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CD14/TLR4 priming potentially 
recalibrates and exerts anti-tumor  
efficacy in tumor associated 
macrophages in a mouse model of 
pancreatic carcinoma
Hridayesh Prakash1,2,3,†, Vinod Nadella3, Sandhya Singh4 & Hubertus Schmitz-Winnenthal5,‡

Pancreatic cancer is the fourth major cause of cancer related deaths in the world and 5 year survival 
is below 5%. Among various tumor directed therapies, stimulation of Toll-like receptors (TLR) has 
shown promising effects in various tumor models. However, pancreatic cancer cells frequently 
express these receptors themselves and their stimulation (TLR 2 and/or 4 particularly) within tumor 
microenvironment is known to potentially enhance tumor cell proliferation and cancer progression. 
Consistent stimulation of tumor associated macrophages (TAMs), in particular with tumor derived TLR 
ligand within the tumor microenvironment promotes cancer related inflammation, which is sterile, 
non-immunogenic and carcinogenic in nature. In view of this, recalibrating of TAM has the potential to 
induce immunogenic inflammation. Consistent with this, we provide experimental evidence for the first 
time in this study that priming of TAMs with TLR4 ligend (LPS) alone or in combination with IFN-γ not 
only recalibrates pancreatic tumor cells induced M2 polarization, but also confers anti-tumor potential 
in TAMs. Most interestingly, reduced tumor growth in macrophage depleted animals suggests that 
macrophage directed approaches are important for the management of pancreatic tumors.

Pancreatic cancer is one of the most aggressive forms of gastrointestinal cancers accounting for more than 25% 
cancer related deaths worldwide. While several factors including genetic mutation, diet, smoking and diabetes 
contribute to disease progression1–3, chronic inflammation which is manifested by recruitment of macrophages in 
particular to the pancreas, thought to be one major etiological factor increasing the risk for developing pancreatic 
cancer4,5. Symbiotic association of pancreatic tumor/satellite cells with tumor infiltrating macrophages (TAMs) 
supports metastatic spread of tumor cells during the early stages of carcinogenesis6–8. It is now believed that such 
tumor microenvironment not only confers a poor prognosis but also interferes with various tumor directed ther-
apies. TAMs maintain a tumor beneficial microenvironment by secreting various factors including VEGF, TGF-β 
which only induce tumor cell growth but are also vital for maintenance of tumor vasculature. Both accumulation 
and density of TAMs within the tumor microenvironment are correlated with poor prognosis9 in cancer patients.

Under the influence of various cytokines/growth factors secreted by either tumor cells or macrophages dur-
ing the course of tumorigenesis, the infiltrating iNOs+ regulatory M1 macrophages get strongly polarized to 
Arginase-1 & CD206+ M2 macrophages, which are immunosuppressive and promote tumor growth10–13 in mul-
tiple ways. Several reports have shown the accumulation of CD163high and CD206+ TAMs in human and murine 

1Translational Immunology Division, German Cancer Research Center (DKFZ), Heidelberg, Germany. 2National 
Center of Tumor diseases (NCT), Heidelberg, Germany. 3Translational medicine Laboratory, School of life sciences, 
University of Hyderabad, Hyderabad, India. 4Department of Animal Biology, School of Life sciences, University 
of Hyderabad, 500046, India. 5Department of Visceral Surgery, University Medical Center, Heidelberg, Germany. 
†Present address: Translational medicine Laboratory, School of life sciences, University of Hyderabad School of Life 
sciences, University of Hyderabad, 500046, India. ‡Present address: Klinikum Aschaffenburg-Alzenau, Aschaffenburg, 
Am Hasenkopf, 63739, Germany. Correspondence and requests for materials should be addressed to H.P. (email: 
hridayesh.prakash@gmail.com) or H.S.-W. (email: hubertus.schmitz-winnenthal@klinikum-aschaffenburg.de)

received: 24 March 2016

accepted: 20 July 2016

Published: 11 August 2016

OPEN

mailto:hridayesh.prakash@gmail.com
mailto:hubertus.schmitz-winnenthal@klinikum-aschaffenburg.de


www.nature.com/scientificreports/

2Scientific Reports | 6:31490 | DOI: 10.1038/srep31490

model of pancreatic tumors respectively14,15 leading to therapeutic challenges. Based on this, switching the M2 
phenotype of TAMs to M1 regulatory macrophages16,17 has the potential to afford anti-tumor immunity.

