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Abstract

The study was carried out to investigate changes in gene expression of innate antibacterial signaling

pathways in patients with pancreatic cancer. Expression of the following genes was measured in periph-
eral blood leukocytes of 55 patients with pancreatic adenocarcinoma using real-time polymerase chain
reaction (RT-PCR): TLR4, NOD1, MyD8S, TRAF6 and HMGBI. The levels of expression of TLR4,
NOD1 and TRAF6 genes were significantly elevated (p = 0.007; p = 0.001 and p = 0.01, respectively),
while MyD88 expression was markedly reduced (p = 0.0002), as compared to controls. Expression of
TLR4 and NODI exceeded the normal level more than 3.5-fold and there was a significant correlation
found between the expression of these genes (r = 0.558, p < 0.001). TLR4, NOD1 and MyDS88 genes
were expressed at a similar level both before and after surgery. No significant changes in the expres-
sion of HMGBI gene were observed. The results of the study clearly indicate abnormal expression of
genes belonging to innate antibacterial signaling pathways in peripheral blood leukocytes of patients
with pancreatic cancer, which may lead to leukocyte dysfunction. Overexpression of TLR4, NODI and
TRAF6 genes, and decreased MyD88 gene expression may contribute to chronic inflammation and tu-
mor progression by up-regulation of the innate antibacterial response. The parameters tested are useful

for monitoring innate immunity gene disorders and pancreatic cancer progression.
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Introduction

Pancreatic cancer ranks fourth in the causes of death
from cancer, and the five-year survival rate ranges from
5% to 25% depending on the possibilities of surgery,
which still remains the primary method of treatment [1, 2].
One reason for the high mortality rate is the progress of
the disease at diagnosis, which makes the radical surgi-
cal treatment effective only in 15-20% of patients [3].
Another problem is poor response to radiation and sys-
temic therapy inhibiting the development of the disease
and cancer relapse (e.g. adjuvant chemotherapy, immuno-
therapy) [4-6]. An important factor determining the rapid
progression of cancer disease is high biological aggres-
siveness of the tumor contributing to the malnutrition of
patients, tumor growth and formation of early metastasis.

(Centr Eur J Immunol 2014; 39 (4): 498-507)

Cancer-related malnutrition and immune disorders have
been associated with poor prognosis, disease progression,
treatment resistance and increased risk of postoperative
complications, which may occur in up to 70-80% of pa-
tients [7-12]. As demonstrated in a number of studies, the
improved outcomes of treatment are associated with a bet-
ter understanding of the disorder mechanisms of the innate
antibacterial immune response. This can be achieved by
identification of specific gene profiles, which may pro-
mote chronic inflammation and pancreatic cancer progres-
sion, and can serve as new therapeutic targets [13-16].
Therefore, the tumor microenvironment is a complex
problem and the cells infiltrating tumor play an extremely
important role in the promotion of pancreatic cancer.
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The discovery of Toll-like receptors (TLRs) has en-
abled a better understanding of disorders of the innate an-
tibacterial response in patients with various diseases, in
particular in patients with cancer. Toll-like receptors are
a family of pattern-recognition receptors, which play a cru-
cial role in the activation of innate and adaptive immunity,
and can be expressed in several types of cells, such as mac-
rophages, dendritic cells (DCs), B cells, T cells, monocytes
and epithelial cells [17, 18]. Toll-like receptor proteins
recognize a large number of pathogen-associated molec-
ular patterns such as bacterial lipopolysaccharides or viral
RNA. All TLRs, with the exception of TLR3, signal via
the MyD88 adapter protein (myeloid differentiation fac-
tor 88) [19, 20]. MyD88, TRAF6 [tumor necrosis factor o
(TNF-a.) receptor-associated factor 6], TRIF (Toll/IL-1-re-
ceptor domain-containing adapter inducing interferon) and
TRAM (TRIF-related adaptor molecule) proteins are key
molecules in the cytoplasmic signaling cascade of the anti-
bacterial response initiated by TLRs. TRAF6 is a member
of the TNF receptor-associated factor family of proteins
and is an E3 ubiquitin ligase, which catalyzes the synthesis
of lysine polyubiquitin chain involved in the downstream
activation of NF-kB [21]. Toll-like receptor 4-induced
TAKI1 autophosphorylation and activation require trans-
location of the MyD88-TRAF6-Ubcl3-cIAP-TAK1-IKKy
signaling complex from TLR4 into the cytosol, which de-
pends on TRAF6 and cIAPs [22]. TLR2 and TLR4 recep-
tors were found to mediate the effects of HMGB1 (high
mobility group box-1) in neutrophils and macrophages
[23]. High-mobility group box-1 protein is an important
protein binding to DNA, stabilizing nucleosomes and
facilitating NF-kB activation and gene transcription [24,
25]. High-mobility group box-1 modulates the inflamma-
tory cascade in lipopolysaccharide (LPS)-activated mac-
rophages by inducing the production of pro-inflammatory
cytokines TNF-a and IL-1p, while attenuating the release
of anti-inflammatory mediators IL-10 and TGF-$1 [26].

