigens in Sweden such as CMV-pp65 and EBNA-1 
(prevalence above 80%) may reflect general immuno-
logical balance versus immune exhaustion [21, 22]. We 
reported here the anti-CMV/EBV humoral and cellular 
immune response profile of patients with brain tumor in 
comparison to those with pancreatic cancer and healthy 
individuals (HD). The results of this study are expected 
to contribute to developing CMV/EBV-directed immune 
reactivity as valuable biomarkers of immune fitness in 
patients with advanced cancer.

Methods
Patient characteristics/cohort description
A total of 374 patients with brain (n = 314) or pancreatic 
cancer (n = 60) registered at the Karolinska University 
Hospital, Stockholm were recruited for this study fol-
lowing informed consent (diary numbers: 2013/576-31 
and 2013/977-31). Patients with brain tumor presented 
with the following diagnoses: glioblastoma multiforme 
(GBM), astrocytoma (A), oligoastrocytoma/oligoden-
droglioma (OA/OD) or metastases (M). Patients with 
brain tumor received corticosteroids (betamethasone) 
prior to blood sampling as described earlier [23]. Blood 
samples were collected in heparin-containing vacutainer 
tubes on the day of surgery prior to initiation of anesthe-
sia and processed in the laboratory within 24 h. Plasma 
was obtained after centrifugation and stored at − 20  °C 
for later analysis. None of the participating patients had 
undergone surgery or started chemotherapy at sample 
collection. The clinical characteristics of the study cohort 
are summarized in Table 1. Samples from age- and sex-
matched healthy donors (HD) recruited for a previous 
study (DN 2009/1183-3) were used as baseline controls 
(n = 244) [24].

Quantitative indirect ELISA for antigen‑specific plasma IgG
CMV- and EBV-specific IgG was evaluated by quantita-
tive indirect ELISA previously described [25]. Briefly, 
in a 96-well ELISA plate, human IgG (Sigma, USA) was 
used for reference standard in a 7-point serial dilution 
(1:2 ratio) in duplicates and EBNA-1 and CMV-pp65 
whole proteins (CMV-215-C and EBV-271-C, Prospec, 
Ness-Ziona, Israel) as coating antigens. The plate was 
incubated for 1  h at 37  °C. After five washes, diluted 
patient plasma samples were added to the assay plate and 
incubated for 2 h at 20 °C. After 5 washes, the plate was 
incubated with a secondary anti-human IgG monoclonal 
antibody (Alkaline phosphatase-conjugated, 1:1000 dilu-
tion, Mabtech, Stockholm, Sweden) for 1 h at 20 °C. Para-
nitrophenylphosphate (pNPP, Thermo Fisher Scientific, 
MA, USA) was then added and incubated for 45 min at 
20  °C in the dark and the reaction was stopped by add-
ing 1 N sodium hydroxide (NaOH). The optical density 
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was measured at 405 nm using a Vmax kinetic microplate 
reader.

Whole blood assay (WBA) and IFNγ enzyme‑linked 
immunosorbent assay (ELISA)
Whole blood was first diluted at a ratio of 1:1.5 with 
either RPMI 1640 medium containing l-glutamine 
(2  mM) with antibiotics (100  IU/ml penicillin and 
100  µg/ml streptomycin) (Life Technologies, Carlsbad, 
USA) alone or supplemented with the following cytokine 
cocktail: IL-2 (1000  IU/ml), IL-15 (10  ng/ml) and IL-21 
(10  ng/ml) (Prospec, Ness-Ziona, Israel). Diluted blood 
was added in duplicates for each condition to 96-well 
plates pre-coated with the proteins EBNA-1 or CMV-
pp65 (Prospec, Ness-Ziona, Israel) at a final concentra-
tion of 1  μg/ml and incubated for 7  days at 37  °C with 
5% CO2 as previously described [26, 27]. Antigen-free 
medium was used as negative control while phytohe-
magglutinin protein (PHA 5  μg/ml, Sigma Aldrich) was 
used positive control. Cell culture supernatants were 
harvested after the incubation period to quantify IFNγ 
production by sandwich ELISA (Mabtech, Stockholm, 
Sweden) according to the manufacturer’s instructions. 
Assay plates were analyzed using a Vmax kinetic micro-
plate reader (Molecular Devices, USA) at 450 nm. After 
basal IFNγ production (medium only) subtraction, data 
were reported as absolute cytokine concentration values 
(pg/ml).

