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stimulation. In support of this hypothesis, we found that 
the PDAC patients and experimental mice had an increased 
number of regulatory T cells and myeloid-derived suppres-
sor cells. These results allowed us to conclude that PDAC 
provokes not only an anti-tumour immune response, but 
also strong immune suppression. Thus, we supposed that 
new immunotherapeutical strategies should involve not 
only stimulation of the immune system of PDAC patients, 
but also exert control over the tumour immune suppressive 
milieu.
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Abbreviations
CTA	� Cancer-testis antigens
IFN	� Interferon-α
MDSC	� Myeloid-derived suppressor cells
PDAC	� Pancreatic adenocarcinoma
RECIST	� Response evaluation criteria in solid tumours
Treg	� Regulatory T cells

Pancreatic adenocarcinoma (PDAC)

Patients with carcinoma of the exocrine pancreas have an 
especially poor prognosis with a 5-year survival rate of 
<1  % and a median survival of 4–6  months. At the time 
of PDAC diagnosis, about 40 % of patients have a locally 
advanced unresectable disease and approximately 40 % an 
advanced metastatic disease [1]. Even after surgical inter-
vention with a curative intention, recurrence is common 
and a majority of patients develop distant metastasis. After 
resection, the 5-year survival rate is in specialized centres 
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at best 15 % without, or 25 % with adjuvant chemotherapy. 
Patients with a metastatic disease are usually treated with 
chemotherapy that is minimally effective [2].

The reasons for this poor prognosis are PDACs early 
dissemination, lack of early specific symptoms and its 
late diagnosis [3]. A growing PDAC can take more than 
15 years to metastasize, during which patients are generally 
asymptomatic. When the disease finally becomes sympto-
matic, it is usually too late for surgery. In contrast to other 
malignancies, PDAC is highly resistant to chemotherapy 
and targeted therapy. The molecular mechanisms that 
determine the treatment resistance are poorly understood. 
In recent years, it has been demonstrated that a number of 
different proteins are involved in the therapy resistance [4]. 
Invasion and metastasis formation are the most important 
steps in pancreatic malignancy and can be triggered by 
stroma cells [5]. Therefore, the understanding of the pro-
cesses of chemoresistance and metastasis is crucial for the 
development of new strategies for the treatment and pre-
vention of PDAC progression.

The current management of PDAC is prescribed by 
the tumour stage, comorbidities and performance status 
of patients [2]. Neoadjuvant therapy has been found to 
be of potential benefit for patients with locally advanced, 
potentially unresectable PDAC. After neoadjuvant chemo-
radiation or chemotherapy alone, R0/R1 resection can be 
achieved in up to 40 % of patients with locally advanced, 
unresectable PDAC [6].

Adjuvant chemotherapy based on gemcitabine or 5-fluo-
rouracil showed a significant increase in the overall and 
disease-free survival of PDAC patients [7, 8]. Currently, the 
use of single-agent gemcitabine [9] or modulated 5-fluoro-
uracil therapy [10] is the standard treatment for advanced 
pancreatic cancer. However, the clinical impact of these 
chemotherapeutics remains modest, owing to a high degree 
of inherent and acquired chemoresistance. Recently, pub-
lished data from the FOLFIRINOX chemotherapeutic trial 
(oxaliplatin, irinotecan, leucovorin and 5-fluorouracil) 
showed a significant survival advantage compared to gem-
citabine (11.1 vs. 6.8 months). However, this trial was asso-
ciated with increased toxicity, making FOLFIRINOX suit-
able only for patients with a good performance status [11]. 
Several biological agents targeting tumour-related signal-
ling cascades have been tested. Erlotinib, a small molecule 
inhibitor of the EGF receptor tyrosine kinase, is the only 
biological agent to date that has recently been shown to 
offer, combined with gemcitabine, a marginal survival ben-
efit for patients with advanced PDAC [12]. Several other 
biological agents have proven ineffective.

New treatment options are urgently needed to improve 
the survival rate of patients with PDAC. This need moti-
vates oncologists to search for novel approaches such as 
immunotherapy, including specific (T cells, monoclonal 

antibodies, etc.) and unspecific (cytokines and NK cells) 
approaches to treating PDAC patients. However, before 
applying immunotherapy, it is useful to understand the role 
of the immune system in anti-tumour defence, in general 
and in the case of PDAC.

PDAC activates the anti‑tumour immune response

It is now generally accepted that a number of solid 
tumours are capable of activating the anti-tumour 
immune response. Malignant melanoma represents the 
best example of such malignancies (for review, see [13]). 
The main immunogenic features of malignant melanoma 
are (a) naturally occurring spontaneous tumour regres-
sion by some melanoma patients; (b) the tumour infil-
tration with CD8+ T cells; (c) the expression of tumour 
antigens [in particular, cancer–testis antigens (CTA)]; (d) 
the circulation of tumour-antigen-specific T cells and/or 
antibodies in the patients’ peripheral blood; (e) immu-
nological and sometimes clinical response to unspecific 
and specific immunotherapy. These features allow for the 
conclusion that malignant melanoma is a highly immuno-
genic tumour.

