
Abstract. Background/Aim: The connection between prostate
cancer and inflammation has been proposed many years ago,
but very little is known about the metabolic adaptations of
prostate cells in case of infection or inflammation. The aim of
this study was to examine the effect of the stimulation of Toll-
like receptor 3 (TLR3) on the metabolism of prostate cancer
(PCa) cell lines and benign prostate cells. Materials and
Methods: Cytofluorimetry, qRT-PCR, western blot and Gas-
chromatography/Mass-spectrometry were used. Results:
Reprogramming of glucose utilization involving hypoxia-
inducible factor 1-alpha (HIF-1α) and the extracellular
adenosine axis was observed. TLR3 stimulation synergized
with adenosine receptor A2b on PCa cells, and induced a
strong production of lactate, exacerbating the Warburg effect.
Moreover, stimulation of benign prostate cells with poly I:C
reduced lactate secretion, a characteristic typical of the
neoplastic transformation. Conclusion: TLR3 stimulation
promotes metabolic adaptations likely involved in the
mechanisms of disease onset and progression.

In the last decades prostate cancer has been often classified
as the cancer type with the highest incidence in the western
population (1). Unfortunately, the present therapies are largely
ineffective if the disease is diagnosed when the cancer is
already metastatic (2). While different kinds of cancer-
specific genetic mutations have been shown to determine
tumor onset and progression, as for example for specific
colon or breast cancers (3, 4), prostate tumors are genetically
very heterogeneous and difficult to categorize. On the other

hand, the metabolic adaptations of prostate cancer cells have
been described in more detail and, although peculiar, seem to
follow precise steps during onset and progression (5). Many
types of cancer cells adapt their metabolism to their new
needs of highly proliferative cells, for example they begin to
consume large amounts of glucose under normoxic
conditions. They up-regulate glucose transporters like
GLUT1, enzymes directly involved in the glycolytic process
like hexokinase 2 or enzymes that control the flux of
metabolites during the production of biomass, reducing power
and energy, and producing lactate as a waste product; this
type of adaptation is commonly referred to as the Warburg
Effect (WE) or aerobic glycolysis (6). A key role in the
glycolytic flux control is played by pyruvate kinase muscle
isozyme 2 (PKM2), an isoform of the rate limiting enzyme
responsible for pyruvate production. The expression of the
M2 isoform, typical of several cancer cells, slows-down the
glycolytic flux leading to the accumulation of key
intermediates that are then redirected for example in the
Serine Synthesis Pathway or in the Pentose Phosphate
Pathway producing molecules essential for DNA replication
(7). Unlike other types of cancer such as lung, breast, colon,
ovary etc, which activate this remodeling in the early stage
of the disease (8), prostate cancer cells switch to the WE only
when the process of metastasis begins, and this metabolic
adaptation becomes an indicator of bad prognosis (5). The
possible events favoring the onset of prostate cancer are
largely debated: among others, chronic infection and
inflammation have been often suggested (9). It has been
observed that men with recurrent prostatitis are more likely
to develop prostate cancer (10). Surprisingly there are very
few data on metabolic adaptations of prostatic cells in case
of infection or inflammation and the possible involvement of
these processes in the progression of the disease. Among the
receptors involved in inflammation, Toll Like Receptors
(TLRs) play a key role. TLRs recognize specific molecules
conserved in microorganisms and activate a signaling cascade
that ultimately starts innate immunity (11). It has previously
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been shown that normal prostate cells and prostate cancer cell
lines often express high levels of TLR3 (12–14) and that the
stimulation of this receptor through a synthetic double-
stranded RNA (poly I:C), mimicking a viral infection, induces
HIF1-α activation with the consequent secretion of vascular
endothelial growth factor (VEGF) (12). HIF1-α is notoriously
involved in the metabolic remodeling of cells and its
induction, specifically mediated by TLR-3 activation, is able
to increase cancer cell proliferation and resistance to
apoptosis (15–17). Recently, several studies clarify the
metabolic remodeling that takes place in specialized cells of
the immune system like monocytes or NK cells after
stimulation with infectious agents and an interesting parallel
between these and cancer cells has been proposed (18). The
microenvironment has a fundamental importance for
metastatic cells, as they must learn to survive in an alien
environment and to do so they take advantage of what they
find in their new niche. It is known that tumor cells and the
other cells of the microenvironment interact producing and
secreting specific molecules influencing each other and
causing specific metabolic rearrangements that ultimately
favor the survival of tumor cells that start using metabolites
secreted as waste product by the other cells (5). Beyond
HIF1-α activation, other signals from the inflammatory
microenvironment have been described to participate in the
metabolic remodeling of immune cells under conditions of
infection or inflammation such as signals from extracellular
adenosine. It has been previously reported that adenosine
purinergic receptor signaling is able to synergize with TLR
often by modulating the basic signaling induced by the
canonical TLR stimulation (19). The extracellular adenosine
is produced from ATP secreted during the inflammatory
processes (20). ATP is converted to AMP by the enzyme
ectonucleoside triphosphate diphosphohydrolase-1 (CD39)
and AMP in turn is transformed into adenosine by CD73.
Adenosine binds to specific receptors (A1, A2a, A2b and A3)
and activates cell type-specific signaling cascades (21).
Human prostate cell lines, including PC3 and DU145 express
high levels only of the functional adenosine receptor A2b and
its inhibition reduces cell proliferation (22). Furthermore,
overexpression of CD73 in prostate cancer is associated with
lymph node metastasis (23). Herein, we demonstrate that
similarly to immune cells, TLR3 stimulation induces a
metabolic remodeling in PCA cells by inducing genes related
to glycolysis and increasing HIF1-α−dependent lactate
production and CD73. We also show that TLR3 and
adenosine A2b receptor signaling synergize in the induction
of lactate accumulation. Intriguingly poly I:C stimulation in
benign prostate cells induces a reduction in lactate and
pyruvate secretion suggesting a switch to the neoplastic
transformation. Our data suggest that there is a link between
inflammation and prostate cancer. The metabolic adaptation
of cells in the event of prolonged exposure to infectious or