Data processing and statistical analysis
First, data were reported and analyzed as absolute anti-
gen-specific IFNγ production (pg/ml). To further assess 
the patients’ ability to respond to the specific viral anti-
gens and analyze between patient groups and healthy 
donors, we estimated the virus-specific IFNγ production 
relative to the basal IFNγ production (medium only, no 
stimulation) by dividing the virus-specific IFNγ produc-
tion by the basal IFNγ production. This provides the rela-
tive IFNγ production (rIFNγ) by circulating lymphocytes 

directed against CMV-pp65 or EBNA-1. To charac-
terize the impact of the cytokine cocktail (IL-2/IL-15/
IL-21) on antigen-specific IFNγ production, the delta 
(Δ) value of difference was reported as ΔIFNγ produc-
tion calculated by the antigen-specific IFNγ production 
with cytokine conditioning subtracted by the antigen-
specific IFNγ production without cytokine condition-
ing. GraphPad Prism 6 software (La Jolla, California, 
USA) was used for data processing and statistical analy-
sis. The Kruskal–Wallis test followed by Dunn’s post-test 
was used to compare the different group of patients with 
controls. Correlation was assessed by linear regression (r2 
value) after log transformation of the data, 0 values were 
ascribed a nominal values of 0,1  pg/ml. Patient survival 
was evaluated via Kaplan–Meier survival analysis with 
log-rank test over 1168 days after sampling and surgery 
(post-OP). The patients were classified as either high 
or low IFNγ producers, or having high/low IgG titers 
according to the median value measured. p value of less 
than 0.05 was considered significant.

Results
Specific IgG response to CMV‑pp65 among patients 
with cancer and healthy donors
Before evaluating the EBV- and CMV-specific cel-
lular immune response of patients with brain cancer, 
we determined the titers of plasma IgG specific for 
EBNA-1 or CMV-pp65 using an indirect ELISA method 
developed in-house. After sex- and age-matching of 
the groups with healthy donors (HD), we compared 
plasma IgG recognition of EBNA-1 or CMV-pp65 
among patients with brain tumor or pancreatic can-
cer with that of HD. No statistically significant differ-
ences in the recognition of EBNA-1 by plasma IgG were 
observed (data not shown). However, we did observe 
a significantly low level of CMV-pp65-specific IgG 
among patients with brain tumor compared to those 
with pancreatic cancer (at least p < 0.001, Fig.  1 a). 
With the exception of patients with oligoastrocytoma/

Table 1  Patients information

Clinical characteristics of cancer patients and healthy individuals participating in the study

M/F male/female, GBM glioblastoma multiforme, A astrocytoma, OA/OD oligoastrocytoma/oligodendroglioma, M metastatic disease

Patient characteristics Brain tumor Pancreatic cancer Healthy donor

GBM A OA/OD M

Sample size (N) 185 52 33 44 60 244

Age median (years) 63 34 41 60 72 57

Age range (years) 16–80 19–75 22–62 30–84 42–88 17–87

Gender (M/F) % 66/34 73/27 48/52 46/54 62/38 58/42
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oligodendroglioma (OA/OD) showing higher humoral 
immune recognition of CMV-pp65 compared to 
patients with other diagnoses of brain tumor (at least 
p < 0.05), patients with brain tumor had a significantly 
low level of CMV-pp65-specific plasma IgG (p < 0.05) 
compared to healthy individuals (HD). The overall sur-
vival of patients with GBM post-OP was not associated 
with humoral immune responses to CMV-pp65 (465 vs 
446 days, Fig. 1 b, top panel). However, among patients 
with detectable anti-CMV IgG, those with higher titers 
of antibody exhibited an increased overall median sur-
vival than those with lower IgG titers (p = 0.017, 667 vs 
419 days, Fig. 1 b, bottom panel).