The abnormal expression of TLR receptors may be
associated with sepsis, and autoimmune diseases (lupus
erythematosus, rheumatoid arthritis, type I diabetes) [27-
31]. Interestingly, TLR receptors have been also detected
in many tumor cell lines and tumors, including pancreatic
ductal adenocarcinoma, and may be used as potential ther-
apeutic targets [32, 33]. Toll-like receptors are involved
in tumor cell proliferation, apoptosis and angiogenesis,
while high expression of TLR4/MyD88 is correlated with
poor prognosis in patients with colorectal cancer [34-39].
Lipopolysaccharide, a putative ligand of TLR4, may pro-
mote tumor progression by acting directly on cancer cells
and increasing the invasive ability of pancreatic cancer
cells through the TLR4/MyD88 signaling pathway [40,
41]. In contrast, the lipid A analogue (OM-174) with
a dual stimulating effect on TLR2 and TLR4 receptors,
induces regression of several tumor types in animal mod-
els [42-44]. Induction of MyD88 and TRIF, downstream
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TLR pathways, perturbs cell cycle regulation in pancreatic
cancer [45]. TRAF6 upregulates the expression of hypox-
ia-inducible factor (HIF-1a) and promotes tumor angio-
genesis [46]. Toll-like receptor 4 in turn may be partly
involved in the up-regulation of HIF-1a, and they both
may synergistically promote the development of pancre-
atic adenocarcinoma [33].

Apart from TLRs, a significant role in the recognition
of pathogen-related molecular patterns, and regulation of
the innate antibacterial response is also played by other
proteins belonging to the pathogen-associated molecu-
lar pattern (PAMP) receptors, including peptidoglycan
recognition proteins, cytosolic NOD (nucleotide-binding
oligomerization domain) proteins and TREM1 receptor
(triggering receptor expressed on myeloid cells-1) [47].
Nucleotide-binding oligomerization domain-containing
protein 1 is expressed in a wide variety of cell types of
both hematopoietic and non-hematopoietic origin. They
possess the ability to (e.g. NLRs — NOD-like receptors:
NODI1, NOD2) to bind LPS and bacterial peptidoglycan
as well as to transfer a signal independently of TLRs,
which also results in NF-xB activation and stimulates the
expression of cytokine-coding genes (for NOD1: TNF-a
and interleukin-6 (IL-6), and for NOD2: TNF-a and
IL-1B) and adhesive molecules [48]. Nucleotide-binding
oligomerization domain-containing protein 1 recognizes
the compounds of Gram-negative (meso-diaminopimelic
acid with peptidoglycan) and some Gram-positive bacteria
[49], whereas muramyl dipeptide is the ligand for NOD2,
derived from the wall of Gram-positive and Gram-nega-
tive bacteria [50, 51]. NOD-like signaling is involved in
the regulation of immune homeostasis in the gut. Nucle-
otide-binding oligomerization domain-containing protein
2 deficiency in mice can lead to a compromised epithe-
lial barrier and impaired immune response to commensal
microbiota [52]. In turn, NOD1 deficiency results in in-
creased tumor formation associated with the inflamma-
tion of the colon in mice [53]. A recent study showed that
NOD?2 polymorphisms have been linked to gastric cancer
that is induced by Helicobacter pylori infection [54].

Despite increasing evidence suggesting carcinogen-
ic and therapeutic effects of stimulation or inhibition of
TLRs, it still remains unclear what kind of changes in
gene expression of TLR signaling pathways in leukocytes
are associated with pancreatic cancer. The purpose of this
study was to assess changes in the expression of TLR4,
NOD1, MyD88, TRAF6 and HMGBI1 genes in patients
with pancreatic cancer.

