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Abstract: 

 

Background/objectives: Inflammation is related to the development and progression of pancreatic cancer 

(PC). Locally, anti-inflammatory macrophages (M2), and systemically, high levels of certain inflammation-

modulating cytokines associate with poor prognosis in PC. The detailed effects of systemic inflammation on 

circulating monocytes and macrophage polarisation remain unknown. We aimed to find out how intracellular 

signalling of peripheral blood monocytes is affected by the systemic inflammatory state in PC patients and how 

it affects their differentiation into macrophages. 

 

Methods:  Monocytes were isolated from 50 consenting PC patients and 20 healthy controls (HC). The 

phosphorylation status of the signalling molecules was assessed by flow cytometry both from unstimulated and 

appropriately stimulated monocytes.  

Monocytes derived from HC and PC patients were co-cultured with cancer cells (MIA PaCa-2 and HPAF-II) in 

media supplemented with autologous serum, and the CD marker expression of the obtained macrophages was 

assessed by flow cytometry. 

 

Results: Phosphorylation levels of unstimulated STAT2, STAT3 and STAT6 were higher (p<0.05) and those 

of stimulated NF-kB (p=0.004) and STAT5 (p=0.006) were lower in patients than in controls. The expression of 

CD86, a proinflammatory (M1) marker, was higher in control- than patient-derived co-cultured macrophages 

(p=0.029). 

 

Conclusions: Circulating monocytes from PC patients showed constitutive phosphorylation and weaker 

response to stimuli, indicating aberrant activation and immune suppression. When co-culturing the patient-

derived monocytes with cancer cells, they differentiated into macrophages with reduced levels of M1 

macrophage marker CD86, suggesting compromised anti-tumour features. The results highlight the need for 

global management of tumour-associated immune aberrations in PC treatment. 
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Introduction: 

Inflammation and immune responses have significant, but thus far poorly known, associations with the 

development and progression of cancer (1). Patients with chronic pancreatitis, for example, have an 8-16-fold 

risk to develop pancreatic cancer (PC) (2-5). Systemic inflammation is characterized by activation of circulating 

immune cells and systemic release of inflammatory mediators (6, 7). In patients with cancer, these events can 

cause symptoms such as weight loss and fatigue and predispose to the development of venous thrombosis (6, 8). 

The five-year survival in PC is <10%, with shorter survival times associating with systemic inflammation (9, 

10). Cancer can also promote inflammation in several ways. Tumour-secreted cytokines, tumour cell necrosis 

and tumour-caused death of nearby healthy tissue cause local inflammation (11). Cancer-invading immune cells 

contribute to local inflammation by producing both anti- and pro-inflammatory cytokines (12) and are one key 

aspect in conferring local responses to systemic inflammation. 

 

One of the first cells to invade inflamed tissues are monocytes. Depending on the profile of inflammatory 

cytokines in the tissue environment, they differentiate into pro-inflammatory M1 or anti-inflammatory (pro-

tumourigenic) M2 macrophages. The number of M2 macrophages has been shown to associate with poor 

prognosis and higher incidence of lymph node metastasis in PC (13). In co-cultures, M2 macrophages induce an 

increased migration rate of pancreatic cancer cells (14). 

 

PC patients have elevated levels of circulating inflammatory mediators favouring Th2-oriented immune 

responses (15). How the cancer-associated immune-inflammatory state affects circulating monocytes, and how 

broadly this in turn affects their function as macrophages, is still unknown. 

 

Previously, studying patients with non-cancerous systemic inflammation, we have discovered several disease 

activity- and treatment response-associated biomarkers from circulating leukocytes. These are mostly 

phosphorylations of crucial signalling proteins, which are likely to be influenced by circulating cytokines (16-

20). We have also found that co-culture with PC cells activates the same signalling pathways in macrophages 
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(14). In the present study we searched for cancer-associated aberrant phosphorylations of the transcription 

factors nuclear factor (NF)-kB and signal transducers and activators of transcription (STATs), and Akt kinase in 

circulating monocytes. In addition to their constitutive phosphorylation, response upon stimulation was 

determined, as a decreased response could refer to immune suppression. We also aimed to reveal how the 

cancer-associated immune-inflammatory state affects monocyte differentiation into M1 or M2 macrophages as 

well as migration upon invasion into cancerous tissue. 

    

 

Materials and Methods: 

Patients: 

58 patients with suspected PC were enrolled of which eight patients with other histology (cholangiocarcinoma) 

were excluded. Patients were operated at Helsinki University Hospital between January 2018 and June 2019. 

 

Due to practicalities and as the amount of blood that we could draw per patient was limited, we divided the 

enrolled 50 PC patients into four different substudies. For the monocyte signalling study, the final number of 

patients was 23 (16 men, 7 women, aged from 49 to 84, mean 69 years). Monocytes were isolated and cultured 

from seven patients analysed for macrophage characteristics (3 men, 4 women, aged from 53 to 78, mean 68 

years). Monocytes from six patients were used in the migration experiment (4 men, 2 women, aged from 48 to 

82, mean 70 years). Serum cytokine expression was assessed from 14 patients (8 men, 7 women, aged from 59 to 

82, mean 67 years). 

A total of 20 healthy volunteers served as the healthy control (HC) group. Fourteen controls were recruited for 

the monocyte signalling study (9 women, 5 men, aged from 41 to 86 years, mean 63 years), and the remaining 

six (5 women, 1 man, aged from 26 to 70, mean 43) were used in the other three substudies. For inclusion, 

neither the patients nor the controls could have a currently ongoing infection or suffer from any chronic 

inflammatory disease (such as chronic pancreatitis). 
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Both the Department of Surgery at Helsinki University Hospital as well as the Surgical Ethical Review Board of 

the Joint Authority for the Hospital District of Helsinki and Uusimaa approved the study protocol. We obtained 

informed consent from each patient. 