The potential role of Low dose gamma irradiation (LDR) which we have recently proposed as a potential 
strategy for recalibrating TAMs towards M118,19 in both murine insulinoma as well as in advanced stage pancre-
atic ductal adenocarcinoma (PDAC) patients, failed to induce anti-tumor immunity through irradiated mac-
rophages against exponentially growing exocrine PancO2 tumor cells. Interestingly, priming of tumor induced 
macrophages with TLR4 agonist (LPS) alone or in combination with IFN-γ not only altered M2 polarization but 
also induced a strong anti-tumor immune reaction. Furthermore, our animal experimental data revealed the 
importance of macrophages in tumirogenesis. Taken together, our study confirms the significance of macrophage 
directed tumor therapies against aggressive cancer of pancreas.

Results
LPS signaling prevent tumor driven M2 reprogramming in macrophages.  Treatment of Th1 
primed and iNOS+ RAW MΦ (Fig. 1A) with lysate prepared from well defined20 and exponentially growing 
(Suppl. Fig. 6) murine pancreatic ductal adenocarcinoma cell line (PancO2) significantly inhibited the generation 
of NO in their culture supernatants (Fig. 1A,B) and expression of iNOs proteins (Fig. 1C) in the Th1 primed 

Figure 1.  M1dim polarization of M1bright RAW macrophages by Panco2. (A) RAW264.7A murine MΦ were 
stimulated with Th1 cytokine with and without lysate prepared from PancO2 pancreatic tumor cell line (100 ng 
protein) both directly and indirectly and cultured for indicated time points. NO titer was quantified in the 
culture supernatants after 48 h by Griess reagent method. Shown here is the mean μM of NO ± SEM from three 
independent stimulation experiments. (*Indicate P < 0.05 and **P < 0.01). RAW macrophages were stimulated 
with TNF and IFN-γ in the absence (B) or presence (C) of Panco2 lysate, and the expression of iNOS proteins 
was visualized by immunofluorescence microscopy. Shown here are representative pictures obtained from two 
independent experiments.
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macrophages demonstrating the M1dim (NOlow) programming of M1 effector macrophages by tumor lysate. These 
results for the first time demonstrate that tumor cells driven M2 programming is the characteristic of iNOS+ and 
NO producing M1 macrophages but not the resting and iNOS negative macrophages which neither produced 
nor changed their NO levels upon treatment with Panco2 lysate. This is quite interesting observation and suggest 
that M2 or M1dim polarization is the characteristics of only activated and proinflammatory macrophages This is 
because of many intracellular signalling kinases like MAPK, STAT, and other critical intracellular proteins like 
Myd88, IRF, HIF1 and SHIP1, 2 proteins which work in concert only in activated macrophages and not in resting 
macrophages, contribute in NO production and in orchestration of Th1 (M1-) or Th2 (M2-) effector immune 
response. This motivated us to investigate whether interaction of MΦ with intact PancO2 cells will also have 
similar impact on MΦ retuning. To demonstrate this, TNF-α + IFN-γ stimulated RAW MΦ were co-cultured 
with PancO2 cells either directly or indirectly in trans-well chamber and NO levels in their culture supernatants 
were quantified. In line with above results, co-culture of macrophages (1:1 ratio) with PancO2 cells either directly 
or indirectly, consistently inhibited NO titre in cytokine differentiated iNOS+ MΦ (Fig. 1B) which produced 