Material and methods

Fifty-five patients (mean age 61.5 +10.1) with pancre-
atic cancer were subjected to pancreatic resection (pancre-
aticoduodenectomy or distal pancreatectomy with lymph
node dissection) and included in the study. Histopatholog-

499



Robert Stotwiriski et al.

ical examination for the whole group of patients detected
adenocarcinoma in specimens resected. According to the
TNM classification of the Union for International Cancer
Control (UICC), 21 patients were in pathological stage I or
II, while 34 patients were in stage III. The study did not
include patients with inflammatory tumors, patients with
organ transplants, patients treated with chemotherapy, ra-
diotherapy or immunosuppressors, patients suffering from
autoimmune diseases, patients with diabetes type 1 (insu-
lin-dependent), chronic respiratory insufficiency (chronic
obstructive pulmonary disease), cardiovascular insufficien-
cy, kidney and liver diseases.

Disease-related malnutrition (undernutrition) has been
detected in all patients (according to Nutritional Risk
Screening, NRS 2002) and required an additional pre-
operative oral nutritional support (600-650 kcal per day,
for 5-7 days). The mean preoperative weight loss within
3 months was 8.04 +5.3% and 12.03 +6.35% on day 7 af-
ter surgery. Body mass index (BMI) was within normal
range. The mean BMI value for the entire group was 25.06
+4.86 kg/m? prior to surgery and 23.83 +4.79 kg/m? on day
7 after pancreatic resection. The control group for molecular
analyses comprised 20 healthy sex- and age-matched volun-
teers (mean age 59.3 £9.4).

Sample collection and leukocyte isolation

Blood samples were collected from a peripheral vein
after admission to the surgical ward (day 0 before surgery)
and on post-operative day 1. Leukocytes were isolated
from 10 ml of heparinized blood using Polymorphrep
(AXIS-SHIELD PoC AS, Oslo, Norway). Briefly, blood
was layered over Polymorphrep and centrifuged at room
temperature (500 g/35 min). The resulting fractions of
mono- and polymorphonuclear leukocytes were harvest-
ed, washed in PBS solution to remove plasma and anti-
coagulant residues, suspended in a suitable medium and
immediately frozen at —70°C, until used in further analysis.

RNA extraction and reverse transcription

Total RNA was extracted from leukocytes using
a NucleoSpin Total RNA, DNA and Protein Isolation kit

(Macherey-Nagel GmbH & Co. Dueren, Germany), ac-
cording to manufacturer’s instructions and restrictive pro-
cedure for RNA degradation. Isolated RNA was evaluated
qualitatively and quantitatively using a NanoDrop ND1000
spectrophotometer (Thermo Fisher Scientific, Wilmington,
DE, USA). RNA sample was considered pure when the
A, /A, tatio was in the range 1.7-2.0. Then the first-
strand cDNA was synthesized using a VerteKit reverse
transcription kit (Novazym, Poznai, Poland). Briefly,
5 pg of total RNA was incubated at 70°C for 5 minutes
with oligo(dT) , primers. Afterwards, M-MLV buffer,
dNTPs mix and Moloney Murine Leukemia Virus reverse
transcriptase were added and the mix was incubated at
37°C for 60 minutes. Reaction was terminated by 10 min-
utes incubation at 70°C. The reverse transcription products
were analyzed again on a NanoDrop spectrophotometer.

Real-time PCR

Real-time polymerase chain reaction (RT-PCR) was
performed using a LightCycler 2.0 Instrument and Light-
Cycler® FastStart DNA Master SYBR Green I detection
kit (Roche Applied Science, Basel, Switzerland Cat. No.
12 239 264 001) as per the manufacturer’s protocol. The
RT-PCR reaction was based on primers specific for the
genes tested, designed in the NCBI/Primer-BLAST appli-
cation. The mixture contained 2 pl of reverse transcription
product, 2 ul of primers, 0.6 pl of MgCl, and 2 ul of Light-
Cycler® FastStart DNA Master SYBR Green 1. DNase-
RNase-free distilled water was added to a total volume of
20 ul per capillary. The PCR reaction was run after pre-in-
cubation at 95°C for 10 min, followed by 45 denaturation
cycles at 95°C for 15 second, annealing for 10 seconds at
optimized temperature (Table 1) and elongation at 72°C for
15 seconds. After 45 cycles, a melting curve was generated
by slowly increasing (0.2°C/s) the temperature from 70°C
to 99°C and measuring the fluorescence. In each assay, the
level of GAPDH mRNA as well as TLR4, NOD1, MyD88,
TRAF6 and HMGB1 mRNA were measured simultaneous-
ly under identical conditions. The primer sequences and
annealing temperatures are summarized in Table 1.