inflammatory factors could produce an advantage selecting
cellular clones responsible for the onset or the progression of
the pathology to the metastatic state.

Materials and Methods
Cell lines and reagents. All cell lines used were from ATCC
(Manassas, VA, USA) and maintained in a humidified atmosphere
of 5% CO2 at 37˚C. LNCaP, PC3, and DU145 cells were cultured
in RPMI medium supplemented with 100 IU/ml penicillin/
streptomycin, and 10% fetal calf serum (FCS; Sigma-Aldrich, St
Louis, MO, USA). RWPE1 cells were grown in keratinocyte serum-
free medium (K-SFM) (Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 0.05 mg/ml bovine pituitary extract
(BPE), 5 ng/ml human recombinant epidermal growth factor (EGF)
and 100 IU/ml penicillin/streptomycin. Where indicated, the cells
were treated with poly I:C (high molecular weight) obtained from
InvivoGen (San Diego, CA, USA) and 5’-(N-Ethylcarboxamido)
adenosine (NECA) purchased from (Sigma-Aldrich).

RNA interference (iRNA). 1×105 cells/ml were seeded and
simultaneously transfected for 18 h with the Qiagen AllStars RNAi
Controls (scrambled sequences; Qiagen, Hilden, Germany) or the
bulk of 4 sequences targeting HIF1-α (GeneSolution siRNA
(Qiagen) using JetPrime (Polyplus transfection, Strasbourg, France)
following the manufacturer instructions. Τhe medium was then
replaced with fresh medium and the cells eventually treated 48 h
after transfection.