IFNγ responses of patients with brain tumor to EBV 
and CMV antigens
The whole blood assay (WBA) provides a quick and 
easy assessment of the cellular antigen-specific immune 
response of circulating lymphocytes since it can be per-
formed directly in blood samples without the need for 
cell isolation. The response to the positive control (PHA) 
showed a significant lower IFNγ production by patients 
with brain tumor compared to patients with pancreatic 

cancer as well as HD (p < 0.001, Additional file 1: Figure 
S1A). Note that patients with pancreatic cancer produced 
significantly more IFNγ to PHA (p < 0.016) than HD while 
conversely, patients with pancreatic cancer exhibited 
significantly lower basal IFNγ production compared to 
patients with brain tumor as well as HD (p < 0.01, Addi-
tional file 1: Figure S1B).The basal IFNγ production was 
found to be higher in the patients with astrocytoma (A) 
as compared to HD and patients with pancreatic cancer 
(p < 0.001) as well with metastasis (p < 0.017). Regarding 
the response to viral antigens EBNA-1 and CMV-pp65, 
patients with brain tumor [GBM, OA/OD, astrocytoma 
(A) and brain metastasis (M)] produced significantly 
less IFNγ as compared to patients with pancreatic can-
cer as well as HD (p < 0.001, Fig.  2 a, b). No significant 
differences in the viral antigen specific IFNγ production 
among patients with brain cancer groups were observed.

We next examined whether differences in the anti-
viral cellular immune response between the patients 
groups and healthy donors were indeed specific to EBV 
and CMV antigens or rather a manifestation of disease-
related immune status, considering that cancer treatment 
may also affect the patients’ immune response. This was 

Fig. 1  a IgG recognition of CMV-pp65 in plasma of healthy donors and patients with brain tumor or pancreatic cancer. Box stars indicate statistical 
significance of IgG levels in response to CMV-pp65 with all the other groups. Medians are shown for each group when superior to 0. Kruskal–Wallis 
test followed by Dunn’s post-test was performed to gauge statistical significance *p < 0.05; **p < 0.01; ***p < 0.001. b Survival of the patients 
with GBM based on the CMV-specific IgG levels. Median concentration of CMV-specific IgG levels was used as a cut-off to generate two groups: 
individual with “high” vs. “low” CMV-specific IgG. Top panel: all GBM patients (n = 151). Bottom panel: GBM patients with detectable anti-CMV IgG 
(n = 107). GBM glioblastoma multiforme, A astrocytoma, OA/OD oligoastrocytoma/oligodendroglioma, M metastatic disease, Panc Cancer pancreatic 
cancer, HD healthy donor and Post-OP post-operation
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particularly pertinent to patients with GBM, who receive 
heavy corticosteroid therapy (dexamethasone, beta-
methasone) following diagnosis for relief from the effects 
of non-specific, deleterious inflammation in the brain 
(largely oedema) while dampening their Th1 response 
[28]. The relative IFNγ production (hereafter referred 
to as rIFNγ) analysis allows normalization of the abso-
lute cytokine concentration values measured and a more 
accurate assessment of the T cells’ capacity to respond 
to specific stimuli. Using this readout, we found patients 

with brain tumor to exhibit rIFNγ in response to CMV-
pp65 and EBNA-1 significantly lower extent than HD and 
patients with pancreatic cancer (p < 0.001, Fig. 2 c, d) and 
only -EBNA-1-specific rIFNγ response of patients with 
pancreatic cancer was found higher as compared to HD 
(p = 0.006, Fig. 2 d).