 

Monocyte signalling  

Antibodies  

For monocyte surface staining, APC-Cy7-conjugated anti-CD14 antibody (clone HCD14, IgG1 ) was 

purchased from BioLegend. For intracellular phosphospecific labeling we used AlexaFluor488-conjugated anti-

pSTAT3 (pS727) (clone 49/p-Stat3, IgG1) and anti-pSTAT5 (clone 47/Stat5(pY694), IgG1 ), AlexaFluor647-

conjugated anti-pNF-B p65 (pS529) (clone K10-895.12.50, BALB/c IgG2b ), anti-pSTAT1 (pY701) (clone 

4a, IgG2a) and anti-pSTAT6 (pY641) (clone 18/P-Stat6, IgG2a), and PE-conjugated anti-pSTAT3 (pY705) 

(clone 4/P-Stat3, IgG2a), anti-pSTAT4 (pY693) (clone 38/p-Stat4, IgG2b ) and anti-pAkt (pS473) (clone M89-

61, BALB/c IgG1 ), from Becton Dickinson Biosciences (San Jose, CA, US), and FITC-conjugated anti-

pSTAT2 (pY689) (IgG) from Thermo Fisher Scientific. For monocyte HLA-DR determinations we used FITC-

conjugated anti-CD14 (clone P BALB/c IgG2b ), PE-conjugated anti-HLA-DR (clone L243, BALB/c 

IgG2a ) and its isotype control (mouse IgG2a ) from Becton Dickinson. 

Monocyte-stimulating agents  

The recombinant cytokines tumour necrosis factor (TNF), IL-4, IL-6 and interferon (IFN)- were from R&D 

Systems (Minneapolis, MN, US), IFN-α-2a (Roferon) from Roche (Basel, Switzerland) and granulocyte-

monocyte colony-stimulating factor (GM-CSF) from Becton Dickinson. Eshcerichia coli 0111:B4 

lipopolysaccharide (LPS) was from Sigma (St. Louis, MO, US). The stimulation time and concentration for each 

agent were optimised in preliminary experiments. 

Ex Vivo Stimulation and Immunolabeling of Blood Samples for Three-Color Flow 

Cytometry: 
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Just before surgery, a venous blood sample was obtained in an 8.5 ml Vacutainer tube (Becton Dickinson) 

containing ACD-A (Baxter Health Care Ltd, Norfolk, UK) as anticoagulant and kept at room temperature until 

the stimulations were started within three hours.  The blood sample was divided into eleven 50 l-aliquots in 

flow tubes (Beckman Coulter, Brea, CA, US). The tubes were supplemented either with IFN- 30000 IU/ml 

(final concentration) for 30 minutes, or IL-6 10 ng/ml, combination of LPS 100 ng/ml and TNF 10 ng/ml or GM-

CSF 100 ng/ml and IL-4 10 ng/ml for 10 minutes, or IFN- 100 ng/ml for 5 minutes in a 5% CO2-humidified 

incubator at +37oC. Reference tubes were incubated without stimulus. Anti-CD14-APC-Cy7 aliquots were added 

to all tubes for 15 minutes.  

After the incubations, leukocyte fixation, erythrocyte lysis and leukocyte permeabilization were performed 

according to BD Phosflow Protocol III for Human Whole Blood. Briefly, leukocytes were fixed, and 

erythrocytes lysed by adding 1 ml of 1x BD Phosflow Lyse/Fix Buffer to each tube and incubating at +37oC, 5% 

CO2 for 10 minutes. After pelleting, leukocytes were washed with BD Pharmingen Stain Buffer and 

permeabilized by á 0.5 ml of BD Phosflow Perm Buffer III at -20°C for 30 minutes. Cells were pelleted, washed 

with Stain Buffer and resuspended in á 50 μl of the buffer. Pretitrated amounts of the fluorochrome-labelled 

phosphospecific Abs were added to the tubes and one unstimulated tube was left without Ab to serve as a 

background tube. The samples were incubated for 20 min in the dark at room temperature, washed, resuspended 

in 300 μl of the buffer, stored in the dark on ice, and run on the flow cytometer within three hours.   

Monocyte HLA-DR labelling  

Upon aliquoting the blood sample, two 25-l aliquots were pipetted into flow tubes and kept on ice. They were 

incubated with saturating amounts of anti-HLA-DR- and CD14-FITC Abs in the dark for 20 minutes. Thereafter, 

erythrocytes were lysed with 1:10 diluted ice-cold FACS Lysing solution (Becton Dickinson) for three minutes 

on ice, leukocytes were pelleted, and the lysis was completed by repeating the lysing step at room temperature 

for 5 minutes. Leukocytes were pelleted and resuspended in 300 l of ice-cold saline supplemented with 

formaldehyde (final concentration 0.5%) and kept protected from light on ice until performing flow cytometry 

within four hours. 

Phosphospecific flow cytometry  

Data acquisition and analysis were done by a CyAn ADP flow cytometer (Beckman Coulter, CA, USA) with 

FlowJo v10.6 software (Tree Star, OR, USA). Appropriate compensations were performed prior to running the 
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samples. Monocytes were identified according to their light scattering properties and by creating a CD14-APC-

Cy7 fluorescence intensity histogram. AlexaFluor488, FITC, AlexaFluor647 and PE fluorescence histograms 

were developed from of both unstimulated and stimulated samples and the background tube. The results are 

presented as the median of relative fluorescence units (RFU, i.e. the geometric mean of the fluorescence channel 

number). The background fluorescence was subtracted from the unstimulated fluorescence level for each 

phosphoprotein studied to reveal the actual constitutive phosphorylation levels of the proteins. Fold change, i.e. 

the fluorescence level of a phosphoprotein in the stimulated sample divided by the corresponding level in the 

unstimulated sample, was used to illustrate the magnitude of the phosphorylation response of the protein to a 

given stimulus. 

Flow cytometric HLA-DR determination  

The proportion of HLA-DR-positive monocytes was determined as follows. Firstly, PE histogram of CD14-

FITC positive monocytes was developed using the sample stained with the isotype control antibody. A marker 

was set to exclude 95–97% of the events, thereby indicating the upper limit of non-specific fluorescence 

intensity of monocytes. Next, the respective HLA-DR-PE histogram was created, and the proportion of 

positively fluorescing monocytes was recorded. 

Macrophage cultures and characterisation 

Cell Cultures and Reagents: 

Mononuclear cells were isolated from PC patients’ and healthy subjects’ blood by density gradient centrifugation 

(Ficoll-Paque, Amershamn, Uppsala, Sweden).  We used magnetic beads to separate monocytes (Human 

Monocyte Isolation kit II from Miltenyi Biotec, Auburn, USA). Blood samples from different individuals were 

processed separately. Monocytes from the same donor were treated as internal controls in each of the study 

settings. 

The pancreatic adenocarcinoma cell lines used were MIA PaCa-2 (primary tumour) and HPAF-II (metastatic cell 

line) from the American Type Culture Collection. For culture, we used the media recommended in the product 

sheet (DMEM with 10% FBS for MIA PaCa-2, and EMEM with 10% FBS, 2.5% Horse serum for HPAF-II). 