Could these “immune features” also be recognized for 
PDAC? In the case of this malignancy, it is extremely com-
plicated to register a spontaneous tumour regression due 
to tumour localization. However, some anecdotal cases of 
such regression have been reported [14]. Unfortunately, it 
remains unclear whether the anti-cancer immune response 
took part in these cases or did not.

Concerning CD8+ T cells, their accumulation correlates 
well with the survival of patients with different types of 
cancer [15]. These data firstly support the hypothesis that 
the immune system protects the organism against growing 
tumour. Secondly, tumour infiltration with CD8+ T cells 
can serve as an independent surrogate marker for cancer 
patient survival. With regard to PDAC, an earlier work of 
Ryschich et  al. [16] and a study by Fukunaga et  al. [17] 
showed that CD8+ T cell accumulation in human PDAC 
tumours is associated with the longer survival of patients. 
With another cohort of R0-/R1-resected PDAC patients, 
we performed a similar analysis that also demonstrated a 
survival benefit for patients with high CD8+ T cell accu-
mulation in tumours (Bazhin et  al., unpublished data). 
Additionally, in an orthotopic murine model of PDAC, 
we saw a high accumulation of CD8+ T cells in mouse 
tumours (Karakhanova et  al., unpublished data). Molecu-
lar control of CD8+ T cell recruitment was reported to 
involve the leucocyte counter-receptor LFA-1 and possibly 
its ligand ICAM-1 [18]. Thus, the CD8+ T cell accumu-
lation in PDAC can be recognized not as an epiphenom-
enon, but can instead be associated with patients’ survival 
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as a phenomenon, highlighting the importance of the anti-
tumour immune response in PDAC.

Expression of cancer antigens is a hallmark of melanoma 
cells. In particular, it concerns CTA, which were discovered 
in this malignancy (for review, see [19]). Meanwhile, such 
antigen expression has been found not only in melanoma 
but also in other malignancies, including PDAC, MAGE-
A1, MAGE-A3, MAGE-A4, MAGE-A10, LAGE-1, NY-
ESO-1, SCP-1, SSX-2, SSX-4 and HERV-K-MEL, which 
were found in many studies to be expressed in tumours of 
PDAC patients [20, 21]. In addition, tumour-associated and 
mutated antigens, which are not exclusively expressed in 
cancer cells, have been found in PDAC, including WT1, 
MUC1, hTERT, survivin, CEA, HER-2/neu, k-RAS, p53, 
PNLIPRP2 and MIA [22].

Being expressed in tumour cells, CTA induce cellular 
and/or humoral immune responses, which in turn leads 
to the generation of CTA-specific T cells or antibodies in 
the peripheral blood of patients with melanoma and some 
other cancers [23]. Recently, seromic profiling identi-
fied 29 preferentially immunogenic proteins in serum of 
PDAC patients [24]. Could the presence of an antibody 
against CTA and other tumour antigens be beneficial for 
PDAC patients? The answer is definitively ‘yes’. For exam-
ple, Heller et al. [22] showed that PDAC patients with the 
MIA antibody had a better survival rate then the antibody-
negative patients. To a larger extent, authors of the seromic 
work discriminated a set of antibodies for good and bad 
prognosis [24]. Thus, these data present evidence that the 
PDAC indeed induces an anti-cancer immune response 
(Fig. 1, path 1); this immune activation is associated with a 
survival benefit for PDAC patients.

Based on our data showing that patients with higher 
CD8+ T cell tumour infiltration exhibited prolonged over-
all and disease-free survival as compared to patients with 
lower or without CD8+ T cell tumour infiltration, we sug-
gested that PDAC patients could be promising candidates 
for immunotherapy.

PDAC patients treated with IFN show systemic 
activation of the immune system, which correlates 
with better survival

With regard to the above-mentioned hypothesis and based 
on research conducted at the Virginia Mason Clinic that 
published data of a phase II trial, where chemoradiother-
apy was combined with interferon-α2b (IFN) showing an 
overall 5-year survival of 55 % [25], a randomized, open, 
controlled, prospective, multi-centre phase III trial (CapRi-
trial) was carried out at our department to confirm the 
results of the Virginia Mason scheme [26]. A total of 110 
Men and women with biopsy-proven completely resected 

(R0 or R1) PDAC of the pancreatic head were randomized 
in the trial. Patients in study arm A (radiochemoimmuno-
therapy) were treated with 5-fluorouracil, cisplatin and 
IFN. External beam radiation was given concurrently with 
chemotherapy. Patients in study arm B (chemotherapy) 
were treated with bolus injection of folinic acid followed 
by bolus injection of 5-fluorouracil.