Table 1. Primer sequences and appropriate annealing temperatures used during real-time PCR reaction

Gene Forward sequence Reverse sequence Temperature
of annealing
TLR4 5’-GCCCTGCGTGGAGGTGGTTC-3’ 5’-GTCCAGAAAAGGCTCCCAGGGC-3’ 61°C
MyD88 5’-GATTGTAGGGCAGGGCGGCG-3’ 5’-AGCAGCCAGGGGAAGGGAGG-3’ 61°C
TRAF6 5’-AGGGACCCAGCTTTCTTTGTGTGC-3’ 5’-CCGTGCGTGGCAGTTCCACC-3’ 62°C
NOD1 5’-GCCCCGCGTTCAGGTCGAAA-3’ 5’-GTGAGGCGGCTGAAGCAGGG-3’ 61°C
HMGBI1 5’-GGCAAGTGAGAGCCGGACG-3’ 5’-GCTTCTTCTTATGCTCCTCCCGACA-3’ 63/62°C
GAPDH 5’-GTGAAGCAGGCGTCGGAGGG-3’ 5’-GCTCTTGCTGGGGCTGGTGG-3’ 61°C and 62°C
500 Central European Journal of Immunology 2014; 39(4)
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The results were analyzed using the method of dou-
ble delta, assuming that the expression of the gene in the
treated groups is 244, where AACt = [Ct target gene — Ct
GAPDH] is the treated sample, and [Ct target gene — Ct
GAPDH] is the control sample [55]. Each experiment was
carried out in triplicate using GAPDH as an internal stan-
dard. This calculation formula shows the expression of the
gene in the test group as multiples of the control group
expression (expression of the gene in the healthy subject
equals 1). Results are presented as mean + SD.

Ethics

Patients gave written consent after details of the proto-
col were fully explained to them. The study protocol was
approved by the Medical University Ethics Committee and
conforms to the ethical guidelines of the World Medical
Association Declaration of Helsinki.

Statistical analysis

Statistical analysis was performed using Statsoft Sta-
tistica v.9.0 software. Mann-Whitney U test or Wilcoxon’s
signed-rank test with the Bonferroni correction was used
to evaluate the statistical significance between the gene
expression in pancreatic cancer patients and healthy volun-
teers, and to compare the level of expression before and af-
ter surgery. Spearman’s rho test was used to assess the re-
lationship between the expression of the genes. Differences
at p < 0.05 were considered to be statistically significant.

Results

Gene expression before and after surgery

The peripheral blood leukocytes of patients with pancre-
atic cancer had significantly elevated expression of genes
encoding receptor proteins TLR4 and NOD1. The expres-
sion of these genes was significantly increased, compared

A
14
10 -
=
S
w *
g 6
= s || T
&
24 _I_
76 T T T T T
TLR4 NOD! MyD88 TRAF8 HMGBI

dysfunction and tumor progression

with healthy subjects, both before and after surgery (preop-
erative TLR4 p = 0.007, and postoperative p = 0.002, while
for NOD1 p = 0.001 and p = 0.003, respectively) (Fig. 1).
The levels of expression of TLR4 and NOD1 exceeded the
norm more than 3.5-fold. Expression of genes coding for
NOD1 and TLR4 protein receptors was also significantly
increased compared to the expression of genes encoding
the remaining proteins, i.e., MyD88, TRAF6 and HMGB1
(p < 0.05 for all values).

Expression of the gene encoding the intracellular
MyD88 protein, prior to surgery (day O, p = 0.0001) and
day 1 after surgery (p = 0.00003) was significantly reduced
when compared with the norm. TRAF6 gene expression
prior to surgery was markedly higher compared to healthy
subjects (p = 0.01), whereas after surgery it did not differ
significantly from the norm. The study showed no signif-
icant deviation from the normal gene expression of the
HMGBI1 protein, both before and after surgery. Extensive
surgical trauma had no statistically significant effect on
the changes in the expression of any of the genes tested.
Interestingly, a positive correlation was found in patients,
who expressed the study genes in parallel between the
expression of NOD1 and TLR4 genes (before surgery
r=0.558, p < 0.001, after surgery r = 0.466, p < 0.001)
(Fig. 2). Although the expression of other genes was cor-
related and statistically significant, it was considerably
lower (data not shown).