Patient- and control-derived monocytes were matured into macrophages in Macrophage Serum-free Media 

(Gibco Life Technologies, Paislay, UK) supplemented with penicillin (Sigma, St.Louis, USA) 100 mg/ml and 
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15% autologous serum. After five days, MIA PaCa-2 and HPAF-II cells were added to the cultures. The 

macrophage:cancer cell ratio was 1 million:300 000 per well. Cells were seeded on Thermo Fisher Nunc™ 

Dishes with UpCell™ Surface (21.5 cm2) to ease detaching. After two days of co-culture, the cells were 

detached by a 20-minute incubation at room temperature, collected in PBS and filtrated. Macrophages were 

labelled with selected antibodies for 20 minutes at room temperature. 

Macrophage Characterisation:  

The surface marker antibodies used were Mouse Anti-Human CD14-FITC, CD86-PE and -APC, CD163-PE, 

CD209-APC, CD204-PE, with respectively fluorochrome-conjugated Mouse IgG1 κ Isotype Controls (BD 

Pharmingen, San Diego, USA). Monocytes were characterized as a start point control. Characterisation was 

acquired on FACS Calibur (CellQuest Pro software; BD Bioscience) flow cytometer and data was analysed with 

WinMDI software (v2.8). We measured CD marker expression (RFU) of macrophages. Macrophages were 

distinguished from cancer cells by their CD14 positivity. 

Cancer Cell Migration Study: 

Cells were cultured on 8-well coverslip dishes (Nunc, Thermo Scientific, Rochester, USA) coated with 60 μl 

Matrigel (BD Biosciences, San Jose, USA). The monocytes were first differentiated into macrophages on 

Matrigel in media containing 15% autologous serum. After five days of culture, MIA PaCa-2 and HPAF-II cells, 

which were stained with fluorescent dye (CellTracker Green CMFDA, Invitrogen, Eugene, USA), were added to 

the culture. Cells were left to settle in a standard cell incubator for 24 hours before microscopy. 

Cancer cell migration on Matrigel was assessed by recording stained cell movement with 30-minute intervals for 

24 hours under fluorescence microscope (11, 21). We analysed the data using ImagePro software (v 7.01, Media 

Cybernetics, Rockville, MD, USA). Stained cancer cells were observed with and without the presence of 

differentiated macrophages. 

Cytokine Array: 

Cytokine levels in patients’ and healthy controls’ serum were assessed by a customized, pre-coated human 

cytokine Q-PlexTM Array (Biosciences) according to the manufacturer’s instructions. The sera were diluted 1:2 

and loaded to the Q-Plex Array plate. The plate was put on a shaker for two hours at RT. The wells were 

washed, and Detection Mix was added and incubated again for two hours on the shaker. DyLight IR dye was 

added and incubated for 30 minutes on the shaker until Stabilizing solution was added, and the plate was dried 
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by centrifuging (300G, 5 minutes) and air drying for 30 minutes at RT. The array was imaged with the Odyssey 

infrared imager (Licor Biosciences, Lincoln, NE, USA) and dot blots were analyzed densitometrically with 

Odyssey software (Licor Biosciences). The detected cytokines were IFN-, IL-1α, IL-1b, IL-1ra, IL-6, IL-8, IL-

10, and IL-23, MCP, RANTES and TNF. 

 

Statistical analysis: 

For non-normally distributed data, including cytokine profiles as well as macrophage CD markers, the Mann-

Whitney test was used to compare groups. A two-way Student’s t-test was used to assess cancer cell migration in 

co-culture settings.  

Correlation coefficients were calculated using the Spearman method and the Jonckheere-Terpstra test was used 

to assess trends. In multiple comparisons, the Benjamini-Hochberg Procedure was used to adjust for false 

discoveries (false discovery rate set to 5%), and adjusted p-values were computed by the p.adjust function in R. 

A p-value less than 0.05 was considered significant and two tailed tests were used. SPSS version 24.0 (SPSS, 

Inc., Chicago, IL, USA), and R version 3.6.1 (Foundation for Statistical Computing, Vienna, Austria), and 

STATA/MP (v. 15.1, StataCorp LLC, College Station, TX, USA) were used for statistical calculations. 

 

 

 

Results: 

 

Monocyte signalling  

Signalling profiles of monocytes in patients with PC vs. healthy controls (HC)  

To assess how the systemic inflammatory state in PC patients affects the peripheral blood monocytes we looked 

at the phosphorylation levels of intracellular signalling molecules. The constitutive phosphorylation levels of 
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STAT1 (pY701), STAT2 (pY689), STAT3 (pS727 and pY705), and STAT6 (pY641) were significantly higher 

in patients than in controls (Table 1). Constitutive phosphorylation of STAT4 (pY693), STAT5 (pY694), Akt 

(pS473), and NF-kB (pS529) did not differ between patients and controls (Table 1). 

Next, we wanted to find out was how the monocytes respond to extracellular stimuli. When stimulating the 

monocytes with relevant stimuli, the fold change of STAT5 and NF-kB phosphorylation was significantly lower 

in patients than in controls (Table 1). There was no fold change difference in pSTAT1, pSTAT3, pSTAT6 or 

pAkt levels (Table 1) between patients and controls. In our experimental setting, we obtained no response to 

IFN- and so only constitutive phosphorylation levels are given for STAT2 and STAT4. 

 

Low HLA-DR expression in monocytes is associated with immune suppression. In our experiment, we found 

that HLA-DR expression was, indeed, lower in patients (mean 87%, 95% CI 82% to 90%) than in controls 

(mean 96%, 95% CI 93% to 97%, p=0.001) (Supplementary figure S1). Together these results indicate a 

continuous signalling activation causing a possible signalling exhaustion and subsequently reduced ability to 

react to external stimuli as well as suppression of monocyte immunity. Next we examined how the signalling 

protein phosphorylation of whole blood monocytes associated with other known prognostic factors in PC. 
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Table 1.  