Treatment with the low-dose of IFN alone led to an 
increase in neutrophils, monocytes (as well as their acti-
vated forms), dendritic cells (DC) and to an enhanced NK 
cell-mediated cytotoxicity, while subsequent chemora-
dioimmunotherapy increased the amount of neutrophils, 
monocytes (including activated ones), CD4+ T cells, 
CD8+ T cells and DC. Additionally, this treatment induced 
an increase in the number of effector memory CD8+ T 
cells and of the CD8+/CD4+ ratio (Bazhin et al., unpub-
lished data). In addition, in the Panc02 orthotopic mouse 
model of PDAC, an increase in the CD8+ T cells fre-
quencies in tumours following the IFN treatment was also 
recorded (Karakhanova et al., unpublished data).

A correlation analysis of immunological parameters 
with patient survival rates revealed that high lymphocyte 
frequencies present even before the therapy positively cor-
related with a better disease-free condition and overall sur-
vival. In addition, an increase in effector/effector memory 
CD8+ T cells after IFN injection positively correlated with 
patient outcomes during the therapy (Bazhin et al., unpub-
lished data).

These data secure conclusive evidence that IFN as an 
unspecific therapeutic indeed activates the immune systems 
of PDAC patients (Fig. 1, path 2), which correlates favour-
ably with patient outcomes.

PDAC triggers immunosuppression

However, the clinical data from the CapRi-trial did not 
point to the improved efficiency of the chemoradiation 
combined with IFN as compared to chemoradiotherapy 
alone [27], suggesting an important role of the immune 
suppression induced by PDAC and/or by unspecific 
immune stimulation. In general, immune suppression is 
manifested in two different ways. Firstly, immune sup-
pressive cells such as regulatory (FoxP3+CD25+) T cells 
(Treg) and myeloid-derived suppressor cells (MDSC) are 
involved in cancer-induced immune suppression. Secondly, 
surface regulatory molecules like CTLA-4 and B7-H1 are 
recognized as crucial players in the immune suppressive 
milieu.

Treg inhibit a wide variety of physiological and patho-
logical immune responses against self, foreign and tumour 
antigens [28]. In cancer patients and preclinical mouse 
models, Treg accumulate in the tumour tissue, where they 
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dampen anti-tumour immune responses [29]. MDSC rep-
resent another group of immune cells with suppressive 
functions. In tumour-bearing hosts, MDSC comprise a 
heterogeneous population of immature myeloid cells that 
are precursors of DC, macrophages and granulocytes [30]. 
CTLA-4 molecules were shown to regulate T cell activa-
tion. The importance of CTLA-4 was demonstrated by 
the lethal systemic immune hyperactivation phenotype of 
Ctla4-knockout mice (for review, see [31]). The regulatory 
cell surface protein B7-H1 modulated the immune response 
not only in a healthy state, but also in cancer states [32]. 
B7-H, together with another regulatory molecule B7-DC, 
acts as a ligand for the PD-1 receptor [33], responding for 
the regulation of T cell activation.

In support of our hypothesis that PDAC triggers immu-
nosuppression (Fig.  1, path 3), we found that PDAC 
patients have an increased number of Treg and MDSC in 
their peripheral blood (Karakhanova et  al., unpublished 
data). In the orthotopic Panc02 model of PDAC, we dem-
onstrated that the tumours of these mice were highly infil-
trated with Treg. Remarkably, these cells exhibited the 
effector/memory phenotype, suggesting their enhanced 
suppressive activity and higher proliferation capacity [34]. 

Also, a high amount of MDSC was detected in the tumours 
of this mouse model (Karakhanova et  al., unpublished 
data).

In human PDAC, the B7-H1 expression was upregu-
lated and correlated strongly with poor patient progno-
sis [35]. We showed in vivo and in vitro the expression 
of B7-H1 on PDAC tumour cells and tumour-infiltrated 
leucocytes. It should be noted that this expression can 
be upregulated both in vivo and in vitro on all cell types 
investigated (Karakhanova et al., unpublished data). With 
respect to CTLA-4, a decrease in the number of CD4+ 
T cells expressing this immunosuppressive molecule 
is associated with better and disease-free survival of 
patients from the CapRi study (Bazhin et al., unpublished 
data).

These results allowed us to conclude that PDAC pro-
vokes not only an anti-tumour immune response, but also 
strong immune suppression through the accumulation of 
immunosuppressive cells and the upregulation of immuno-
suppressive molecules.