Discussion

Chronic inflammation and activation of the innate im-
mune effectors creates favorable conditions for the tumor
progression. Toll-like receptor-mediated changes in gene
expression of the innate antibacterial signaling pathway in
patients with pancreatic cancer are an important element in
the diagnosis of immunity disorders associated with high
biological aggressiveness of the tumor and disease pro-
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Fig. 1. Expression of genes encoding TLR4, NOD1, MyD88, TRAF6 and HMGB1 proteins in peripheral blood leuko-
cytes of patients with pancreatic cancer before (A) and after surgery (B) in comparison with the control group (*p < 0.05)
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Fig. 2. The correlation between the expression of TLR4
and NOD1 genes in the peripheral blood leukocytes of pa-
tients with pancreatic cancer (pre-operative period)

gression. Disorders of gene expression in peripheral blood
leukocytes that infiltrate tumor cells have a major impact
on the course of cancer disease by supporting chronic in-
flammation in the tumor microenvironment. Local antibac-
terial TLR-related response may enhance the activity of
cancer cells and promote tumor progression [40, 41], but
may also induce regression of the tumor [44]. Most stud-
ies have evaluated the expression of TLRs in tumor tissue
while paying less attention to the gene expression changes
in the TLR signaling pathway in peripheral blood leuko-
cytes that may reflect the impact of cancer disease such
as malnutrition associated with a high metabolic activity
of the tumor. The majority of our patients were diagnosed
with advanced pancreatic tumor and all of them were mal-
nourished and required additional preoperative oral nutri-
tional support. This study presents the disturbances of the
gene expression profiles responsible for the innate immu-
nity of peripheral blood leukocytes that can be discussed
based on the previous studies concerning the expression of
proteins belonging to the TLR signaling pathway in blood
leukocytes and pancreatic tumor tissue. However, we have
not found in the available literature any reports referring
to the gene expression changes in the TLR signaling path-
way in peripheral blood leukocytes of pancreatic cancer
patients.