In summary, patients with brain tumor are more likely 
to mount lower IFNγ responses in whole blood to both 
EBNA-1 and CMV-pp65 compared to healthy individuals 
and patients with pancreatic cancer.

Fig. 2  IFNγ production in response to EBV and CMV antigens in patients with cancer and in healthy donors. a, b Absolute values of the CMV-pp65 
and EBNA-1-specific IFNγ production for each group. c, d Relative IFNγ production against CMV-pp65 and EBNA-1 antigens for each group. 
Kruskal–Wallis test followed by Dunn’s post-test was performed to gauge statistical significance *p < 0.05; **p < 0.01; ***p < 0.001. Box stars indicate 
statistical significance of IFNγ production with all the other groups. GBM glioblastoma multiforme, A astrocytoma, OA/OD oligoastrocytoma/
oligodendroglioma, M metastatic disease, Panc Cancer pancreatic cancer and HD healthy donor
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IFNγ responses of patients with brain tumor to EBV 
and CMV antigens with IL‑2/IL‑15/IL‑21 conditioning
The whole blood of patients with cancer was also 
exposed to IL-2, IL-15 and IL-21 in culture, which we 
have previously reported to have a pronounced effect 
on amplifying tumor-directed T-cell responses [23, 
29, 30]. Akin to our previous observation, patients 
with brain tumor mounted a significantly lower IFNγ 
response to EBNA-1 as well as CMV-pp65 compared 
to patients with pancreatic cancer (p < 0.001, Fig.  3 
a, b). Differences observed between patients in the 
IFNγ response to controls (PHA and medium only) 
under cytokine conditioning was conserved and simi-
lar to the one observed without cytokine conditioning 
(Additional file 1: Figure S1A–D) In general, circulat-
ing lymphocytes from patients with cancer responded 
very well to cytokine conditioning, marked by an 

increase in IFNγ production (Fig. 3 a, b and Additional 
file 1: Figure S1C, D). Although, the immune reactivity 
to EBNA-1 and CMV-pp65 appeared to differ depend-
ing on the cancer type: the magnitude of increase in 
antiviral IFNγ response following cytokine condition-
ing of whole blood was less pronounced in patients 
with brain tumor compared to those with pancreatic 
cancer (p < 0.05, Fig. 3 c, d). Specifically, patients with 
GBM presented the lowest IFNγ increase production 
to CMV-pp65 and EBNA-1 (ΔIFNγ production median 
respectively only + 200 and + 291.2  pg/ml) that were 
significantly lower that the patients with pancreatic 
cancer (p < 0.001, ΔIFNγ production median up to 
+ 2800 pg/ml, Fig. 3 c, d). Overall, the response to PHA 
stimulation after IL2/IL-15/IL-21 conditioning was 
significantly improved (Additional file  1: Figure S1E) 
while IFNγ production was not increased drastically in 

Fig. 3  IFNγ production in response to EBV and CMV antigens under IL-2/IL-15/IL-21 cytokine conditioning in patients with cancer. a, b Absolute 
values of the CMV-pp65 and EBNA-1-specific IFNγ production for each group. c, d IFNγ production difference between unconditioned and with 
IL-2/IL-15/IL-21 cytokine conditioning in response to CMV-pp65 and EBNA-1 antigens. e, f Relative IFNγ production against CMV-pp65 and EBNA-1 
antigens for each group. Kruskal–Wallis test followed by Dunn’s post-test was performed to gauge statistical significance *p < 0.05; **p < 0.01; 
***p < 0.001. Box stars indicate statistical significance of IFNγ production with all the other groups. GBM glioblastoma multiforme, A astrocytoma, 
OA/OD oligoastrocytoma/oligodendroglioma, M metastatic disease and Panc Cancer pancreatic cancer
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the absence of antigen stimulation (ΔIFNγ production 
median < + 100 pg/ml, Additional file 1: Figure S1F).