copious amount of Th1 effector cytokines18 upon stimulation. However, the extent of inhibition was much lower 
by intact tumor cells in comparison to their lysate (Fig. 1A). Interestingly, PancO2 lysate could not inhibit LPS 
induced NO levels in these MΦ (Fig. 2) providing first evidence that TLR4 stimulation is decisive for the mainte-
nance of M1 effector phenotype in Tumor induced MΦ (TIM). On this basis we argue whether such priming of 
TIM would confer similar retuning in MΦ when exposed to increasing tumor cell burden, as seen during tumor 
development. In order to demonstrate this, MΦ were co-cultured with increasing tumor cells (1:0.5–10) and 
quantified NO titers in these culture supernatants. Interestingly, co-culturing of un-stimulated and undifferenti-
ated MΦ with increasing tumor cells also could not change the constitutive titer of NO (Suppl. Fig. 1) while inhib-
iting IFN-γ (Fig. 3B) or TNF-α+ IFN-γ (data not shown) induced NO level both in time and tumor cell number 
dependent manner. Surprisingly, neither LPS nor IFN stimulation on their own could prevent the drop in NO 
levels in the culture supernatants of these co-cultures up to 96 h post stimulation (Fig. 3A). However, treatment 
of these co-cultures with LPS and IFN-γ together not only enhanced NO titer significantly but also rescued NO 
levels even in highest R: P ratio group (Fig. 3C) up to 96 h, demonstrating the significance of LPS and IFN con-
certed signaling in M1 retuning of tumor induced M2 phenotype in macrophages. On these bases, we questioned 
whether priming of MΦ with LPS + IFN will sustain M1 effector phenotype upon their further challenge with 
tumor cells. To test this, RAW macrophages were primed with LPS + IFN-γ for 24 h to acquire M1 phenotype 
(Fig. 4A,B), washed and incubated with increasing number of PancO2 cells for another 72 h and NO titer was 
quantified in their culture supernatant. Contrary to our prediction, transient stimulation of RAW macrophages 
with LPS + IFN-γ could not mitigate PancO2 mediated loss of NO levels (Fig. 4C) in these co-cultures which cor-
related with a dose dependent decrease in iNOs expression, concurrent increase in expression of various M2 pro-
teins (Fig. 4D,E), enhancement in of TGF-β and VEGF and its receptor KDR-1 (VEGFR2) levels (Suppl. Fig. 2A)  
and inhibition of M1 effector cytokines (Suppl. Fig. 2B,C) in their culture supernatant which altogether con-
firmed M2 polarization10,11,21,22 of tumor induced MΦ.

TLR4 signaling and/or gamma irradiation both retune TAM.  Among various neo-adjuvant tumor 
directed therapies, radiotherapy is a non-invasive strategy and used globally for inducing tumor immune rejec-
tion. Our recent study also demonstrated the influence of Gamma irradation on TLR4 induced M1 retuning 
of Tumor MΦ population18 from insulinoma bearing RipTag5 mice. We therefore analyzed whether Gamma 
irradiation and TLR4 co-stimulation would potentially retune Panco2 co-cultured RAW MΦ.To demonstrate 
this, RAW MΦ + PancO2 co-cultures were irradiated with 2 Gy dose of gamma irradiation and NO levels were 
quantified along with expression of intracellular M1/M2 proteins and various cytokines in their culture superna-
tants. Although, irradiation of RAW MΦ + PancO2 unstimulated co-cultures with 2 Gy enhanced expression of 
iNOs only marginally (Fig. 5A), it down regulated the expression of CD206 and HIF-2 significantly (Fig. 5B,C) 

