
Supplementary Methods 

Analysis of peripheral blood monocyte prevalence and survival with multivariate 

analysis.   All patients (n=483) with PC undergoing pancreaticoduodenectomy at Barnes-

Jewish Medical Center between 1997 to 2011 were followed for survival in a prospectively 

maintained database under an Internal Review Board (IRB) approved protocol. We excluded 

patients with elevated pre-operative leukocyte counts (>11,000 cells/dl; n=50), patients who did 

not have pre-operative complete blood counts (CBC) obtained at our institution (n=49), and 

patients who died within 30 days of surgery (n=7). Patients were stratified into 3 groups based 

on the percent of blood leukocytes which were monocytes (monocyte prevalence) on pre-

operative CBC:  low (<6%), normal (≥6 to <11%), and high (≥11%) monocyte groups. Cutoffs for 

low, mid, and high groups were established such that all patients in the mid group fell within 1 

standard deviation (SD) of the mean; thus, patients in the low and high monocyte groups were 

greater than 1 SD below and above the mean, respectively. χ2 tests were used to compare the 

distribution of patient demographics and tumor characteristics by monocyte group. Due to an 

extensive geographic referral basis, post-operative adjuvant therapy was not accurately 

included in this database and was therefore not examined in the analysis. Cox proportional 

hazards regression models were used to generate hazard ratios and 95% confidence intervals. 

Characteristics that were found to be associated with overall survival in a χ2 analysis with a p ≤ 

0.10 were included in multivariate models. Kaplan-Meier survival curves were generated, and 

log-rank tests were used to compare differences in overall survival between groups. Differences 

in mean and median survival times were calculated and compared by monocyte group. 

Analyses were performed using SAS, version 9.2, and p<0.05 was considered statistically 

significant. 

 

Isolation of blood, bone marrow, and tumor from pancreatic cancer patients.  Informed 

consent was obtained on all patients in accordance with institutional Human Studies Committee 



Protocol. Peripheral blood and bone marrow (from iliac crest) was obtained from healthy 

volunteers and PC patients prior to chemotherapy, radiation, or surgery. Peripheral blood and 

bone marrow aspirates were collected in vacuum tubes containing Lithium heparin (BD 

Vacutainer).Cells were isolated by Ficoll-density centrifugation (Ficol/Lite LymphoH, Atlanta 

Biologicals) and used directly for in vitro assays or stored in freezing medium (FBS with 10% 

DMSO) at -80°C until use. Human pancreatic adenocarcinomas were obtained from patients 

(mean age = 67 years old) immediately following removal and washed in cold 1640 RPMI 

(Gibco). Portions of tumors were snap frozen in liquid nitrogen or minced into 2–3 mm size 

pieces, mechanically dissociated using the Miltenyi Gentle-MACS tissue dissociator, and 

digested in enzyme buffer containing 1 mg/ml collagenase, 2.5 U/ml hyaluronidase and 0.1 

mg/ml DNase for 30 min. Cell suspensions were then separated from tissue debris by filtration 

with 40µm filter (Fisherbrand). Normal pancreas tissue was obtained from individuals 

undergoing organ donation (mean age = 64 years old) and snap frozen in liquid nitrogen or 

paraffin embedded. 

 

Mice, cell lines, and murine pancreatic cancer model. C57/B6 and CCR2-/- mice were 

purchased from Jackson Laboratories.  The murine pancreatic adenocarcinoma cell line KCKO, 

a metastatic tumor line, was the kind gift of Dr.Pinku Mukherjee 16. Six to 8 week old mice were 

injected in the tail of the pancreas with 1x105 KCKO cells suspended in 50ul of PBS and 

matrigel mixed 1:1.  Control mice were injected with PBS and matrigel only.  After mice were 

sacrificed at indicated times, the bone marrow was extracted from the femurs via high speed 

centrifugation and blood collected in heparinized capillary tubes via retroorbital sinus 

phlebotomy.  Blood and bone marrow cells were washed once with sterile PBS and subjected to 