Future concepts of PDAC immunotherapy

Recent development in cancer immunotherapy comprises 
various strategies to specifically activate anti-tumour 
immune responses, such as an expansion and adop-
tive transfer of tumour-reactive T cells, vaccination with 
tumour-specific antigens and concomitant targeting of 
inhibitory pathways and immune suppressive cells [36]. 
Assuming that PDAC affects both arms of the immune 
response—immune activation and immune suppression—
and taking into account that unspecific immunotherapeuti-
cal approaches also lead as to the stimulation of immune 
suppression, we hypothesized that future concepts of PDAC 
immunotherapy should be designed based on the elimina-
tion of immune suppression (Fig. 1, path 4) [37]. The next 
phase is to try and establish (a) how we can reduce the 
immunosuppressive effects of PDAC and (b) whether this 
reduction could improve survival.

Depletion of Treg with antibodies against CD25 or folate 
receptor 4 significantly augmented anti-tumour immune 
responses in several preclinical mouse models, includ-
ing PDAC [38–41]. However, as these markers are also 
expressed on activated CD4+FoxP3- and CD8+ T cells, 
such treatments may concomitantly diminish the effec-
tor arm of anti-tumour immunity [42, 43]. Furthermore, a 
MDSC depletion strategy using antibodies remains elusive, 
because of the high heterogeneity of this cell population. 
Recently, (low-dose) chemotherapy emerged as a prom-
ising approach for selective Treg and MDSC depletion. 
For instance, administration of low-dose cyclophospha-
mide selectively decreased the presence of Treg in cancer 

Fig. 1   Two immune faces of pancreatic adenocarcinoma: possible 
implication for immunotherapy. PDAC (path 1) as well as unspe-
cific immunotherapy (path 2) activates immune system of the PDAC 
patients. Concomitant immune suppression arm is also activated 
(path 3). We supposed that new immunotherapeutical strategies 
should involve not only a stimulation of the immune system of PDAC 
patients, but also control over the tumour immune suppressive milieu 
(path 4). The black arrows conduct to the immune suppression, and 
the red ones to the immune activation
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patients and tumour-bearing animals [44], while gemcit-
abine in a therapeutic dose-depleted MDSC [45].

In the PDAC mouse model, we showed that the admin-
istration of low-dose gemcitabine leads to a preferential 
depletion of proliferating Treg; this depletion manifested 
in the prolonged survival of tumour-bearing mice with-
out any cytotoxic effect on the tumour [34]. Recently, in 
the ret transgenic mouse model of spontaneous malignant 
melanoma, we demonstrated that the phosphodiesterase-5 
inhibitor sildenafil inhibited MDSC suppressive activ-
ity, restored T cell activation and improved the survival 
of melanoma-bearing mice [46]. Having been motivated 
by these results, we also applied sildenafil in the ortho-
topic murine model of PDAC. In this model, sildenafil was 
able to deplete MDSC in mouse tumours. As a result, we 
documented the improved survival of PDAC-bearing mice 
treated with sildenafil (Karakhanova et  al., unpublished 
data).

Inhibition of cell surface molecules with specific mono-
clonal antibodies is the way to eliminate the immunosup-
pressive effects of such molecules as CTLA-4 and B7-H1. 
The history of ipilimumab has demonstrated the clinical 
benefit of such antibodies [47]. Besides, two clinical tri-
als have been performed testing ipilimumab (human anti-
CTLA-4 antibody) in patients with metastatic and local 
advanced PDAC [48, 49]. In the trial [48] with 3.0 mg/kg 
ipilimumab, Royal et  al. did not detect responses to ther-
apy by strict response evaluation criteria in solid tumours 
(RECIST), but there were patients with tumour regression 
that was immunologically mediated by the CTLA-4 anti-
body, if immune RECIST [50] were applied.

In respect of B7-H1, using the Panc02 mouse ortho-
topical model of PDAC, we found that blocking the B7-H1 
molecule with a specific monoclonal antibody against 
B7-H1 improved the survival of tumour-bearing mice. This 
increase in the anti-tumour immune response was achieved 
through the stimulation of effector CD8 T cells and via the 
Treg inhibition (Karakhanova et al., unpublished data).

Conclusions

Taken together, PDAC activates the anti-cancer immune 
response both in patients and in tumour-bearing mice. At 
the same time, PDAC triggers the immune suppressive arm 
of the immune system, which has negative effects on the 
anti-cancer immune response. Both anti-cancer immunity 
and immune suppression can be modulated by an addi-
tional, unspecific stimulation of the immune system. We 
supposed that new immunotherapeutical strategies should 
involve not only stimulation of the immune system of 
PDAC patients, but also control of the tumour immune sup-
pressive milieu.
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