Τhe target sequences of hif-α gene were: 
HIF1-α_6 AGCCATTTACATAATATAGAA; HIF1-α_5 AGGAAGA
ACTATGAACATAAA
HIF1-α_12 CACAGGCCACATTCACGTATA; HIF1-α_11TCGG
CGAAGTAAAGAATCTGA

RNA extraction and real time qRT-PCR. Total RNA was extracted
using TRIZOL reagent (Invitrogen) following the manufacturer
instructions. One μg of RNA was used for reverse transcription
(cDNA synthesis) by using the SuperScript First-Strand Synthesis
System Kit (Invitrogen). qRT–PCR analysis was performed in
triplicate for each sample using KAPA Sybr Fast universal premix
following the manufacturer instructions. Each tube contained 10 μl
of 2x qPCRBIOSyGreen Mix (KAPA), 0.8 μl of each primer, 1 μl
of cDNA and 7.4 μl of water. Reactions were performed on a
Stratagene MX3000P (Stratagene, La Jolla, CA, USA) using the
following settings: 95˚C for 2 min, and 40 cycles for 95˚C for 5 sec
and 60˚C for 25 sec; the dissociation curve was obtained using the
standard machine settings. The primers used were: 
Glut1 FWD. AACTCTTCAGCCAGGGTCCAC; Glut1 REV.
CACAGTGAAGATGATGAAGAC; Hexokinase2 FWD. GAGCCA
CCACTCACCCTACT; Hexokinase2 REV. CCAGGCATTCGGC
AATGTG; PKM2 FWD. GAGGCCTCCTTCAAGTGCT; PKM2
REV. CCAGACTTGGTG AGGACGAT.

Lactate and pyruvate quantification. Lactic acid and pyruvic acid
were analyzed as methoxime/tertbutyldimethylsilyl derivatives as
previously described (24). Briefly, 300,000 cells were seeded in 6
well plates and eventually treated as described. For the intracellular
analysis, cells were detached using trypsin, counted and the cells from
2 wells pooled together, collected by centrifugation at 1,200 rpm for
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10 min then washed with 1 ml PBS, and collected again by
centrifugation. For the cell medium analysis, 20 μl of cell supernatant
were used. Cell pellet or medium were deproteinized by adding 100
μl of acetonitrile and vortexed for 3 min. The mixtures were diluted
1:10 with distilled water and centrifuged at 15,000 rpm for 15 min at
4˚C to pellet proteins. The deproteinized supernatant was used to
quantify extracellular L-lactate by Gas-Chromatography/Mass-
Spectrometry (GC-MS) analysis. Aliquots of 0.25 ml of the
supernatant layer spiked with the internal standard (IS) 3,4-
dimethoxybenzoyc acid (final concentration 1000 ng/ml) were added
to 0.7 ml of distilled water and adjusted to pH ≥13 with 7 M NaOH.
Methoxymation was performed by adding to the reaction mix
methoxyamine hydrochloride (5 mg) at 60˚C for 60 min. The samples
were then washed with diethylether (3 ml × 2) and the aqueous phase
was adjusted to pH < 2 with concentrated sulfuric acid. The mixture
was saturated with NaCl and extracted with diethyl ether (3 ml) and
ethyl acetate (2 ml). The organic extracts were combined in the
presence of triethylamine (10 μl) and dried under reduced pressure.
The samples were then suspended in 30 μl of toluene, subjected to
the second derivatization step by adding 20 ml of N-Methyl-N-tert-