RBC lysis (Biolegend) per manufacturer’s protocol. Orthotopic tumor burden was measured by 

the gross wet weight of the pancreas.  Metastatic and disseminated tumors were scored by 

gross evaluation, which was validated by tissue pathology. Livers and tumors were removed, 



minced into 2–3 mm size pieces, mechanically dissociated using the Miltenyi Gentle-MACS 

tissue dissociator, and digested in enzyme buffer containing 1 mg/ml collagenase, 2.5 U/ml 

hyaluronidase and 0.1 mg/ml DNase for 30 min at 37°C. Cell suspensions were separated from 

tissue debris by filtration using a 40um filter (Fisherbrand). Pieces of tumor and liver were snap 

frozen in liquid nitrogen for ribonucleic acid (RNA) isolation and sections of liver were 

immediately embedded in base molds (Ted Pella) containing Tissue-Tek OCT medium (Sakura) 

and frozen over liquid nitrogen.  To induce subcutaneous tumors, mice were injected with 2x105 

KCKO cells in 100ul of PBS and tumor volume was calculated as previously described 17.  A 

minimum of 10 mice were used in each treatment or control cohort, and each experiment was 

repeated in triplicate.  All experiments were carried out in accordance with guidelines prescribed 

by the Animal Studies Committee at Washington University. 

 

Chemotherapy and CCR2 inhibitor. PF-04136309 (Pfizer) is a CCR2 kinase antagonist 

(CCR2i) and the details have been published previously [18. Mice were injected subcutaneously 

with 100 mg/kg of PF-04136309 twice-daily beginning 2 days after tumor implantation. Mice 

were also injected intravenously with 50 mg/kg of Gemcitabine (Hospira) into the retro-orbital 

sinus every 4 days. When indicated GEM and PF-04136309 were given in combination without 

altering dose or schedule of either agent separately. 

 

Flow cytometry.  Human and mouse single-cell suspensions were blocked with TruStain FcX™ 

or anti-CD16/32 antibody respectively (Biolegend) and stained with fluorescent antibodies using 

standard protocols for flow cytometry. Cells undergoing intracellular staining were permeabilized 

with eBioscience Permeabilization Buffer according to the manufacturer’s protocol.  Antibodies 

used for human staining included CD45 (AF700; Biolegend, HI30), CD11b (AF488 & Pacific 

Blue; Biolegend, ICRF44), CD115 (PE; Biolegend, 9-4D21E4), CD16 (APC; Biolegend, 3G8), 

CX3CR1 (PE & AF488; Biolegend, 2A9-1), CD14 (APC/Cy7; Biolegend, M5E2), CCR2 



(PerCP/Cy5.5& AF647; Biolegend, TG5/CCR2), CD15 (Pacific Blue; Biolegend, W6D3), CD68 

(APC; Biolegend, CD68), HLA-DR (PE/Cy7; BIolegend, L243), CD4 (PerCP/Cy5.5; eBioscience, 

RPA-T4), CD8 (Pacific Blue; Biolegend, SK1), FoxP3 (AF488; Foxp3, 259D). Antibodies used 

for mouse staining included CD45 (APC/Cy7; Biolegend, 30-F11), CD11b (APC; Biolegend, 

M1/70), Ly6C (PE/Cy7; Biolegend HK1.4), CCR2 (PE; R&D Systems FAB5538P), Gr1 (AF700; 

Biolegend, RB6-865), Ly6G(Pacific Blue; Biolegend, 1A8), F4/80 (PerCpCy5.5; Biolegend, 

BM8), I-A / I-E(AF488; Biolegend, M5/114.15.2),CD4 (AF700; Biolegend, GK1.5), CD8a (PE; 

Biolegend, 53-6.7), CD25 (PE/Cy7; Biolegend, PC61), FoxP3 (APV; Biolegend, FJK-16s).  