Under cytokine conditioning, the rIFNγ production 
generally showed relative improvement by a factor 
of > three-fold (Fig. 3 e, f ) compared to the rIFNγ values 
without cytokine conditioning (Fig.  2 c, d). Similar to 
the observation made without cytokine conditioning, 
patients with brain tumor showed a significantly lower 
rIFNγ production as compared to the patients with 
pancreatic cancer (p < 0.001, Fig. 3 e, f ).

In summary, patients with brain tumor are less 
responsive to cytokine stimulation as compared to 
patients with pancreatic cancer.

Correlation between IFNγ response to EBV and CMV 
antigens among patients with brain tumor or pancreatic 
cancer
In our analyses thus far, patients with GBM were immu-
nologically more impaired than patients with pancre-
atic cancer in terms of cellular immune responses to 
the two studied viral antigens. To further analyse those 
observations, we test whether the immune responses of 
patients with cancer to EBNA-1 and CMV-pp65 were 
correlated to each other. Without cytokine condition-
ing, a poor correlation was observed among healthy 
individuals (r2 = 0.315, Fig. 4 a). The IFNγ responses to 
CMV and EBV in patients with GBM were not corre-
lated in the absence (r2 = 0.255) or presence (r2 = 0.181) 
of cytokine conditioning (Fig. 4 b, c). Similar observa-
tion was made in the other patients with brain cancer 
(Additional file  1: Figure S1). Contrarily, patients with 
pancreatic cancer presented a significant correlation 
between immune reactivity to the viral antigens with-
out cytokine conditioning (r2 = 0.578, Fig.  4 d) and 
cytokine conditioning showed to enhance that correla-
tion (r2 = 0.885, Fig. 4 e).

Thus, we concluded that unlike patients with pancre-
atic cancer, patients with brain cancer did not shared 
direct correlation between their CMV- and EBV-spe-
cific cellular immune responses and did not have the 
correlation strengthened by cytokine conditioning.

Survival of the patients with GBM correlates with IFNγ 
responses to EBV antigen
Altogether, our data exposed an impaired cellular 
immune response of the patients with brain tumor and 
more specifically with GBM in contrast to healthy indi-
viduals or patients with pancreatic cancer. Consider-
ing the number of patients allocated to each group for 
the cellular immune response analysis, we were only 
able to evaluate the survival of patients with GBM due 
to the large cohort size (n = 136). Without cytokine 

conditioning, no correlation between survival post-sur-
gery (post-OP) and the viral specific IFNγ production 
were defined (Fig.  5 a, b) but patients with an EBNA-
1-specific IFNγ production above the median show a 
trend (p = 0.099) towards a better survival (median sur-
vival 753 versus 375 days). No difference in the survival 
was highlighted between patients with virus-specific 
rIFNγ production below and above the median (Fig. 5 c, 
d).

With cytokine conditioning, survival was not affected 
by the CMV-pp65-specific IFNγ production while the 
median survival post-surgery was higher among patients 
who responded robustly to EBNA-1 (p < 0.001, 753 ver-
sus 370  days) (Fig.  5 e, f ). This observation however 
was also found to be true for PHA-driven IFNγ produc-
tion (p = 0.025, Additional file  1: Figure S1). Therefore, 
to examine whether improved survival is a direct con-
sequence of an efficient anti-viral response or rather a 
representation of the general immune potential of the 
patients reflected by their ability to respond to cytokine 
conditioning, we analyzed the survival pattern of the 
patients based on the rIFNγ values specific to EBNA-1 
and CMV-pp65 antigens. While the rIFNγ to CMV-
pp65 did not seem to influence the survival, this readout 
showed only a trend towards an improved overall median 
survival of the GBM patients with a robust EBNA-1-spe-
cific rIFNγ (555 vs 375 days p = 0.096, Fig. 5 g, h).