The results of our study clearly indicate a significantly
increased expression of genes (examined at the mRNA lev-
el) encoding TLR4, NOD1 receptor and TRAF6 signaling
protein, and reduced MyD88 gene expression in peripheral
blood leukocytes. Expression of TLR4 and NOD1 genes
exceeded the normal level more than 3.5-fold. These find-
ings suggest that the disorders of innate immunity gene
expression, through various mediators, may cause dysfunc-
tion of the leukocyte immune response in malnourished
pancreatic cancer patients, resulting in disease progression.
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The increased expression of TLR4 and NOD1 genes and
reduced expression of MyD88 gene remained at a similar
level both before and after surgery, which may suggest
a “stable genetic defect” in the leukocytes of patients with
pancreatic cancer. Worsening malnutrition after major sur-
gery also had no significant effect on the expression of
the genes tested. Moreover, the expression of the NOD1
and TLR4 genes was significantly elevated when com-
pared to the expression of other genes investigated. In ad-
dition, there was a significant correlation found between
the NOD1 and TLR4 gene overexpression. These findings
indicate the importance of TLR4 and NODI1 signaling
pathways in the innate immune response of pancreatic
cancer patients and tumor development. The increased ex-
pression of genes coding for TLR4 and NODI proteins is
an important diagnostic tool and should be used for moni-
toring therapeutic intervention in patients with pancreatic
ductal adenocarcinoma. As shown by other studies, TLR4
and TLR7 receptors are overexpressed on leukocytes in
the pancreatic tumor microenvironment and by pancreatic
cancer cells. Additionally, TLR ligands have been shown
to accelerate pancreatic carcinogenesis in mice, while TLR
blockade delayed tumor progression [15, 16]. The present
study has demonstrated that overexpression of TLR4 and
NODI1 genes in leukocytes of pancreatic cancer patients
can cause the enhancement of response to LPS and other
bacterial wall proteins (e.g. compounds of Gram-negative
bacteria, bacterial peptidoglycan). This in turn increases
transfer of a signal independently via TLR4 or NOD1
receptors, possibly resulting in the activation of NF-xB
and induction of the expression of cytokine coding genes,
leading to chronic local inflammation and tumor progres-
sion. More specifically, we hypothesize that the elevated
expression of the above genes caused by the higher level
of TLR4 and NOD1 receptors increases the sensitivity of
leukocytes to bacterial antigens. Lipopolysaccharide (LPS)
is a well-established agonist of TLR4 and could be a trig-
gering factor in the initiation and progression of pancreatic
cancer [56, 57]. Toll-like receptor 4 expression in mono-
cytes of healthy controls can be up-regulated by LPS and
this has been confirmed by previous studies [58]. Thus, it
is suggested that the leukocytes of patients with pancreatic
cancer can be sensitized to LPS (by TLR4 and NOD1 gene
overexpression), which sustains chronic inflammation.
Confirmation of this hypothesis requires further investi-
gations. Signaling pathway analyses in the genome-wide
association study (data from 3,851 of pancreatic cancer
cases) revealed that the NOD1 gene was associated with
a risk of pancreatic cancer (H. pylori — cytokine signaling
pathway) [59]. Previous studies have also found increased
expression of TLR2 and TLR4 receptors on monocytes in
patients with sepsis, and after trauma [28, 60, 61]. In the
last study, the expression of TLR4 and TLR2 receptors on
leukocytes increased during 16 h of incubation with LPS,
but remained unchanged in healthy controls. Armstrong
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et al. [62] showed a differential expression of TLR2 and
TLR4 on monocytes in human sepsis. TLR4 mRNA was
significantly increased in septic patients, while there was
no corresponding increase in the TLR4 protein. The results
of these studies indicate a relationship between the innate
immune response in the pancreatic cancer and response
to infection or trauma in patients without cancer disease.
Another interesting finding of our study is a lower ex-
pression of the MyD88 gene encoding an adaptor protein,
which is a key signaling protein for numerous extracellu-
lar or endosomal TLRs. In the literature, there are no data
on the MyD88 gene expression in leukocytes of patients
with pancreatic cancer. A high expression of TLR4 and
MyD88 in tissue samples of colorectal cancer is associ-
ated with liver metastases and is an independent predic-
tor of poor prognosis [37]. The results of the presented
studies suggest that a decreased expression of MyD88 can
facilitate the development of pancreatic cancer and should
be considered important in the monitoring of disease pro-
gression. It should be emphasized that synthetic inhibitors
of MyD88 pathway were shown to exacerbate pancreatic
fibro-inflammation and accelerate carcinogenesis [45],
while mice deprived of TLR2 and the MyD88 adaptor pro-
tein were more susceptible to infections [63]. The reason
for the reduced gene expression of MyD88 is difficult to
explain, but it is undoubtedly an alarming symptom as-
sociated with the development of pancreatic cancer. The
inflammatory response to LPS in mice deprived of MyD88
protein was significantly reduced but still present, which
suggests cooperation of other signaling cascades in the
antibacterial response [64]. Signal transduction through
NOD-like receptors (NLRs) does not require any partic-
ipation of the MyD88 protein. Pancreatic cancer may be
one of the direct causes of a significantly lower MyD88
expression in our patients with advanced tumor, which
could indicate the superiority of stimuli reaching the
NODI1 receptor. Silencing the expression of MyD88 gene
in peripheral blood leukocytes completely reversed the ef-
fects of LPS by activation of new signal pathways. This
mechanism probably can create favorable conditions for
the progression of pancreatic cancer and allow tumor cells
to evade the immune response. The precise cause of the
abrogation of MyD88 expression requires further studies.
Other authors have shown that TLR4 is overexpressed in
human pancreatic ductal adenocarcinoma (in 69-76% of
the analyzed tumors), and inhibition of MyD88-dependent
pathways clearly accelerated the development of pancre-
atic tumor and could induce the formation of aggressive
cancer cells [16, 33, 65]. According to these findings, upon
MyD88 blockage, DCs seem to induce the formation of
pancreatic antigen-restricted Th2-deviated CD4+ T cells.
In this study, stromal leukocytes from patients showed an
increased TLR4 expression, and such an up-regulation has
been also reported both in the epithelial and stromal cells
in KRAS-mutated mice. Interestingly, inhibition of TLR4
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in these mice had a protective effect against tumorigen-
esis (slower tumor growth). In our opinion, the adjuvant
therapy of pancreatic cancer should also focus on the reg-
ulation of gene expression in peripheral blood leukocytes.
Hypothetically, the influx and recruitment of leukocytes
to the tumor microenvironment with the formation of in-
flammatory infiltration may facilitate cancer cell escape
from the control of the immune system in poorly defined
mechanisms, e.g. chronic inflammation and immune sup-
pression in the tumor microenvironment with immune
responses mediated by Treg, dendritic cells, MDSCs (my-
eloid-derived suppressor cells) and Th17 cells; MMPs-ma-
trix metalloproteinases and HIF-a-hypoxia-inducible tran-
scription factor overexpression or increased production of
IL-10 and H,0,. For example, pancreatic cancer shows
a significant increase in the infiltration of macrophages,
and tumor-associated macrophages developing from pe-
ripheral blood monocytes (M2 subtype) exert an immuno-
suppressive effect and are associated with poor prognosis.
Similarly, the M1 subtype macrophages promote tumor
growth mediated by the TNF-a production [66, 67]. In
addition, neutrophil infiltrations are reported in pancreatic
adenocarcinomas and have been associated with the un-
differentiated types of carcinoma and poor prognosis [68].