Figure 2.  CD14/TLR4 stimulation mitigate tumor cell derived M1dim programming in macrophages. RAW 
macrophages were cultured with and without PancO2 lysate in presence or absence of bacterial LPS and induced 
titer of NO was quantified in their culture supernatant at indicated time intervals. Shown here is the mean μM of 
NO ± SEM from three independent stimulation experiments.
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over sham irradiated co-cultures. Time dependent increase in TNF-α titer, and rescue of IL-12p40 and p70  
(Suppl. Fig. 3A,B), chemokines (Suppl. Fig. 3C) and decrease in Th2 effector cytokines (Suppl. Fig. 3D) in the 
irradiated co-cultures over sham suggested an overall depolarization of M2 MΦ. We next analyzed whether 
gamma irradiation of RAW MΦ + PancO2 co-culture would have synergistic impact on MΦ retuning, which 
was conferred by LPS. To this end, MΦ + PancO2 co-cultures were stimulated with LPS and irradiated with 
2 Gy gamma radiation simultaneously and quantified NO titer. As expected, gamma irradiation of LPS stim-
ulated MΦ + PancO2 co-cultures not only enhanced LPS induced NO levels synergistically but also res-
cued NO titers (Fig. 6). However, gamma irradiation could not modify NO titre in either IFN-γ alone or in 
LPS + IFN co-stimulated MΦ + PancO2 co-cultures over LPS only treated group, which could probably be due 
to TGF-β. iNOS proteins were barely enhanced in these co-cultures. Most interestingly, gamma irradiation of 
RAW MΦ + PancO2 stimulated co-cultures led to the reduction in the expression of CD206 (M2 differentiation 
marker) and HIF-2 proteins (Suppl. Fig. 4), drop in TGF-β and concurrent increase in IL-12 titer in LPS treated 
co-cultures (Suppl. Fig. 5) demonstrating the influence of gamma radiation and LPS driven M1, M2 reprogram-
ming of tumor induced MΦ. Synergistic upregulation of CD14 receptors in co-cultures (Suppl. Fig. 4D) over 
RAW MΦ single cultures revealed the contribution of tumor cells in CD14 receptor expression and associated 
siganlling in driving macrophage polarization. This observation is in line with previous studies which demon-
strated the role of tumor infiltration of CD14 receptor positive tumor as well as immune cells for the establish-
ment of tumor supportive micro-environment which could be involved in M2 polarization of tumor infiltrated 

Figure 3.  Co stimulation of RAW macrophages with CD14/TLR4 ligand (bacterial LPS) and IFN-γmitigate 
tumor cell derived M1dim programming in iNOS+ and inflammatory macrophages. RAW macrophages 
and PancO2 co-cultures were stimulated with bacterial LPS (A) and IFN-γ (B) or together (C) and cultured for 
the indicated duration of time and their culture supernatant were quantified for NO titer. Shown here is the 
mean μM of NO ± SEM from five independent stimulation experiments. (*Indicate P < 0.05 and **P < 0.01).
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Figure 4.  Transient stimulation of CD14/TLR4 and IFN signaling dose not mimic tumor cell derived 
M1dim programming in M1 macrophages. RAW macrophages were stimulated with LPS/IFN and NO titer 
(A) and the expression of iNOS proteins was confirmed by immunofluorescence method (B) for showing M1 
polarization of these macrophages against control. Shown here are the representative images of macrophages 
from several stimulations. (C) LPS + IFN stimulated RAW macrophages after culturing for 24 h were analyzed 
for the production of NO in their culture supernatant, washed and co-cultured further with varying amount of 
the tumor cells for another 72 h. Culture supernatants were collected and quantified for NO titer. Shown here is 
the mean μM of NO ± SEM from three independent stimulation experiments. (D) The co-cultures mentioned 
under C were lysed and analyzed for various M1 and M2 effector proteins by western blotting. Shown here is the 
representative blot from three independent experiments. (E) The western blots shown under (D) were quantified  
by densitometry. Shown here is the mean of protein/actin ratio ± SEM from three representative images with 
similar outcome. (*Indicate P < 0.05 and **P < 0.01).
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macrophages23–26 as well as in our experiments. These data for the first time demonstrate that TLR4 stimulation 
and/or gamma irradiation is paramount for retuning of27–29 tumor associated macrophages.