Discussion
Chronic local inflammation in response to pathogens 
and/or autoantigens, orchestrated by a combination 
of innate and adaptive immune cell activity can lead 
to the oncogenesis of solid tumors [31]. Such pertur-
bation of the overall immunological equilibrium may 
compromise the immune system’s ability to deter pro-
ductive infection by latent pathogens and associated 
clinical disease [32, 33]. Therefore, well-preserved 
pathogen-directed immune responses reflect a certain 
level of immunological fitness in patients with cancer. 
IFNγ produced by T cells has, among its various bio-
logical functions, an essential role in the anti-viral and 
anti-tumor immune defense [34]. Earlier clinical stud-
ies involving patients with advanced cancer indicate 
that reduced or impaired IFNγ signaling may nega-
tively affect patient survival [35–38]. The present report 
describes for the first time CMV- and EBV-specific 
immune responses—characterized by antigen-specific 
IFNγ production and humoral immune responses—in 
chemotherapy-naïve patients with pancreatic cancer or 
brain tumor.

First, we observed in the present study cohort that 
CMV-pp65-specific but not EBNA-1-specific plasma 
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IgG levels were different among patients with cancer 
and healthy donors. Plasma IgG level is usually indica-
tive of a past infection, and although not assayed in con-
junction with other Ig subclasses recognizing EBV early 
antigen or viral capsid antigen, our data suggests that the 
patients in the cohort described here have well-preserved 
humoral immunity to EBV infection. On the contrary, 

patients with brain tumor showed a lower IgG response 
to CMV as opposed to patients with pancreatic cancer 
and healthy individuals. This observation agrees with 
a clinical study in which 8 out of 15 patients with high-
grade glioma who presented with low-to-no CMV DNA 
present despite testing positive for CMV-specific IgG 
[13]. Earlier studies by Wrensch et al. [39, 40] described 

Fig. 4  Correlation between EBNA-1 and CMV-pp65 immune responses among healthy individuals, patients with GBM and pancreatic cancer. a 
Correlation among healthy individuals. b Correlation among patients with brain tumor. c Correlation under IL-2/IL-15/IL-21 cytokine conditioning 
among patients with brain tumor. d Correlation among patients with pancreatic cancer. e Correlation under IL-2/IL-15/IL-21 cytokine conditioning 
among patients with pancreatic cancer. Linear regression was plotted, and a R2 value (steepness of curve) more than 0.5 was indicative of a direct 
correlation between EBV- and CMV-directed responses. HD healthy donor, GBM glioblastoma multiforme and Panc Cancer pancreatic cancer

Fig. 5  Survival of the patients with GBM based on the CMV- and EBV-specific IFNγ production. Kaplan–Meier curve shows the overall survival of 
GBM patients with detectable IFNγ response. Median concentration of detectable virus-specific IFNγ production was used as a cut-off to generate 
two separate groups: “< median” and “> median” antigen-specific response. a–d IFNγ production without IL-2/IL-15/IL-21 cytokine conditioning 
a, b Survival based on the absolute IFNγ production in response to CMV-pp65 (n = 56) and EBNA-1 (n = 61). c, d Survival based on the relative 
IFNγ production in response to CMV-pp65 (n = 56) and EBNA-1 (n = 61). e–h IFNγ production with IL-2/IL-15/IL-21 cytokine conditioning e, f 
Survival based on the absolute IFNγ production in response to CMV-pp65 (n = 108) and EBNA-1 (n = 117). g, h Survival based on the relative IFNγ 
production in response to CMV-pp65 (n = 108) and EBNA-1 (n = 117). Post-OP post-operation