butyldimethylsilyltrifluoroacetamide (MTBSTFA) (65˚C for 30 min),
and analyzed by GC-MS. Results were normalized for cell number
and expressed as fold change relative to control samples. GC-MS
analyses were performed with an Agilent 7890B gas chromatograph
coupled to a 5977B quadrupole mass selective detector (Agilent
Technologies, Palo Alto, CA, USA). Chromatographic separations
were carried out with an Agilent HP5ms fused-silica capillary column
(30 m × 0.25 mm i.d.) coated with 5%-phenyl-95%-
dimethylpolysiloxane (film thickness 0.25 μm) as stationary phase.
Injection mode: splitless at a temperature of 280˚C. Column
temperature program: 70˚C (1 min) then to 300˚C at a rate of
20˚C/min and held for 10 min. The carrier gas was helium at a
constant flow of 1.0 ml/min. The spectra were obtained in the electron
impact mode at 70 eV ionization energy; ion source 280˚C; ion source
vacuum 10 -5 Torr. MS analysis was performed simultaneously in
TIC (mass range scan from m/z 50 to 600 at a rate of 0.42 scans/sec/)
and SIM mode. GC-SIM-MS analysis was performed selecting the
following ions: m/z 174 for pyruvate, m/z 261 for lactate and m/z 239
for 3,4-dimethoxybenzoic acid (internal standard). For the
standardization of values, the number of cells was used.
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Figure 1. Analysis of TLR3 expression and metabolic effect of its activation in PC3 and DU145 cells. (A) Analysis of TLR3 expression by flow
cytometry in PC3 and DU145 cells. Effect of 1 μg/ml poly I:C treatment on the mRNA expression of the glucose transporter Glut1 and the enzymes
Hexokinase2 and Pyruvate Kinase evaluated by qRT-PCR in PC3 (B) and DU145 cells (C). The data represent the average of three independent
experiments (*p<0.05). Panel D shows the effect of 1μg/ml poly I:C treatment on Glut1 and PKM2 protein expression in PC3 and DU145 cells
evaluated by western blot, β-Actin was used as loading control.



Western blot. Cell lysates were prepared using Cell Lysis Buffer
(Cell Signaling Technology, Leiden, The Nederlands) for 30 min on
ice. Total protein concentration was determined using the BCA Kit
(Thermo Fisher Scientific). A total of 15 μg of proteins were subject
to SDS-PAGE and then transferred onto nitrocellulose. The

membranes were saturated with 5% nonfat dry milk (Santa Cruz
Biotechnology, Dallas, TX, USA) in PBS containing 0.1% Tween-
20 (PBS-T) and then incubated overnight with the primary antibody
at 4˚C. After three washes (10 min each) with PBS-T, blots were
incubated for 1 h at room temperature with horseradish-conjugated
secondary antibody. Membranes were washed again with PBS-T and
developed using the chemiluminescence system (Luminata
Crescendo Western HRP substrate, Millipore, Billerica MA, USA).
Primary antibodies used were: anti PKM2 and anti HIF1-α, both
from Cell Signaling Technology and anti GLUT1 and anti β-
ACTIN, both from Santa Cruz Biotechnology. The secondary
antibodies were goat anti-rabbit and goat anti-mouse, both from
Santa Cruz Biotechnology. For densitometric analysis the software
ImageJ was used.

Flow cytometry. Cells were detached from the culture dishes with
trypsin/EDTA and washed with PBS plus 1% BSA. For TLR3
detection, the mouse immunoglobulin G fluorescein isothiocyanate-
conjugated anti-TLR3 monoclonal antibody was used. As control
fluorescein isothiocyanate-conjugated mouse IgG1ĸ Isotype Control
was used (Adipogen Life Sciences, San Diego, CA, USA). After
washings, cells were analyzed with an Accuri B6 cytometer. To
exclude dead cells and cell debris, they were gated using forward
versus side scatter. 104 cells/sample were acquired for quantification
of the expression of the TLR3 and the mean fluorescence intensity
was calculated.

Statistical analysis. Data presented as the mean±standard deviation
of at least three independent experiments. Student’s t-test was used
for paired sample analysis, all the other statistical analyses were
performed by one-way ANOVA followed by the Bonferroni post-
hoc comparison test. p<0.05 was considered significant.