Molecule Stimulation Patients 

Mean (95% CI) 

Controls 

Mean (95% CI) 

p 

pSTAT1 

 

Constitutive 1.06 (1.00 - 1.12) 0.96 (0.92 - 1.01) 0.031 

IL-6 1.35 (1.25 - 1.47) 1.40 (1.30 - 1.50) 0.70 

IFN-γ 3.04 (2.65 - 3.55) 3.05 (2.58 - 3.63) 0.99 

pSTAT2 Constitutive 4.36 (3.99 - 4.74) 3.67 (3.21 - 4.13) 0.031 

pSTAT3 (pS727) 

 

Constitutive 2.13 (1.92 - 2.35) 1.83 (1.65 - 2.04) 0.031 

IL-6 2.32 (2.15 - 2.52) 2.44 (2.26 - 2.67) 0.37 

pSTAT3 (pY705) 

 

Constitutive 1.86 (1.73 - 2.07) 1.47 (1.33 - 1.64) <0.001 

IL-6 5.7 (5.30 - 6.21) 5.86 (5.12 - 6.72) 0.97 

pSTAT4 Constitutive 1.66 (1.58 - 1.75) 1.56 (1.40 - 1.74) 0.20 

pSTAT5 

 

Constitutive 2.97 (2.73 - 3.28) 2.64 (2.33 - 2.94) 0.088 

GM-CSF + IL-4 5.10 (4.75 - 5.46) 5.95 (5.46 - 6.47) 0.006 

pSTAT6 

 

Constitutive 1.01 (0.96 - 1.06) 0.91 (0.86 - 0.96) 0.018 

GM-CSF + IL-4 1.35 (1.25 - 1.47) 1.40 (1.30 - 1.50) 0.19 

pNF-κB 

 

Constitutive 1.25 (1.18 - 1.32) 1.16 (1.08 - 1.23) 0.32 

TNF + LPS 2.31 (2.13 - 2.51) 2.83 (2.59 - 3.09) 0.004 

pAkt Constitutive 1.99 (1.81 - 2.18) 2.00 (1.69 - 2.32) 0.90 

TNF + LPS 2.04 (1.93 - 2.19) 2.17 (2.00 - 2.43) 0.28 

 

Fold change of signalling markers in unstimulated and stimulated (stimulation agent specified in second 

column) monocytes. 
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Serum biomarkers CA19-9 and CEA  

Carbohydrate antigen (CA)19-9 levels showed a positive correlation with constitutive STAT2 (r=0.61, p=0.002) 

and STAT5 (r=0.49, p=0.023) phosphorylation levels, and a negative correlation with IFN- -induced STAT1 

phosphorylation (r=-0.48, p=0.026) levels (Supplementary table 2). Carcinoembryogenic antigen (CEA) level 

did not correlate with the phosphorylation levels (Supplementary table 2).  

Stage of PC 

Of the total of 23 patients, the tumour stage was IV in six, III in eight, IIB in six, and IB in two patients. One 

patient could not proceed to surgery due to poor general condition, and stage could therefore not be obtained. 

Owing to the low number of patients with stage IB they were excluded from the analyses. 

While constitutive STAT1 and STAT5 phosphorylation associated with higher levels of CA19-9, no stage-

associated trend was found in the constitutive phosphorylation levels of these markers (p>0.05). However, upon 

stimulation, the fold increase of STAT1 and STAT5 phosphorylation showed a monotone decreasing trend with 

increasing stage of PC (p=0.030 and p=0.032, figure 2), portraying that a compromised capacity to react to 

stimuli was associated with worse disease stage. 

Neither fold change nor constitutive phosphorylation level associated with stage in STAT3, STAT4, STAT6, 

Akt or NF-kB (p>0.05) 

Macrophage cultures 

Surface markers: 

In addition to the phosphorylation of intracellular signalling proteins in monocytes, we wanted to assess how the 

inflammatory state in PC affects monocyte differentiation into M1 or M2 macrophages in co-culture with cancer 

cells. We chose to use autologous serum in the culture media in order not to deliberately direct the macrophages 

to any phenotype (as compared to when using GM-CSF, M-CSF etc.).  

The co-culture with cancer cells (MIA Paca-2 and HPAF-II) significantly increased the expression of CD86 

(p<0.001) (M1 marker) and CD209 (p=0.022) (M2 marker) in all culture conditions (Figure 3).  

While these markers were increased in both patient (p=0.010 and p=0.046) and HC (p=0.035 and p=0.046) 

derived macrophages (figure 4), the expression of CD86 (M1 marker) increased more in HC than patient derived 

macrophages (p=0.046) (figure 4). A significant increase of CD163 (M2 marker) was seen only in HC derived 
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macrophages (p=0.010, figure 4). The difference between patient and control was, however, not statistically 

significant (p=1.000). 

No difference was found in the initial expression of CD markers in patient derived monocytes and monocytes 

drawn from HC (supplementary table 1). 

 

Looking at the two different cancer cell lines separately, we could see a difference between the effect of MIA 

Paca-2 and HPAF-II on polarization of macrophages. In patient derived macrophages, MIA Paca-2 cells 

significantly increased the expression of CD86 (p=0.035). HPAF-II cells, in turn, significantly increased the 

expression of both CD86 (p=0.035) and CD209 (p=0.046, figure 4). 

A comparable observation was done in HC derived macrophages co-culture with MIA Paca-2 led to an increase 

only in CD86 expression (p=0.046). HPAF-II increased the expression of CD86 (p=0.035), and the increase in 

CD209 was borderline insignificant (p=0.055) (figure 4). 

 

The difference in how the cell lines increased expression of CD86 and CD209 – HPAF-II increasing the 

expression more – was significant (p=0.046 and p=0.046). When considering the patient derived condition 

separately, the difference in how MIA Paca-2 and HPAF-II affected CD209 remained (p=0.046), while the 

difference in CD86 was nonsignificant (p=0.066). In control conditions, the difference in macrophage 

polarization induced either by MiaPaca-2 or HPAF-II did not vary (p>0.05). 

When looking at the three culture conditions as a trend – i.e. macrophages cultured alone, with a cell line derived 

from a primary tumour site (MIA Paca-2) and finally with a metastatic cell line (HPAF-II), an increasing trend 

was observed in both PC patient and HC serum conditions in CD86 (p<0.001, and p=0.001, respectively) and 

CD209 (p=0.025 and p=0.015, respectively) marker expression. 

 

Migration: 

Next, we aimed to assess how the differences in polarisation affected the function of macrophages. To do this, 

we set up an experiment measuring migration. The presence of macrophages increased the migration of cancer 

cells in serum-supplemented media (p<0.001, Figure 5). However, no significant difference was found between 

patients and controls with respect to increased migration rate (p=0.259). 
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Cytokine measurements 

Finally, we looked at the serum expression of 11 different cytokines in patient and HC serum. Patient-derived 

serum was significantly richer in IL-1b (p=0.041), IL-6 (p=0.041), IL-10 (p=0.002), TNF (p=0.003) and Rantes 

(p=0.005). Patient sera seemed to be richer in IL-1ra, but the difference was only borderline significant 

(p=0.051).  There was no significant difference in IFN-, MCP-1, IL-1a, IL-8, and IL-23 concentrations in 

patient and control sera. (Table 2). 
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Table 2.  