Changing the microenvironment of the tumor cells by
regulating the expression of genes encoding proteins of the
innate antibacterial signaling pathway in leukocytes infil-
trating tumor cells is a novel therapeutic approach. This
applies to both the main tumor mass, which not always
can be removed surgically, and micrometastases that are
beyond the reach of diagnostic tests. Furthermore, the as-
sessment of the gene expression profile in leukocytes can
be useful for monitoring the course of disease and genet-
ic effectiveness of the treatment. Our previous study in
a small group of malnourished pancreatic cancer patients
with overexpression of TLR4 gene in peripheral blood leu-
kocytes revealed that enteral supplementation of glutamine
(diet consisting of 20 g glutamine per day) may decrease
TLR4 expression within five days prior to surgery [69].
This surprising effect of immunonutrition in pancreatic
cancer patients could be associated with a decrease in the
amount of stimulants reaching the TLR4 receptor (e.g. by
blocking LPS or DAMPs — damage-associated molecular
pattern molecules, interacting with TLR4 receptor). An ex-
perimental study showed that the enteral administration of
glutamine reduced the elevated expression of TLR4, signal
adaptor protein MyD88, and TRAF6 mRNA in the intes-
tinal mucosa in response to LPS-induced endotoxemia in
rats [70]. Investigations of the effect of this treatment on
the number of infectious complications and course of the
disease are in progress. It is also known that fatty acids
(Omega-3) can have a selective inhibitory effect on the sig-
naling cascade related to the innate antibacterial response
by blocking the interaction of endotoxin with the TLR4
receptor and intracellular signaling proteins [71].
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The concept of modulation (mainly inhibition) of the
signaling pathway associated with TLR4 in pancreatic can-
cer has been already emphasized in other studies. An in
vitro study revealed that the invasive capacity of human
pancreatic cancer cells is based on the TLR4-dependent
NF-kB activation [41]. It has been demonstrated that LPS
can activate NF-kB in pancreatic cancer cells via TLR4/
MyD88 pathway. Nuclear factor kB is one of the key fac-
tors linking inflammation with cancer progression. An-
other study correlated the level of TLR4 expression with
tumor size, lymph node involvement, venous invasion and
pathological stage [33]. Patients with TLR4 overexpres-
sion had significantly shorter survival [72]. Most studies
have shown that the increased expression of TLR4 is not
a disorder limited to pancreatic cancer. Toll-like receptors
(TLRs) are involved in the development of infectious dis-
eases, autoimmune and neurodegenerative diseases and
cancer [73]. Toll-like receptor 4 expression has been also
detected in head and neck cancer, breast cancer, lung can-
cer, gastric cancer, hepatocellular carcinoma, colorectal
cancer, ovarian cancer, cervical cancer, prostate cancer
and melanoma [33, 35]. The results of these studies indi-
cate that the evaluation of TLR4 expression does not dif-
ferentiate cancerous tumors, which makes diagnosis and
treatment difficult. Probably assessments of genetic profile
differences between these patients will be more helpful.