(See figure on next page.)
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lower IgG response to varicella-zoster virus (VZV) but 
did not report any direct association with other herpesvi-
ruses i.e. CMV and EBV, while Amirian et al. [18] showed 
that among CMV IgG-positive patients, those with the 
lowest level of anti-CMV IgG presented the highest gli-
oma risk. Of note, an exploratory study described the 
poor reliability of serology tests to define CMV infection 
in patients with GBM as the authors observed discrep-
ancy between cellular and humoral immune reactivity to 
CMV peptides [19]. Additionally, CMV-specific T cells 
have been found at a low frequency yet protective against 
CMV infection in CMV-seronegative kidney transplant 
recipients and after a short CMV-pp65 peptide stimula-
tion, 75% of healthy CMV-seronegative donors exhibited 
a CMV-specific T cell response [41, 42]. This discord-
ant response between cellular and humoral immunity 
toward CMV antigens have been earlier described show-
ing proliferative response to CMV antigens by PBMCs of 
CMV-seronegative donors [43]. Therefore EBV or CMV 
serology of healthy individuals or patients with cancer 
may not necessarily reflect the status of their cell-medi-
ated immunity to these viruses.

Numerous studies and clinical observations have 
shown that immunological control of latent infection 
with CMV and/or EBV in humans requires adequately 
intact T-cell responses [9, 44, 45]. Thus, upon antigen 
encounter, these CMV-directed lymphocytes should be 
able to expand rapidly and respond with cytokine pro-
duction (i.e. IFNγ, TNFα, IL-2) and/or cytotoxicity [46]. 
Interestingly, anti-CMV T-cell responses detected in 
human GBM tumor tissue have been suggested to play 
a role in driving anti-tumor immune responses in some 
patients [14, 47]. We however observed that exposure 
of peripheral blood of patients with malignant glioma 
to CMV-pp65 antigen in the absence of cytokine con-
ditioning did not enhance significantly the IFNγ pro-
duction. The same appeared to be true for exposure 
to EBNA-1 protein as well as PHA. It is noteworthy to 
point out here that patients with GBM or brain metasta-
ses displayed particularly meagre IFNγ responses to the 
viral proteins or mitogen. This is a stark representation 
of the general immune impairment in these individuals, 
which has been in part attributed to the reduced respon-
siveness of peripheral blood T cells from brain tumor 
patients to IL-2 further to the use of corticosteroids to 
reduce brain inflammation [28, 48]. Moreover, potentially 
elevated expression of immune checkpoint molecules 
i.e. programmed cell death 1 (PD-1), cytotoxic lympho-
cyte-associated antigen 4 (CTLA-4) could also drive 
general exhaustion of T cells in patients with GBM as 
previously reported [49, 50]. GBM is the most aggressive 
form of malignant glioma, while the occurrence of brain 
metastases is  also suggested  to impair cell-mediated 

immunity owing to increased transforming growth fac-
tor beta (TGF-β) levels, elevated numbers of circulat-
ing and tumor-infiltrating regulatory T cells (Treg) and 
non-productive inflammatory processes [3, 28, 51]. Also, 
CMV- and EBV-directed IFNγ production in peripheral 
blood has been linked to better survival among patients 
with tuberculosis (characterized by aberrant immunopa-
thology leading to systemic immune dysregulation that 
also manifests in T-cell exhaustion) after successful com-
pletion of standard antibiotic therapy [52]. Thus, albeit 
immune checkpoint expression on T cells, their ability to 
react to stimulation by CMV/EBV is not abrogated and 
thus hints at a more intense nature of immune suppres-
sion experienced by patients with glioma compared to 
those with pancreatic cancer.

Impairment of T-cell activity due to cellular exhaustion 
(where inflammation plays an important role) can gen-
erally predict disease progression, thus patient survival. 
Since immune exhaustion is characterized by reduced 
ability to produce cytokines and proliferate, the IFNγ 
production profile in whole blood presented represents 
an important characteristic of immune fitness—with 
regard to the cellular immune compartment [53, 54]. EBV 
and CMV specific T cells can have high PD-1 expression, 
resulting from persistent TCR stimulation during chronic 
infection [55], which is also governed by T-cell memory 
and activation status thus exerting a profound effect on 
their functionality [56, 57]. Interestingly, CMV-specific 
T cells have also been implicated in clearance of chronic 
hepatitis C virus infection [58], while being functionally 
intact in patients with chronic lymphocytic leukemia 
despite general T-cell impairment in addition to immune 
exhaustion [59]. Also, CMV- and EBV-directed IFNγ 
production in peripheral blood has been linked to better 
survival among patients with tuberculosis (characterized 
by chronic inflammation) after successful completion of 
standard antibiotic therapy [52].