Cytokine Patient  

Median (IQR) 

Control 

Median (IQR) 

p= 

IFN-y 1.59 (0.96) 1.22 (0.67) 0.397 

IL-1α 1.96 (14.58) 0.59 (1.92) 0.312 

IL-1b  18.65 (22.6) 8.75 (0.00) 0.041 

IL-1ra  55.33 (68.04) 34.73 (14.72) 0.051 

IL-6  3.32 (1.51) 2.21 (0.82) 0.041 

IL-8  3.28 (2.73) 3.28 (0.00) 0.659 

IL-10  12.21 (7.79) 4.57 (0.00) 0.002 

IL-23 58.45 (40.81) 47.91 (53.28) 0.750 

MCP-1  68.54 (41.22) 71.38 (19.92) 0.602 

RANTES 1868.90 (917.57) 1182.10 (580.30) 0.005 

TNF 15.41 (9.05) 6.89 (0.74) 0.003 

 

Cytokines in patient and control sera (pg/ml). Serum levels of IL-1b, IL-6, IL-10, TNF and RANTES were 

higher in patients than healthy controls. 
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Figure Legends: 

Figure 1. 

Flowchart of patient enrolment. A total of 58 patients were enrolled, while 8 patients were excluded based on 

diagnosis other than pancreatic cancer. The final 50 patients were dispersed in the 4 substudies. 

 

Figure 2.  

Box and whisker plot showing median, 25%, 75% and range of fold increase in A. STAT1 in monocytes upon 

IFN- γ stimulation B. STAT5 in monocytes upon GM-CSF+IL-4 stimulation with pancreatic cancer disease 

stages II, III and IV considered separately. A monotone decreasing trend is seen with increasing disease stage in 

both markers. 

 

Figure 3.  

Box and whisker plot showing median, 25%, 75% and range of CD markers on macrophages either cultured 

alone or together with cancer cells (MIA Paca-2 and HPAF-II pooled together).  *p<0.05, ***p<0.001. Co-

culture with cancer cells increases the macrophage expression of CD86 and CD209. 

 

Figure 4.  

Box and whisker plot showing median, 25%, 75% and range of CD markers on patient and healthy control 

derived macrophages cultured either alone or together with cancer cells (MIA PaCa-2 or HPAF-II). Co-culture 

with cancer cells increased CD86 and CD209 expression in both patient and control derived macrophages, while 

CD163 expression increased only in control derived macrophages. The expression of CD86 increased more in 

control than in patient derived macrophages when co-cultured with cancer cells. Number of comparisons was 10, 

false discovery rate correction was used. *p<0.05. 

 

Figure 5. 

Migration speed of cancer cells (MIA Paca-2 and HPAF-II) increased in presence of either patient-derived or 

control-derived macrophages. Both patient and control derived macrophages increased the migration in a similar 

manner. ***p<0.001.  
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Discussion: 

 

The results show for the first time that the systemic inflammatory nature of PC is reflected in aberrations in the 

signalling profile of circulating monocytes, concerning phosphorylated (p) STAT1, -2, -3, -5, -6 and NF- B, 

and that the stage of PC is associated with STAT5 and STAT1 signalling. Furthermore, once co-cultured with 

cancer cells, PC patient -derived monocytes differentiate into macrophages with reduced M1 macrophage marker 

CD86 expression, suggesting inferior anti-tumour characteristics when compared to HC monocytes. 

 

Our previous findings suggest that constitutively phosphorylated STAT3 in circulating leukocytes is 

characteristic of systemic inflammatory conditions such as acute pancreatitis, sepsis and early untreated 

rheumatoid arthritis (18-21). These high pSTAT3 levels may result from systemic STAT3-activating cytokines. 

Indeed, two of these cytokines, IL-6 and IL-10, were elevated in the serum of PC patients in the present study. In 

PC cells, IL-6/STAT3 signalling mediates proinvasive effects (22) and have also been shown to release 

proinflammatory metabolites that favour the accumulation of myeloid-derived suppressor cells (MDSCs). The 

functions of monocytic MDSCs are orchestrated by STAT3 activation (23). Also, tumour-derived microvesicles 

may carry bioactive cargo which induces CD44-mediated STAT3 activation in monocytes (24). 

 

As IL-4 is the main activator of STAT6 signalling, the elevated STAT6 phosphorylation in patient monocytes 

may be due to elevated plasma IL-4 levels. Such have been observed in PC patients in another study (25). IL-

4/STAT6 signalling represents the putative Th2 and suppressive immune responses in PC. Furthermore, it has 

been reported that in patients with resectable PC, simultaneous expression of low IL-4 and high TNF identified 

patients with best prognosis (26). Also, the magnitude of TNF- and lipopolysaccharide-induced NF-kB 

phosphorylation was significantly lower in patient monocytes, suggesting a weakening of proinflammatory 

capacity. 

 

The constitutive STAT1 phosphorylation in patient monocytes in the present study suggests that 

proinflammatory and Th1-oriented immune responses may also take place simultaneously with the Th2-oriented 
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ones. High plasma levels of the classical STAT1-activating cytokine IFN-γ are associated with PC (25), but in 

the present study the IFN-γ levels in patient samples were not significantly higher when compared to HC. 

However, the calcineurin B subunit, the roles of which are just emerging, has been shown to bind to integrin 

CD11b on macrophage surface and phosphorylate STAT1 synergistically with IFN-γ (27). Interestingly, CD11b 

is characteristic of monocytic MDSCs (28, 23), and its density has been reported to increase during 

differentiation of classical monocytes into metastasis-associated macrophages in a mouse model of metastatic 

breast cancer (29). Another possibility is that the pSTAT1 levels are elevated due to elevated plasma levels of 

IL-29 (IFN-lambda), particularly as this cytokine is able to cause phosphorylation of both STAT1 and STAT2, 

and constitutive phosphorylation of STAT2 was also higher in monocytes of PC patients than in those of HC in 

the present study. IL-29 is a novel cytokine known to exert anti-tumour effects, and concerning non-small cell 

lung cancer, high plasma levels of IL-29 have been associated with better overall survival (28). 