TRAF6 gene overexpression revealed in our study may
confirm the participation of this gene in the development
of pancreatic cancer. Experimental studies by other authors
have shown that TRAF®6 is an oncogene, which is import-
ant for RAS-mediated oncogenesis and provide a mecha-
nistic explanation for the already apparent importance of
constitutive NF-«xB activation in the RAS-driven lung can-
cer [74]. The participation of the TRAF6 gene in the patho-
genesis and progression of pancreatic cancer is not clear.
TRAF6 as a part of signaling complex (included MyD88-
IRAK4-IRAK1-TRAF6) is required for the pro-inflamma-
tory cytokine production induced by TLR7 and TLRO sig-
naling. The increased expression of the TRAF6 gene may
suggest that in addition to TLR4 and NOD1 overexpres-
sion, other signaling receptors (e.g. TLR7 or TLRY) take
part in the innate immunity response of pancreatic cancer
patients [15]. Toll-like receptor 7 was found to be highly
expressed both in inflammatory (in 40-65% of cells) and
cancer cells. Recently, TLR9 has been linked to acute pan-
creatitis and cancer [75]. According to these studies, po-
tential inhibitors of the TLR signaling pathway and growth
of pancreatic cancer cells are under research [76]. On the
other hand, TLR2/4/9 agonists seem to be good candidate
molecules prolonging survival in patients with different
types of cancer by inducing the expression of TNF-a and
inducible nitric oxide synthase (iNOS), activating dendritic
cell trafficking and its associated tumor-specific cytotoxic
T-cell responses [77-80]. The therapeutic mechanism of
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TLR7 agonist (Imiquimod) is associated with the activa-
tion of immune cells involved in an effective antitumor im-
mune response (B lymphocytes, plasma cells, NK, Lang-
erhans cells) [81]. Thus, TLRs have a dual role, (i) when
used as a target for immunostimulation, and (ii) when used
directly to kill cancer cells.

The normal expression of the gene coding for the
HMGBI protein in the present study was rather surprising.
This could be due to the lack of energy substrates neces-
sary for the expected increased expression of this gene.
HMGBI is one of the most characteristic genes deregu-
lated in solid tumor tissue and serum, including pancreatic
cancer [82, 83]. The serum level of HMGBI1 tends to in-
crease with the progression of gastric and pancreatic can-
cers and is a powerful diagnostic biomarker for pancreatic
ductal adenocarcinoma [82, 84]. The HMGB1/RAGE (re-
ceptor for advanced glycation endproducts) inflammatory
pathway promotes pancreatic tumor growth by regulating
mitochondrial bioenergetics [85]. Lack of RAGE or inhi-
bition of HMGBI1 release, diminished production of ATP
and slowed tumor growth in vitro and in vivo.

In summary, the results of our study clearly indicate
an abnormal gene expression in the innate antibacterial
signaling pathways in peripheral blood leukocytes of pa-
tients with pancreatic cancer, which may lead to leukocyte
dysfunction. Overexpression of TLR4, NOD1 and TRAF6
genes, and a decreased MyD88 gene expression may con-
tribute to chronic inflammation and tumor progression by
up-regulation of the innate antibacterial response (e.g. to
LPS). We postulate that the pathologic gene expression of
receptors and proteins regulating innate antibacterial re-
sponse to various stimuli must be primarily included in the
analysis of a multistep sequence of events leading to the
development and progression of pancreatic cancer. Anal-
ysis of gene expression included in the current study in
peripheral blood leukocytes can be useful for the diagnosis
of gene disorders in the innate antibacterial signaling path-
ways and should be important in the monitoring of disease
progression and therapy efficacy. TLR4 gene overexpres-
sion in peripheral blood leukocytes, and TLR4 receptor
overexpression detected by other researchers in pancreatic
cancer cells, suggest a direct link between the peripheral
and local innate immune disorders.

The results presented show that in order to improve
outcomes of the therapy in the group of patients with pan-
creatic cancer, more attention should be focused on the
explanation of genetic mechanisms regulating the innate
antibacterial response. Attempts to modulate the innate an-
tibacterial immune response in pancreatic cancer patients,
e.g. by blocking the expression of genes of selected signal-
ing pathways (e.g. TLR4 gene inhibition), are promising
and indicate that in the future it may be a valuable way
assisting the primary therapy.
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