TLR4 is critical for imparting anti-tumor potential in retuned TAM.  Our recent findings have 
demonstrated the potential role of LDR in retuning TAM18,19 in neuroendocrine tumor of pancreas which failed 
to afford anti-tumor potential in irradiated macrophages against exponentially growing PancO2 tumor cells. 
On the basis of these observations that LDR in conjugation with LPS drive M1 re-programming of TAM, we 
strongly anticipated that TLR4/2 Gy driven retuning of TAM would also impart anti-tumor potential in these 
MΦ. In order to confirm this, survival of exponentially growing PancO2 tumor cells (Suppl. Fig. 6) was observed 
in presence of conditioned media (CM) from LPS or LPS + IFNγ stimulated MΦ. As expected, both of these 
condition media strongly inhibited Panco2 tumor cells growth in time dependent manner (Suppl. Fig. 7A–C). 
To further demonstrate the influence of gamma irradiation on anti-tumor potential of TLR4 and IFN-γ, RAW 
MΦ and Panco2 were co-cultured in trans well chambers. LPS+/− IFN-γ stimulated RAW cells with and without 
irradiation were maintained in the upper compartment and exponentially growing PancO2 tumor cells in the 
lower chamber to monitor their survival over the period of time. Interestingly and in contrast to our expectation, 
gamma irradiation could not improve LPS and/or IFNγ mediated tumor control (Suppl. Fig. 8) in tumor induced 
macrophages. Based on these observations, we were keen in translating our findings in vivo, and for that purpose 
PancO2 survival was analyzed under CM from thioglycolate elicited and MACS purified CD11b+ peritoneal 
MΦ from C57BL/6j mice. These cells were stimulated with Th1 effectors and irradiated. In line with earlier data 

Figure 5.  2 Gy gamma radiation down regulates M2 effector proteins in tumor fed macrophages. (A) RAW 
MΦ culture alone and their co-culture with Panc2 in (1:10 ratio) were irradiated with 2 Gy dose and analysed for 
the expression of iNOs (M1 effector protein) (B,C) and various M2 effector proteins after 48 h post irradiation. 
Shown here is the mean of MFI of the proteins ± SEM from five independent experiments. (*Indicate P < 0.05).
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from RAW macrophages, CM from LPS + IFN-γ treated CD11b+ primary macrophages also inhibited growth 
of PancO2 tumor cells strongly (Suppl. Fig. 9). Gamma irradiation of the primary macrophages once again and 
in line with RAW macrophages data could not improve LPS + IFN-γ mediated anti-tumor potential of CD11b+ 
macrophages. These observations indicated the radioresistant nature of PDAC tumor cells.

Macrophages are important for the tumor development in vivo.  Accumulation of MΦ in the major-
ity of tumors is correlated with poor prognosis and offers major hindrance in tumor directed therapies. Therefore, 
either their M1 retuning or depletion seems to entail therapeutic interventions in treating cancer patients. 
On these bases, we argue that depletion of peripheral MΦ population may bear impact on tumor growth. To 
test this hypothesis, peripheral macrophages in C57/Bl6 mice were depleted by weekly application of clodro-
nate loaded liposomes which we have used in our recent study for depleting CD11b+ peripheral macrophages  
effectively18,19 and implanted PancO2 tumor cells subcutaneously to analyze the tumor growth over a period of 
time. As expected, depletion of MΦ not only reduced subcutaneous growth of pancreatic carcinoma (Fig. 7A,B) 
but also reduced key M2 effector cytokines titre (Fig. 7C) in these tumors30 demonstrating that MΦ are essential 
for tumor establishment and there depletion may offer treatment advantage. To translate the TLR4 driven tumor 
killing in vitro, mice were treated with empty plasmid from attenuated strain of S. typhimurium as a biological 
source of TLR-4 ligand and for inducing M1 effector immune response in tumor bearing mice. In line with our 
in vitro data, mice treated with this vaccine reduced the growth of implanted tumors. This was also accompanied 
with drop in VEGF titre (Fig. 7C), demonstrating potential retuning of tumor microenvironment. Most inter-
estingly, the tumor growth in S. typhi DNA treated mice remained much lower than in mice depleted with MΦ 
(Fig. 7) which could be due to accumulation of M1 macrophages in these mice. Taken together our data for the 
first time revealed the significance of MΦ phenotyping and their role in immunity against exocrine tumors of 
pancreas.