 

When studying if the stage of PC is reflected to the monocyte signalling results we found, first, that the 

magnitude of monocyte STAT1 phosphorylation in response to IFN-γ showed a monotone decreasing trend from 

patients with tumour stage II to stage IV. This probably reflects weakening of proinflammatory abilities with 

progression of the disease. IFN-γ is critical not only in the defence against infections but also in tumour 

surveillance (30-31).  IFN-γ -induced STAT1 activation mediates, for example, IL-12p70 release and 

simultaneous inhibition of IL-10 synthesis in antigen-presenting cells (32). IL-12-activated T lymphocytes 

further produce high levels of IFN-γ, which is able to modulate the genetic programs of tumour cells so that 

growth and angiogenesis are inhibited, as shown in carcinoma cell lines (33). Also, in natural killer/T cell 

lymphoma in mice, inhibition of tumour progression is likely to involve IFN-γ/STAT1 signalling (34). 

 

The magnitude of STAT5 phosphorylation in response to GM-CSF also showed a monotone decreasing trend 

from patients with tumour stage II to stage IV. Huen et al. found that GM-CSF -induced STAT5 activation in 

monocytes mediates the development of alternatively activated macrophages with a reparative phenotype 

different from the “conventional” alternatively activated M2 type favouring tumour progression (35). 

Interestingly, GM-CSF administration to monocytes of carcinoma patients has been shown to up-regulate 

phagocytosis of apoptotic tumour cells as well as antigen presentation (36).  
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CA19-9 (carbohydrate antigen) is currently the only guideline-recommended biomarker for PC; high serum 

CA19-9 levels are associated with worse outcomes (37-38).  We found that serum CA19-9 level showed a 

positive correlation with constitutive pSTAT2 and STAT5 levels and a negative correlation with IFN- -

stimulated pSTAT1 level in the patients’ monocytes. It has been observed in mice that CA19-9 expression 

results in hyperactivation of epidermal growth factor receptor (EGFR) signalling (39), and human natural killer 

cells in which STAT5 is activated via EGFR and IL-15 signalling have been reported to show increased IFN- 

production and cytotoxicity towards cancer cells (40). Apparently, CA19-9 may also contribute to some 

anticancer functions, and our results highlight the complexity of the network composed of mediators and 

signalling pathways associated with cancer. 

 

Monocytes from PC patients are inclined to favour anti-inflammatory behaviour in tissue. The co-culture of 

macrophages with cancer cells (MIA Paca-2 or HPAF-II) led to a lower expression of the proinflammatory 

marker CD86 in patient derived macrophages as compared to macrophages drawn from HC. Interestingly, it 

seems that the metastatic cell line HPAF-II was able to increase CD86 expression more than the local PC cell 

line MIA Paca-2. The expression of CD86 is a good prognostic factor, and induction of CD86, along with other 

M1 phenotype markers, in macrophages promotes anti-tumour effects (41-43). Our result may be due to an 

inherited anti-inflammatory profile of monocytes, or to mediators present in the serum. Either way, the 

experiment showed that patient monocytes are less prone to anti-tumour differentiation when in a milieu 

representing chronic inflammation. In patient tumour samples, a comparable result of reduced local M1 

signalling/increased M2 profile of tumour-infiltrating macrophages is associated with worse prognosis (43-44). 

 

It came as no surprise that serum cytokines were elevated in patient sera. Altogether, of the 11 circulating 

cytokines we compared between PC patients and HC, tumour necrosis factor (TNF) and the interleukins IL-1b, -

6 and -10 were elevated. TNF is commonly elevated in PC and associated with increased cellular growth (45). 

The proinflammatory IL-1 is a marker for necrosis or tissue damage, IL-6 is commonly elevated in chronic 

inflammatory diseases and cancer, and IL-10 is pivotal in anti-inflammatory and immunosuppressive functions 

(46).  

 

It has been known for long that an exaggerated systemic inflammatory response is followed or overlapped by an 

anti-inflammatory compensation, immune suppression. This predisposes the patient to secondary infections and 
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death (47, 21). Similarly, chronic immune responses that fail to be terminated by normal feedback mechanisms 

predispose patients to immune suppression and provides a tumour-supporting microenvironment (48). Our 

results show that the inflammation not only affects the local deregulation of immune cells, but also causes 

circulating monocytes to react aberrantly. The continuous inflammatory state may exhaust the monocytes and 

decrease their reactivity. HLA-DR expression on monocytes was slightly but statistically significantly lower in 

patients than in HC, supporting a skew towards an immunosuppressive state in the patients’ responses (49). 

 

The present study was not able to show differences in migration induction between patient- and control-derived 

macrophages. It is, however, generally accepted that macrophage polarisation affects the prognosis of PC. The 

functional mechanisms behind this were therefore outside the study scope. With a relatively small study size, we 

were nevertheless able to find intriguing differences between patient and control monocyte differentiation into 

macrophages. 

 

Our current results emphasize the need to recognise and influence the tumour-associated aberrations in local and 

systemic immune responses such as i) anti-inflammatory macrophage differentiation, ii) monocyte functions 

showing features immune suppression, and iii) imbalance of circulating cytokines. The signalling aberrations of 

circulating leukocytes may provide a non-invasive mean to screen the severity of PC. Moreover, the current 

understanding is that cancer treatment should involve retargeting local immune cells to stop the immune escape 

of cancer cells. However, to ensure that circulating immune cells take anti-tumour measures once they invade the 

tumour tissue, tumour-induced immune aberrations should be battled at systemic level. 
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Supplementary Table 1.  

  Patient (n=6) Control (n=5) 

Marker Median (RFU) Q1 (RFU) Q3 (RFU) Median (RFU) Q1 (RFU) Q3 (RFU) p= 

CD14 123.47 110.91 135.97 110.62 108.44 136.26 0.931 

CD204 64.61 46.98 73.65 63.21 48.70 63.78 0.931 

CD209 14.15 9.65 25.03 11.86 7.23 15.40 0.537 

CD163 58.11 48.26 82.79 60.43 44.11 61.53 0.792 

CD86 51.07 33.08 109.41 41.42 27.38 48.70 0.429 

 

No initial difference could be found in the expression of CD markers on monocytes from pancreatic cancer 

patients and healthy controls. 
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Supplementary Table 2.  