 

RNA Isolation and Real Time Polymerase Chain Reaction. Snap frozen tissue from mouse 

and human was homogenized in TRIzol Reagent and total RNA was isolated according to the 

manufacturer’s instructions (Life Technologies). RNA samples were treated with DNase 

(Promega) and the RNA was extracted with the RNeasy Mini Kit using the manufacturer’s 

protocol for RNA Cleanup (Qiagen).  RNA was reverse transcribed into cDNA using the High 

Capacity RNA-to-cDNA kit (Life Technologies) and reactions for real-time PCR were prepared 

by mixing cDNA with TaqMan FAST Universal PCR Master Mix and pre-designed TaqMan 

Gene Expression Assays (Life Technologies). Real-time PCR was performed on a 7500 Fast 

Thermal Cycler (Applied Biosystems). Target gene expression was normalized to GAPDH, 

HPRT1, or β-actin. The quantifications were performed by the Applied Biosystems 7500 fast 

Real-Time PCR system. The normalized expression levels of genes were analyzed using the 

7500 software for 7500 RT PCR system V2.0.6. Relative quantitation of RNA expression was 

determined from the real-time data by using the Comparative CT (ΔΔCT) method. CCL2 gene 

expression was normalized to GAPDH and relative RNA expression was determined using the 

2-ΔΔCT method. 

 



T Cell Proliferation Assays. CD14+ cells were isolated from PBMCs and single cell tumor 

suspensions of the same patient with the EasySep® Human CD14 Positive Selection Kit 

according to the manufacturer’s instructions (Stemcell Technologies™). Cells were >90% 

CD14+ as confirmed by flow cytometry.  CD14 depleted PBMCs were labelled with 10µm CFSE 

(Life Technologies) and 100,000 CFSE labeled cells were co-cultured in 96-well round bottom 

plates (Corning) coated with 1µg/ml LEAF™ purified anti-human CD3 (Biolegend, clone OKT3) 

and varying concentrations of autologous CD14+ cells as indicated in complete media [RPMI 

containing 2mM Glutamine, 100U/ml Penicillin, 100µg/ml Streptomycin, 1mM Sodium Pyruvate, 

(Life Technologies); and 10% Fetal Bovine Calf Serum (Hyclone)] supplemented with 100U/ml 

of human Interleukin 2 (National Institute of Health). Cell cultures were harvested after 

incubating for 72 hours at 37°C and the CFSE dilution of the CD4+ and CD8+ T-cell fractions 

were analyzed by flow cytometry. 

 

Immunofluorescence. Formalin-fixed paraffin-embedded tissue blocks of archived human 

pancreatic ductal adenocarcinoma were cut at 5µm using a Leica RM2235 microtome. Tissue 

sections were floated onto SuperFrost Plus slides (Fisher Scientific) in a 42°C water bath and 

dried overnight.  Normal pancreas tissue previously cut and mounted on glass slides was 

purchased from Imgenex. Tissue sections were heated for 30 minutes at 65°C and 

deparaffinized in three changes of xylene. The sections were rehydrated in changes of ethanol 

(100%, 95%, 70%, 50%) and deionized water. Heat-induced antigen retrieval (HIER) was 

performed in a decloaking chamber (Biocare Medical) by incubating sections for 4 minutes at 

125°C then 20 minutes at 95°C in citrate buffer (10mM Sodium Citrate, 0.05% Tween 20, pH6).  