Discussion
Treatment strategies for pancreatic carcinoma are still in initial stages of development and those all explored 
could not prolong the median survival rate beyond few days to few weeks in cancer patients. This may be partly 
due to desmoplastic reactions manifested in stromal reactions which inhibit immune mediation rejection of 
tumors. Either under the influence of tumor microenvironment or by continuous uptake of dead tumor cells as a 
result of various anti-cancer drugs during treatment, peripheral or local MΦ gets strongly polarized from M1 MΦ 
towards M2 phenotype22,31. Such polarization is decisive for tumor progression and has been reported to be one 
key reason for failure of tumor directed immunotherapies. Thus, functional recalibrating of M2 to M1 phenotype 
may well prove decisive for an effective immunotherapy. Among various tumor directed interventions, radio-
therapy has the potential to induce immune mediated tumor rejection. For an effective immunotherapy, the MΦ 
should not only acquire M1 characteristics but should also be able to kill tumor cells. In past, various approaches 
such as use of TLR agonists like CpG, CD40L etc. have been employed for boosting anti-tumor immunity32–34. 
Yet the success rate remain disappointing which could be because of other cells presence35, along with angiogen-
esis and tumor growth. Endogenous danger associated molecular pattern (DAMP’s) like heparan sulphate, heat 
shock proteins, HMGB1, hyaluronic acid are released from dying tumor cells which serve as ligands for various 
TLR’s within tumor microenvironment. Binding of these DAMP’s to their respective TLR’s trigger inflammation, 
promote tumor growth and immunosuppression36. Although these TLR ligands have equal chance of interacting 
with both MΦ as well as tumor cells in the established tumor microenvironment, abundance of tumor cells TLR 
signaling mainly activate tumor cells. Use of MΦ specific TLR’s in the immunosuppressive tumor microenvi-
ronment is still being at an early stage, selective activation of MΦ TLR’s by PAMPs37 has thus generated a lot of 
interest with the goal to selectively target TAMs. To this end, employing LPS alone or in combination with IFN-γ 
as an adjuvant to activate TLR4 signaling in MΦ effectively stabilized NO response in tumor induced MΦ and 

Figure 6.  2 Gy and CD14 stimulation encounter M1dim polarization of Tumor cells fed macrophages. The 
RAW-PancO2 co-cultures (1:10 ratio) were stimulated with LPS and cultured for indicated time intervals. 
Culture supernatants were analysed for NO titer. Data are represented as mean μM of NO ± SEM from three 
independent experiments. (*Indicate P < 0.05).
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further assisted TAMs in controlling tumor cell growth. Our results justified using LPS as TLR4 ligand in order 
to induce M1 phenotype. Opposed to TLR4, LPS binds to CD14 receptor on myeloid cells, which drive strong 
Th1/Th17 signalling in MΦ and circulating dendritic cells. Intestingly, this receptor is mainly present on innate 
immune cells where their activation leads to the activation of Mitogen-activated protein kinase (MAPK), and oth-
ers involved in protective inflammation as seen in LPS primed MΦ. We have recently demonstrated the impor-
tance and synergestic role of LDR in tumor infiltration of CD14+ MΦ in irraidated insulinomas, LPS induced 
expression of iNOS and generation of NO in MΦ from late stage insulimoa bearing mice18. Therefore we feel that 
upregulation of CD14 and associated signalling componants like IRAK, MyD88 and their activation38,39 could 
have contributed in M1 recalibrating of tumor induced MΦ. CD14+ immune cells are well known producers of 
TNF-α and NO which are the charactersitcs of M1 macrophages. Therefore we strongly believe that accumulation 
of these cells could have accounted for reduced tumor growth in S.Tyhpi-DNA vaccine administered mice. Beside 
altering the phenotype, selective depletion of TAMs also represents an alternative for the management of tumors 
as seen in breast cancer patients. Reduced PancO2 tumor growth in clodronate treated mice demonstrated that 
depleting TAM30,40 as a potentially easier path towards successful therapeutic intervention and management of 
aggressive cancers of the pancreas. Taken together, these results demonstrate the significance of macrophage 
directed therapy in controlling pancreatic cancer.