Results
TLR3 is expressed on human PCa cells and its stimulation
increases the expression of genes involved in glucose
metabolism. The expression of TLR-3 was initially examined
on two of the most commonly used prostate cancer cell lines,
PC3 and DU145. Figure 1A shows similar levels of
expression of the receptor in the two different cell lines. We
have previously shown that stimulation of human prostate
cancer cells with poly I:C, the synthetic activator of TLR3,
induces the transcription factor HIF1-α (12). Considering the
ability of HIF1-α to modulate the expression of many genes
involved in glycolysis, we decided to examine the expression
of some of these genes after stimulation of PC3 and DU145
cells with 1 μg/ml of poly I:C. Figure 1B and C shows that,
after 24 h of stimulation, the expression of genes coding for
the glucose transporter GLUT1 and the enzymes hexokinase2
and PKM2 significantly increased in both cell lines. Western
blot analysis was performed to validate the data obtained with
the qRT-PCR experiments. Figure 1D shows that in both cell
lines poly I:C stimulation increased GLUT1 and PKM2
expression also at the protein level. These data suggested that
the activation of TLR3 is able to induce metabolic
modulations, probably boosting glucose consumption. 
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Figure 2. Poly I:C treatment induces the modulation of specific
metabolites in PC3 and DU145 cell lines. The intracellular amount of
pyruvate (A) and lactate (B) produced were evaluated by gas
chromatography/mass spectrometry. The ratio between lactate and
pyruvate is represented in C. The data represent the average of three
independent experiments. * p<0.05, **p<0.001, N.s.: Non-significant.



Poly I:C treatment of PCa cell lines induces intracellular
lactate accumulation. One of the main indicators of the WE is
lactate accumulation. Mass spectrometry was used to study the
concentration of lactate and pyruvate in the cell culture media
of PC3 and DU145 cells stimulated or not with poly I:C 1
μg/ml. Poly I:C does not have a significant effect on the amount
of lactate and pyruvate in the cell culture medium (data not
shown). The same analysis was carried out on extracts from
cells treated with and without poly I:C for 24 h. Poly I:C
stimulation had no effect on pyruvate concentrations (Figure
2A), while it induced a two-fold accumulation of lactate in both
cell lines (Figure 2B), as evident also by the analysis of the
intracellular lactate/pyruvate ratio (Figure 2C).

Poly I:C-induced lactate accumulation in PCa cells is 
HIF1-α dependent. To demonstrate whether accumulation of
lactate observed in PC3 and DU145 cells after TLR3
stimulation is dependent on the activation of HIF1-α, the
cells were transfected with RNA interference (iRNA) oligos
directed against hif1-α (iHif1-α) or a control iRNA (iscr) and
then were stimulated with 1 μg/ml poly I:C. Initially, the
efficacy of transfection with HIF1-α interfering oligos was
confirmed. Figure 3A and B show that poly I:C treatment
induced an increase of HIF1-α in cells transfected with the
scramble sequence, while a significantly lower increase of
HIF1-α was observed in cells transfected with oligos against
HIF1-α. We then evaluated the metabolites concentration
using mass spectrometry. Figure 3C shows that while iHif1-
α or iscr oligos alone did not significantly modulate the
lactate/pyruvate ratio in both cell lines, treatment with poly
I:C reduced the ratio of lactate/pyruvate by about 50% in
cells transfected with iHif1-α compared to cells transfected
with iscr. These results indicated that, at least in part, the
metabolic modulation described above is directly dependent
on the activation of HIF1-α. Interestingly, in agreement with
our working hypothesis, in the LnCap prostate cancer cell
line that is unable to activate HIF1-α after stimulation with
poly I:C (12), no modulation of the intracellular or
extracellular concentrations of lactate and pyruvate was
observed (Figure 3D and data not shown, respectively).

A2b and CD73 modulation after poly I:C treatment of PCa
cell lines. It has been demonstrated that CD39 is
constitutively expressed in prostate cells (25). To assess
whether TLR3 stimulation modulates the extracellular
adenosine axis, the expression of CD73 and A2b receptor
was evaluated in PC3 and DU145 cells stimulated or not
with Poly I:C. Figure 4 shows that treatment with 1 μg/ml
poly I:C produced an 1.8-fold increase in the expression of
CD73 in PC3 cells and a 7-fold induction in DU145 cells.