  CA19-9  CEA 

Molecule Stimulation r (95% CI) p  r (95% CI) p 

pSTAT1 

 

Constitutive -0.348 (-0.671 to 0.087) 0.113  -0.079 (-0.484 to 0.355) 0.728 

IL-6 0.133 (-0.306 to 0.525) 0.556  0.152 (-0.288 to 0.539) 0.500 

IFN-γ -0.475 (-0,747 to -0.067) 0.025  0.169 (-0.272 to 0.551) 0.452 

pSTAT2 Constitutive 0.612 (0.257 to 0.822) 0.002  -0.124 (-0.518 to 0.314) 0.583 

pSTAT3 (pS727) 

 

Constitutive 0.018 (-0.407 to 0.436) 0.938  0.160 (-0.280 to 0.545) 0.476 

IL-6 0.207 (-0.235 to 0.578) 0.355  -0.319 (-0.653 to 0.119) 0.148 

pSTAT3 (pY705) 

 

Constitutive 0.082 (-0.352 to 0.487) 0.717  0.161 (-0,280 to 0.546) 0.474 

IL-6 0.318 (-0.120 to 0.652) 0.150  -0.415 (-0.712 to 0.008) 0.055 

pSTAT4 Constitutive 0.215 (-0.227 to 0.584) 0.336  0.064 (-0.367 to 0.437) 0.776 

pSTAT5 

 

Constitutive 0.492 (0.077 to 0.762) 0.023  -0.152 (-0.548 to 0.299) 0.511 

GM-CSF + IL-4 0.137 (-0.314 to 0.537) 0.555  0.169 (-0.284 to 0.560) 0.464 

pSTAT6 

 

Constitutive -0.018 (-0.446 to 0.417) 0.940  -0.264 (-0.624 to 0.190) 0.248 

GM-CSF + IL-4 0.154 (-0.297 to 0.549) 0.505  -0.243 (-0.611 to 0.211) 0.289 

pNF-κB 

 

Constitutive -0.297 (-0.646 to 0.154) 0.191  0.145 (-0.305 to 0.543) 0.529 

TNF + LPS -0.135 (-0.536 to 0.315) 0.559  0.022 (-0.414 to 0.449) 0.924 

pAkt Constitutive 0.148 (-0.303 to 0.545) 0.523  0.069 (-0.350 to 0.507) 0.679 

TNF + LPS 0.092 (-0.354 to 0.503) 0.693  -0.014 (-0.443 to 0.420) 0.951 

 

CA19-9 level showed a positive correlation with constitutive STAT2 and STAT5 phosphorylation levels, and a 

negative correlation with IFN- -induced STAT2 and STAT1 phosphorylation. 
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Supplementary Figure Legends: 

Figure S6. 

Flow cytometric determination of CD14+ monocyte HLA-DR expression. Monocytes were identified among all 

leucocytes based on CD14-FITC positivity (A) and subsequently on forward/side scatter characteristics (B). A 

gate (HLA-DR+) was set to exclude the PE signal from the isotype control (C, dashed line) and used to measure 

the proportion of PE positive events on the HLA-DR-PE-stained sample (C, solid line). 

 
 















Supplementary Table 1. 

  Patient (n=6) Control (n=5) 

Marker Median (RFU) Q1 (RFU) Q3 (RFU) Median (RFU) Q1 (RFU) Q3 (RFU) p= 

CD14 123.47 110.91 135.97 110.62 108.44 136.26 0.931 

CD204 64.61 46.98 73.65 63.21 48.70 63.78 0.931 

CD209 14.15 9.65 25.03 11.86 7.23 15.40 0.537 

CD163 58.11 48.26 82.79 60.43 44.11 61.53 0.792 

CD86 51.07 33.08 109.41 41.42 27.38 48.70 0.429 



Supplementary table 2. 

  CA19-9  CEA 

Molecule Stimulation r (95% CI) p  r (95% CI) p 

pSTAT1 

 

Constitutive -0.348 (-0.671 to 0.087) 0.113  -0.079 (-0.484 to 0.355) 0.728 

IL-6 0.133 (-0.306 to 0.525) 0.556  0.152 (-0.288 to 0.539) 0.500 

IFN-γ -0.475 (-0,747 to -0.067) 0.025  0.169 (-0.272 to 0.551) 0.452 

pSTAT2 

 

Constitutive 0.612 (0.257 to 0.822) 0.002  -0.124 (-0.518 to 0.314) 0.583 

IFN-α -0.581 (-0.805 to -0.211) 0.005  -0.183 (-0.561 to 0.259) 0.415 

pSTAT3 (pS727) 

 

Constitutive 0.018 (-0.407 to 0.436) 0.938  0.160 (-0.280 to 0.545) 0.476 

IL-6 0.207 (-0.235 to 0.578) 0.355  -0.319 (-0.653 to 0.119) 0.148 

pSTAT3 (pY705) 

 

Constitutive 0.082 (-0.352 to 0.487) 0.717  0.161 (-0,280 to 0.546) 0.474 

IL-6 0.318 (-0.120 to 0.652) 0.150  -0.415 (-0.712 to 0.008) 0.055 

pSTAT4 

 

Constitutive 0.215 (-0.227 to 0.584) 0.336  0.064 (-0.367 to 0.437) 0.776 

IFN-α -0.259 (-0.614 to 0.183) 0.245  -0.314 (-0.650 to 0.124) 0.155 

pSTAT5 

 

Constitutive 0.492 (0.077 to 0.762) 0.023  -0.152 (-0.548 to 0.299) 0.511 

GM-CSF + IL-4 0.137 (-0.314 to 0.537) 0.555  0.169 (-0.284 to 0.560) 0.464 

pSTAT6 

 

Constitutive -0.018 (-0.446 to 0.417) 0.940  -0.264 (-0.624 to 0.190) 0.248 

GM-CSF + IL-4 0.154 (-0.297 to 0.549) 0.505  -0.243 (-0.611 to 0.211) 0.289 

pNF-κB 

 

Constitutive -0.297 (-0.646 to 0.154) 0.191  0.145 (-0.305 to 0.543) 0.529 

TNF + LPS -0.135 (-0.536 to 0.315) 0.559  0.022 (-0.414 to 0.449) 0.924 

pAkt Constitutive 0.148 (-0.303 to 0.545) 0.523  0.069 (-0.350 to 0.507) 0.679 

TNF + LPS 0.092 (-0.354 to 0.503) 0.693  -0.014 (-0.443 to 0.420) 0.951 

 



Table 1. 