Material and Methods
Ethical statement.  All methods mentioned in this section were carried out in “accordance” with the 
approved guidelines and experiments protocols were approved by the institutional Biosafety committee of 
German Cancer Research Centre. Animal experiments were authorized by the local government authority, 
Karlsruhe, Germany.

Figure 7.  Macrophages are necessary for the tumor development. Macrophages were depleted in C57/BL6j 
mice by i.p. injection of clodronate liposomes. 1 × 104 PancO2 tumor cells were implanted sub-cutaneously on 
both flanks of mice and tumor growth (A) was monitored over the period of 7 weeks. Shown here is the mean of 
tumor growth ± SEM from 10 mice. (B) Macroscopic and vascularized Panco2 tumors were excised at Day 49 
and their physical parameters such as tumor volume and tumor weight were analyzed. (C) Intra-tumoral titer of 
VEGF and VEGFR2 and TGF-β were also quantified. Data are represented as mean of pg/ml of proteins ± SEM 
from 8 mice from PancO2 tumor alone and 4 mice each from clodronate and mice received empty plasmid from 
S. typhi DNA by oral route. (*Indicate P < 0.05 and **P < 0.01).
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Antibodies and reagents.  RPMI 1640, Lipopolysaccharide (LPS), Penicillin Streptomycin solution, 
NaNO2, were purchased from Sigma (Taufkirchen, Germany). The Luminex kit was purchased from Bio-Rad 
Laboratories GmbH. Postfach 450133, D-80901 München, Germany, Sulphanilamide and N-(naphthyl) 
ethylene-diaminedihydrochloride were purchased from E-Merck (Darmstadt, Germany). Recombinant mouse 
TNF and IFN cytokines, Rabbit polyclonal anti-iNOs and anti-arginase-1 and anti-CD14 antibodies were pur-
chased from BD transductions (Heidelberg, Germany). Rabbit anti-mouse pp65 (RelA), pp50 (nf-kb) antibodies 
were purchased from Cell signaling. Anti Actin antibody was purchased from Sigma and VEGFR2 antibody was 
purchased from Novus Biological. Rabbit anti-Ym-1 antibody was purchased from Stem cell technology; Fizz-1 
antibody was purchased from Ab-cam. Anti-HIF-1 and 2 antibodies were purchased from Novus Biological Actin 
antibody was purchased from Sigma GmBH. Goat anti-rabbit HRP and Mouse HRP conjugated secondary anti-
bodies were purchased from Sigma and Santa Cruz respectively.

Cell culture experiments.  RAW264.7A standard murine macrophage line was procured from ATCC 
and41,42 mouse pancreatic ductal adenocarcinoma cell line PancO2 was kind gift from Prof. Märten NCT, 
Heidelberg. These cells were co-cultured both directly as well indirectly. For direct co-culture experiments, 
RAW MΦs were seeded one day before for the adherence. Next day, cells were washed once with serum free 
media and PancO2 cells were seeded over the monolayer of RAW macrophages and these cells were cultured 
for one more night for the adherence of the tumor cells over macrophages. These cells were then stimulated 
with different stimuli for different time intervals as mentioned in the figures. For indirect cell culture, cells 
were cultured using cell culture insert whereby RAW cells were cultured over the membrane and PancO2 
cells were cultured on the bottom. The RAW macrophages in the upper chamber or RAW and PancO2 direct 
co-cultures were stimulated with various innate stimuli or irradiated by using Co60 irradiator (Siemens, 
München, Germany) Co60 irradiator producing high energetic and low LET radiation. For evaluating the 
activation potential of irradiation and/or various stimulations, nitric oxide production was quantified in their 
culture supernatant by standard Griess reagent method. Various cytokines were quantified by luminex bead 
array (Bio-Rad) method. The effect of such activation of macrophages on PancO2 growth was analyzed by MTT 
dye method.