TLR3 and A2b signaling synergize in the induction of
lactate accumulation in PCa cell lines. To evaluate a
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Figure 3. Analysis of the interplay between HIF1-α expression and
glycolytic metabolism in PC3 and DU145 cells. (A) Effect of 1 μg/ml
poly I:C on the amount of HIF1-α protein evaluated by western blot. (B)
Densitometric analysis of the western blot in A. The normalized ratio
HIF1-α/β-actin is shown. (C) The intracellular ratio lactate/pyruvate
evaluated by GC/MS in PC3 and DU145 cells transfected with a control
iRNA (iscr) and an RNA interference directed against HIF1-α. (D) Effect
of poly I:C treatment on the intracellular ratio lactate/pyruvate of
LNCaP cells. The data in the graphs represent the average of three
independent experiments. *p<0.05, N.s.: Non-significant.



possible synergy in the onset of the WE between the
signaling induced by TLR3 and that induced by the A2b
receptor, PC3 and DU145 cells were treated with 5’-(N-
Ethylcarboxamido) adenosine (NECA) a known A2b
receptor activator, in combination or not with poly I:C. The
data in Figure 5 show that the activation of the A2b receptor
is able to induce a modest increase in the lactate/pyruvate
ratio in both cell lines; however, the combination of the two
treatments led to a 10-fold increase in the lactate/pyruvate
ratio in both cell lines, highlighting an evident synergistic
effect of the two pathways in the metabolic remodeling on
cancer cells.

Effect of TLR3 and A2b stimulation in benign human
prostate cells RWPE1. To better understand the meaning of
the data reported above, our analysis was extended to the
benign prostate cell line RWPE1.

Cytometric analysis was initially performed to examine
whether expression of TLR3 in  RWPE1 is similar to that
observed in PC3 and DU145 cells (Figure 6A). RWPE1
stimulation with 1 μg/ml poly I:C induced an about 6 and 2
times decrease in the levels of pyruvate and lactate in the cell
culture medium, respectively (Figure 6B). No effect was
observed in their intracellular levels (data not shown). As
observed in prostate cancer cells, the same stimulation does
not alter the expression of A2b receptor but induces a
fivefold increase in the expression of CD73 (Figure 6C).
Surprisingly stimulation with NECA does not induce
variations in either intra- or extra-cellular lactate or pyruvate
concentration in the cells treated or not with poly I:C (data
not shown and Figure 6C). 

Discussion
In recent years, several mechanisms of metabolic adaptation
have been established in different cells of the immune
system once activated. These adaptations, including
increased glycolysis and reduced OXPHOS, are instrumental
to support these cells in the production of large amounts of
cytokines, antibodies and specific receptors as well as in the
activation of rapid proliferation programs (26). Interestingly,
cancer cells subjected to the same inflammatory stimuli are
able to reprogram their metabolism, suggesting a parallelism
that needs to be further explored (18).
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Figure 4. qRT-PCR-based expression analysis of A2b (A) and CD73 (B) mRNA in prostate cancer cell lines PC3 and DU145 treated or not with
poly I:C for 24 h. The data represent the average of 3 independent experiments. *p<0.05, N.s.: Non-significant.

Figure 5. Effect of poly I:C, NECA or the combined treatment on the
intracellular lactate/pyruvate ratio in PC3 and DU145 cells. The data
represent the average of three independent experiments. *p<0.05.



Prostate inflammation is a very common pathology and,
although the association between recurrent inflammation and
prostate cancer onset and progression has been proposed many
years ago and still debated, little is known about the metabolic
adaptations of prostate cancer cells caused by infectious agents.
The prostate has a peculiar metabolic profile and specific
changes are commonly observed during the progression of
prostate cancer (5); as an example, prostate cells activate the
WE only when they become metastatic. For prostate cancer,
therefore, the pattern of appearance or exacerbation of the WE
suggests that this metabolic switch could facilitate the survival
of cells in the stages of increased aggressiveness and the
possible adaptation in microenvironments alien to the primary
tumor sites. As clearly demonstrated in several models, the WE

is not only a mechanism for fast production of energy, but also
a mechanism that helps cancer cells to produce the building
blocks and reducing units necessary for a high rate of cell
proliferation (7).