Cytokine conditioning of peripheral blood in the 
present study had a pronounced effect on IFNγ pro-
duction to viral antigen exposure. Furthermore, 
the influence of the cytokine conditioning-induced 
increase of IFNγ production in whole blood appeared 
to vary between patient groups and the viral antigens 
themselves (CMV-pp65 vs EBNA-1). T cell populations 
may display different degrees of sensitivity to cytokine 
exposure largely due to immune dysfunction-driven 
dynamics of the surface cytokine receptor expression, 
as reported in cancer [48]. Furthermore, we previously 
reported that TILs from pancreatic tumor as well as 
GBM tissue can be successfully expanded in culture 
medium containing IL-2, IL-15 and IL-21, leading to 
proliferation of central memory T cells with strong 
effector functions and a rich TCRVβ repertoire, hinting 
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at a wide epitope recognition potential [29, 30]. In addi-
tion, cytokine effect in reducing the numbers of pre-
apoptotic cells and restoring TCR function in patients 
with HIV infection or acute myeloid leukemia has been 
previously reported [60, 61]. In agreement with the 
existing evidence, treating whole blood of patients with 
cancer with IL-2, IL-15 and IL-21 markedly improved 
the antigen-specific IFNγ response regardless of exist-
ing immunosuppression, thereby suggesting clinical 
applicability.

Recognition of CMV antigens by plasma IgG in 
patients with GBM is generally lower as compared to 
healthy individuals and patients with pancreatic cancer, 
although CMV IgG-positive patients with GBM with a 
higher antibody titer do significantly better from a clin-
ical perspective (pertaining to survival after surgery). 
We have shown that compared to patients with pan-
creatic cancer and healthy individuals, immune func-
tion represented by CMV- and EBV-specific cellular 
response of patients with brain tumor is impaired. This 
immune reactivity may be improved by cytokine condi-
tioning of lymphocytes. Also, IFNγ production to EBV 
was found to be of interest in patients with GBM. This 
correlation was only observed with IL-2/IL-15/IL-21 
conditioning of the peripheral blood affirming that 
our finding are not only related to the specific immune 
response to EBV an antigen but more likely also reflect-
ing the immune fitness of the patient with GBM as the 
capability to respond to cytokines stimulation.

We acknowledge that this study is limited the investi-
gation to the anti-viral immune response characterized 
by the CMV-specific IgG level and the IFNγ production 
by circulating immune cells in blood in patients with 
brain cancer in comparison with those with pancreatic 
cancer. While our results show that the competence of 
the general and CMV/EBV specific immune response 
impact on clinical outcome, we acknowledge that a 
myriad of other clinical parameters govern patient sur-
vival as were shown in a previous publication from our 
laboratory concerning the predictability of the survival 
of patients with brain metastases based on anti-meso-
thelin immune responses in blood shown by multivari-
ate analysis [62]. Nevertheless, this is the first report to 
show link between immune response patterns to CMV 
and EBV in relation to survival of patients with brain 
tumor, and be developed for future studies with the 
inclusion of necessary clinical criteria [63, 64].

Conclusions
Antiviral immune responses, especially to common 
pathogens such as CMV and EBV are an integral com-
ponent of immune competence in humans. These find-
ings shed new light on our understanding of antiviral 

immune responses in patients with brain tumor while 
reflecting the general immunological status of patients 
with cancer in response to T cell-oriented cytokines and/
or common viral antigens. Thus, efforts to better under-
stand and characterize the cellular exhaustion/impair-
ment caused by persistent chronic infection as well as the 
tumor microenvironment may lead to novel strategies 
for exploiting functional and clinically relevant immune 
responses for therapy.
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