Molecule Stimulation Patients 

Mean (95% CI) 

Controls 

Mean (95% CI) 

p 

pSTAT1 

 

Constitutive 1.06 (1.00 - 1.12) 0.96 (0.92 - 1.01) 0.031 

IL-6 1.35 (1.25 - 1.47) 1.40 (1.30 - 1.50) 0.70 

IFN-γ 3.04 (2.65 - 3.55) 3.05 (2.58 - 3.63) 0.99 

pSTAT2 

 

Constitutive 4.36 (3.99 - 4.74) 3.67 (3.21 - 4.13) 0.031 

IFN-α 1.22 (1.17 - 1.27) 1.29 (1.23 - 1.34) 0.084 

pSTAT3 (pS727) 

 

Constitutive 2.13 (1.92 - 2.35) 1.83 (1.65 - 2.04) 0.031 

IL-6 2.32 (2.15 - 2.52) 2.44 (2.26 - 2.67) 0.37 

pSTAT3 (pY705) 

 

Constitutive 1.86 (1.73 - 2.07) 1.47 (1.33 - 1.64) <0.001 

IL-6 5.7 (5.30 - 6.21) 5.86 (5.12 - 6.72) 0.97 

pSTAT4 

 

Constitutive 1.66 (1.58 - 1.75) 1.56 (1.40 - 1.74) 0.20 

IFN-α 1.04 (1.01 - 1.06) 1.04 (1.02 - 1.06) 0.71 

pSTAT5 

 

Constitutive 2.97 (2.73 - 3.28) 2.64 (2.33 - 2.94) 0.088 

GM-CSF + IL-4 5.10 (4.75 - 5.46) 5.95 (5.46 - 6.47) 0.006 

pSTAT6 

 

Constitutive 1.01 (0.96 - 1.06) 0.91 (0.86 - 0.96) 0.018 

GM-CSF + IL-4 1.35 (1.25 - 1.47) 1.40 (1.30 - 1.50) 0.19 

pNF-κB 

 

Constitutive 1.25 (1.18 - 1.32) 1.16 (1.08 - 1.23) 0.32 

TNF + LPS 2.31 (2.13 - 2.51) 2.83 (2.59 - 3.09) 0.004 

pAkt Constitutive 1.99 (1.81 - 2.18) 2.00 (1.69 - 2.32) 0.90 

TNF + LPS 2.04 (1.93 - 2.19) 2.17 (2.00 - 2.43) 0.28 



Table 2. 

Cytokine Patient  

Median (IQR) 

Control 

Median (IQR) 

p 

IFN-y 1.59 (0.96) 1.22 (0.67) 0.397 

IL-1α 1.96 (14.58) 0.59 (1.92) 0.312 

IL-1  18.65 (22.6) 8.75 (0.00) 0.041 

IL-1ra  55.33 (68.04) 34.73 (14.72) 0.051 

IL-6  3.32 (1.51) 2.21 (0.82) 0.041 

IL-8  3.28 (2.73) 3.28 (0.00) 0.659 

IL-10  12.21 (7.79) 4.57 (0.00) 0.002 

IL-23 58.45 (40.81) 47.91 (53.28) 0.750 

MCP-1  68.54 (41.22) 71.38 (19.92) 0.602 

RANTES 1868.90 (917.57) 1182.10 (580.30) 0.005 

TNF 15.41 (9.05) 6.89 (0.74) 0.003 



Supplementary Table 1. 

  Patient (n=6) Control (n=5) 

Marker Median (RFU) Q1 (RFU) Q3 (RFU) Median (RFU) Q1 (RFU) Q3 (RFU) p= 

CD14 123.47 110.91 135.97 110.62 108.44 136.26 0.931 

CD204 64.61 46.98 73.65 63.21 48.70 63.78 0.931 

CD209 14.15 9.65 25.03 11.86 7.23 15.40 0.537 

CD163 58.11 48.26 82.79 60.43 44.11 61.53 0.792 

CD86 51.07 33.08 109.41 41.42 27.38 48.70 0.429 



Supplementary table 2. 

  CA19-9  CEA 

Molecule Stimulation r (95% CI) p  r (95% CI) p 

pSTAT1 

 

Constitutive -0.348 (-0.671 to 0.087) 0.113  -0.079 (-0.484 to 0.355) 0.728 

IL-6 0.133 (-0.306 to 0.525) 0.556  0.152 (-0.288 to 0.539) 0.500 

IFN-γ -0.475 (-0,747 to -0.067) 0.025  0.169 (-0.272 to 0.551) 0.452 

pSTAT2 

 

Constitutive 0.612 (0.257 to 0.822) 0.002  -0.124 (-0.518 to 0.314) 0.583 

IFN-α -0.581 (-0.805 to -0.211) 0.005  -0.183 (-0.561 to 0.259) 0.415 

pSTAT3 (pS727) 

 

Constitutive 0.018 (-0.407 to 0.436) 0.938  0.160 (-0.280 to 0.545) 0.476 

IL-6 0.207 (-0.235 to 0.578) 0.355  -0.319 (-0.653 to 0.119) 0.148 

pSTAT3 (pY705) 

 

Constitutive 0.082 (-0.352 to 0.487) 0.717  0.161 (-0,280 to 0.546) 0.474 

IL-6 0.318 (-0.120 to 0.652) 0.150  -0.415 (-0.712 to 0.008) 0.055 

pSTAT4 

 

Constitutive 0.215 (-0.227 to 0.584) 0.336  0.064 (-0.367 to 0.437) 0.776 

IFN-α -0.259 (-0.614 to 0.183) 0.245  -0.314 (-0.650 to 0.124) 0.155 

pSTAT5 

 

Constitutive 0.492 (0.077 to 0.762) 0.023  -0.152 (-0.548 to 0.299) 0.511 

GM-CSF + IL-4 0.137 (-0.314 to 0.537) 0.555  0.169 (-0.284 to 0.560) 0.464 

pSTAT6 

 

Constitutive -0.018 (-0.446 to 0.417) 0.940  -0.264 (-0.624 to 0.190) 0.248 

GM-CSF + IL-4 0.154 (-0.297 to 0.549) 0.505  -0.243 (-0.611 to 0.211) 0.289 

pNF-κB 

 

Constitutive -0.297 (-0.646 to 0.154) 0.191  0.145 (-0.305 to 0.543) 0.529 

TNF + LPS -0.135 (-0.536 to 0.315) 0.559  0.022 (-0.414 to 0.449) 0.924 

pAkt Constitutive 0.148 (-0.303 to 0.545) 0.523  0.069 (-0.350 to 0.507) 0.679 

TNF + LPS 0.092 (-0.354 to 0.503) 0.693  -0.014 (-0.443 to 0.420) 0.951 

 