Immunofluorescence staining.  The cells were fixed with 4% PFA for 15 min and permeabilized by 
PBS-TritonX-100 (0.1%) for 5 min and blocked with TBS + 1% BSA + 1% sera from species of the respective 
secondary antibodies. After 2 washes with PBS, cells were incubated with primary antibodies overnight at 4 °C 
followed by incubation of cells with respective secondary antibodies (Alexa Fluor-488 for green and -569 for red 
color) for 1 h. Nuclei were stained with DAPI for 5 minutes. Stained cells were washed, mounted and analyzed 
with a fluorescent microscope (Axivort, Carl Zeiss) under 63× magnifications.

Western analysis.  The cells were lysed in RIPA buffer (50 mM Tris-HCl, pH 7.4, 150 mMNaCl, 2 mM EDTA, 
1% Nonidet P-40, and protease inhibitor mixture) and sonicated. The lysate was centrifuged at 14,000 rpm for 
20 min at 4 °C to separate the particulate fraction. Protein concentration was determined by BCA kit (Peirce). 
20 μg protein per sample were separated on Nu-PAGE Bis-Tris Mini Gels system and blotted on PVDF mem-
branes. Blots were blocked at room temperature for 30 minutes with 5% nonfat dry milk in TBS-T (20 mM 
Tris base, 137 mM NaCl, and 0.05% Tween 20, pH 7.5) and then incubated overnight at 4 °C with primary and  
subsequently with horseradish peroxidase-conjugated secondary antibodies. Blots were developed by ECL reagent  
(GE Healthcare). β-actin was used an internal loading control.

Fluorimetric analysis.  Various intracellular signaling proteins were measured by fluorimetric method. The 
RAW macrophages and PancO2 cells were co cultured as mentioned previously but in flat bottom black 96 well 
plates. These cells were irradiated and/stimulated and incubated for various time intervals up to 24 h. After incu-
bation, the cell monolayers were washed once with PBS and fixed with 4% PFA for 10–15 minutes at RT and 
permeabilized with 0.1% Triton X for 5 minutes. The cell layers were then blocked in the PBS containing 1% BSA 
and 1% serum from the host of secondary antibodies. Next the cell layers were incubated with primary antibody 
at 4 °C overnight in dark. Next day, the cells were washed twice with 1X PBS. The cells were then incubated with 
Alexa Fluor conjugated secondary antibodies (In-vitrogen) for 1 h at RT in dark. The cell layers were washed 
again twice with PBS. The plates were read at 488 nm for Alexa Fluor -488 labeled antibodies or at 594 nm for 
Alexa-Fluor 594 labeled antibodies respectively with a reference wavelength of 630 using a 96 well fluorimeter 
(TECAN infinite 200 PRO systems). Each well was read at multiple fields for the uniformity and the mean fluo-
rescence intensities of stained cells from each well were calculated.

Subcutaneous tumor experimentation.  8–10 weeks old C57/Bl6j mice were used for this study. In 
order to deplete the macrophages, these mice were injected clodronate liposomes intraperitoneally 2–3 which 
we recently reported18,19 as one of effective strategy of depleting macrophages in mice. These mice were injected 
1.0 × 105 PancO2 cells in 100 μL sterile NaCl, 0.9% (m/v), intracutaneously in both left and right flank of mice and 
tumor growth was monitored for the indicated time interval. For delivering the TLR ligands in these mice, these 
mice were treated orally with empty plasmid from attenuated strain of S. typhimurium as biological source of 
delivering TLR-4 ligand. Physical examination of tumor size and volume was done at regular intervals.

Statistical analysis.  Data sets were calculated and analyzed by Student’s t test. *P < 95% and **P < 99% 
confidence interval were considered significant.
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