Our data indicated that, mimicking a viral infection, TLR3
stimulation and subsequent HIF1-α activation directly induce
the exacerbation of the WE in prostate tumor cells, by inducing
expression of genes involved in glucose import and metabolism
and the accumulation of lactate. We also demonstrated that
poly I:C-induced lactate is not secreted but remains within
cancer cells. Given the low efficiency of aerobic glycolysis in
terms of energy production, the increased glucose utilization is
probably related to the increased need of intermediate
metabolites and/or reducing units. The observed increased
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Figure 6. Analysis of TLR3 expression and metabolic effect of its
activation in RWPE1 cells. (A) Analysis of TLR3 expression by flow
cytometry on RWPE1 cells. (B and C) the effect of poly I:C, NECA or
the combined treatment in RWPE1 cells. (B) Extracellular accumulation
of pyruvate and lactate. (C) qRT-PCR-based mRNA expression analysis
of A2b receptor and CD73. The data represent the average of three
independent experiments. *p<0.05. N.s.: Non-significant.



expression of PKM2 suggests, for example, a possible
activation of the serine synthesis pathway or the pentose
phosphate pathway (7). Additional experiments are needed to
fully clarify which are the pathways driving the observed
phenomenon under these specific inflammatory conditions.
Interestingly, these cells, by blocking lactate secretion, avoid
wasting it and allow its recycling to acetyl-coA which is then
used in the TCA and offers an energetic gain. Among the
various effects induced by pathogen-sensing receptors
(including TLRs), ATP secretion has been also observed (27).
In cells expressing CD39, secreted ATP is immediately
transformed into AMP and then by CD73 into adenosine,
which in turn activates specific receptors expressed
differentially by the various cell types. The engagement of
adenosine receptors has been shown to induce the inactivation
(anergy) of the cells of the immune system. Indeed, this could
be one of the mechanisms by which cancer cells producing
large amounts of adenosine escape the immune system (28).
However, adenosine is not bound only to receptors expressed
on immune cells, but also to those expressed by tumor cells
inducing an autocrine loop. Our data showed that TLR3
signaling synergizes with A2b receptor signaling [the only
receptor expressed on the PC3 and DU145 cells (22)]
suggesting a possible cooperation in the complex tumor
microenvironment that could boost the WE further favoring
these cells from a metabolic point of view. 

In contrast to all other tissues, normal prostate epithelium
produces and secretes citrate through a physiologic truncation
of the TCA at the level of aconitase. Mitochondrial pyruvate
import is, thus, critical to ensure an abundant supply of
pyruvate to fuel citrate production. During oncogenic
transformation, inactivation of aconitase restores the normal
TCA cycle (5). Treatment of the RWPE1 cell line with poly
I:C does not promote intracellular lactate accumulation, but
dramatically reduces the amount of pyruvate and only partially
that of lactate secreted in the culture medium suggesting a
metabolic remodeling with increased consumption of these
metabolites characteristicly observed during the pathology
progression and related to the expression of GLUT1 (29).
Surprisingly, while activation of TLR3 induces up-regulation
of two CD73 gene, the stimulation of A2b receptor does not
induce significantly different effect in terms of metabolic
rearrangement in combination, or not with poly I:C.

Conclusion

Our data suggest that both normal prostate and prostate
cancer cells gain an obvious advantage from prolonged
exposure to agents that induce inflammation such as poly
I:C. In benign cells treated with poly I:C, the use of
metabolites increases, which is a typical behavior of cells at
the beginning of the neoplastic transformation (29). On the
other hand, in tumor cells, an exacerbation of the WE is

observed, possibly, in order to sustain the metastatic cells in
the new microenvironment. Future developments should also
consider that the microenvironment of cancer cells is
complex and includes many other cell types such as cancer
associated fibroblasts, immune cells and others that could
participate to metabolic reprogramming, by secreting several
metabolites or molecules (including adenosine) that may
synergize with those described here.
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