After cooling for 20 minutes at room temperature, sections were washed in running deionized 

water and rinsed three times in PBS. Mouse tissue embedded in OCT was cut at 10µm on a 

Leica Cryostat (Leica Biosystems) and mounted on SuperFrost Plus slides. Sections were fixed 

in ice cold acetone for 10 minutes at -20°C and dried at room temperature. Human and mouse 



tissue sections were blocked for 30 minutes at room temperature in Serum-Free Protein Block 

(DAKO) and stained with primary antibodies diluted in Antibody Diluent (DAKO) overnight at 

4°C.  The tissue sections were washed in three changes of PBS and stained for 30 minutes at 

room temperature with appropriate secondary antibodies diluted in Antibody Diluent. After 

washing in three changes of PBS, the tissue sections were incubated in 1µM TO-PRO-3 Iodide 

(Life Technologies) in PBS for 15 minutes at room temperature in order to visualize cellular 

nuclei. Sections were washed in three changes of PBS before excess PBS was blotted off and 

sections coverslipped with Vectashield Hard Mounting Media (Vector Labs).   Confocal images 

were acquired on an Axiovert 100M microscope equipped with a LSM 510 META Confocal 

Laser Scanning Microscope system (Zeiss). The following primary antibodies and dilutions were 

used:  mouse anti-human keratin 7, clone OV-TL 12/30 (Thermo Fisher Scientific, Inc., 1:50); 

polyclonal rabbit anti-human CCL2 (Sigma, 1:100); rabbit anti-mouse & human CCR2, clone 

E68 (Abcam, 1:100); mouse anti-human CD14, clone 7 (Thermo Fisher Scientific, Inc., 1:100); 

and rat anti-mouse Ly6C, clone HK1.4 (Abcam, 1:100). Primary antibody staining was 

visualized with Alexafluor 488 Goat anti-mouse IgG, Alexafluor 555 goat anti-rabbit IgG, and 

Alexafluor 488 goat anti-rat IgG secondary antibodies (Life Technologies). 

 

Immunohistochemistry.  Formalin-fixed paraffin-embedded tissue sections of human 

pancreatic ductal adenocarcinoma and normal pancreas were processed for HIER as described 

above. Endogenous peroxidase activity was blocked by incubating tissue sections in 3% 

Hydrogen Peroxide in PBS for 10 minutes at room temperature. Sections were washed in three 

changes of PBS and blocked for 30 minutes in Serum-Free Protein Block. Excess block was 

removed and the sections were incubated overnight at 4°C in anti-CCL2 primary antibody.  

Sections were washed in three changes of PBS and incubated for 30 minutes in biotinylated 

goat anti-rabbit IgG (Vector Labs) diluted 1:200 in Antibody Diluent. CCL2 expression was 

visualized using the standard VECTASTAIN Elite ABC Kit (Vector Laboratories) for peroxidase 



and DAB+ Substrate Chromagen System (DAKO). Images were acquired at 100X magnification 

on an Olympus BX51 microscope equipped with a SPOT RT Slider digital camera and software 

(Diagnostic Instrument, Inc.). 

 

Pancreatic cancer tissue microarray (TMA) survival analysis.  After obtaining IRB approval, 

TMA studies were conducted on a cohort of 60 previously untreated PC patients who underwent 

pancreaticoduodenectomy at Barnes-Jewish Hospital. Patients did not receive neo-adjuvant 

therapy and were typically treated with adjuvant chemotherapy. To construct the TMA, well 

defined areas of tumor were demarcated and punched (1mm diameter) from paraffin-embedded 

tumor blocks. An Aperio Scan-Scope XT Slide Scanner (Aperio Technologies) system was used 

to acquire digital images using a 20x objective. A tumor-specific nuclear algorithm (IHC-MARK) 

developed in-house was modified to quantify CCL2 and CD8 expression. 

 

Statistical analysis 

All data other than multivariate analysis was analyzed using Graph Pad Prism version 5.01 

(GraphPad Software Inc., La Jolla, CA). Kaplan Meier survival statistics was used to analyze 

patient survival and differences were calculated using log-rank (Mantel-Cox) test and log-rank 

test for trend when comparing 3 successive groups. Calculating differences in numerical values 

was performed using Mann-Whitney test for non-parametric data and un-paired student’s t-test 

for parametric data. Fisher’s exact test was used to compare categorical data. P<0.05 defined 

statistically significant differences. 

 


