Proliferation assay

Cells were stimulated with the mitogen phytohemagglutinin (PHA, Sigma Aldrich, St. Louis, MO) at a dose of 12.5 µg/ml and Ang II (Sigma Aldrich) at concentrations of 10-6, 10-9, and 10-13 M at were incubated at 37° C and 5% CO2.  Cells were washed with RPMI at 16h following the initial culture, and PHA and Ang II were then re-added; 1 (Ci of 3H-thymidine (Perkin-Elmer, Wellesley, MA) was added to each well during the last 8 hours of the 72 hour culture, and plates were read on a 1205 liquid scintillation beta counter (Wallac, Perkin-Elmer). In some experiments cells were stimulated with plate-bound human anti-CD3 (Pharmingen, San Diego, CA) in the presence or absence of Ang II at the above indicated concentrations. Angiotensin I and angiotensinogen (Sigma Aldrich) were also added to extracted T cells as above at a concentration of 10-6 M.  In some experiments natural killer (NK) cells were depleted from T cells with anti-CD56 coated magnetic beads (Miltenyi Biotec, Auburn, CA). Additionally, 10-5 mol/L losartan (gift of Merck pharmaceuticals, Whitehouse, NJ) and PD123,319 (Sigma Aldrich), antagonists to the AT1 and AT2 receptors, respectively, were added to cell aliquots for 1 hour before stimulation with Ang II and PHA as above. Finally, cells were first labeled with CFSE, subjected to the same culture conditions as above, and stained with anti-human CD3, CD4, CD8, and CD56 (Pharmingen) to determine which cell subsets proliferate in response to Ang II. Proliferation analysis was performed using FlowJo software (Version 6.3.2, Treestar, Ashland, OR), accurately setting generation gates according to CFSE MFI, and calculating the percentage of dividing cells (the number of original parent cells calculated from each generation was divided by the sum of divided and undivided parent cells.)

Cytotoxicity assay

The effect of Ang II on NK cell function was tested using a cytotoxicity assay. Briefly, PBMC were isolated from two donors, and NK cells were extracted with magnetic beads by negative selection (Miltenyi Biotec). Isolated cells were incubated with or without 10-6 mol/L Ang II for 3 days in RPMI+10% FCS and at 37° C and 5% CO2. Low passage number K562 erythroleukemia target cells (ATCC) were cultured as recommended and stained with PKH26 (Sigma) per the manufacturer’s protocol. After washing, 2x105 labeled K562 targets were incubated with cultured NK effector cells at NK to target cell ratios of 1:1, 5:1, and 10:1 for 7 hours at 37°C in culture media.  Target killing was then assessed by treating with propidium iodide and performing FACS analysis by identifying the percentage of cells stained with PKH26 that also were positive for propidium iodide.

Culture supernatant analysis

The Beadlyte Human Multi-Cytokine Beadmaster Kit (Upstate, Lake Placid, NY) was used according to the manufacturer’s protocol to determine cytokine levels of cells cultured in the presence of PHA and in the absence or presence of angiotensin II for 6, 18, 24, 48, and 72 hours.  Briefly, supernatant samples are incubated overnight at room temperature with beads conjugated to IL-4, IFN(, MCP-1, and RANTES.  Matched biotinylated reporters are added and incubated for 1.5 hours, and streptavidin phycoerythrin solution is incubated with samples for 30 minutes.  Following addition of stop solution, sample cytokine levels are calculated from a standard curve using a Luminex100 reader from Luminex Corporation. Data were analyzed as absolute cytokine concentration in PHA and Ang II-treated samples, and were additionally analyzed by dividing IFN-( production by IL-4 production for each donor at each timepoint in both PHA and Ang II-treated samples.

Real-time PCR

Total RNA from T cells (CD3+), NK cells (CD56+), monocytes (CD14+) isolated by magnetic bead separation (Miltenyi Biotec) and total RNA from cultured immature and mature DC (iDC and mDC) was extracted using Trizol reagent (Invitrogen) according to the manufacturer's protocol. Reverse transcription and QPCR were performed as previously described. Human umbilical vein endothelial cells (HUVEC) were kindly provided by Dr. David Briscoe (Children’s Hospital, Boston, MA) to be used as a positive control for RAS expression.
Primer sequences

Renin

Sense: 5’AGAGAATGCCCTCAATCCGA3’

Anti-sense: 5’CCATGTCCACACCTCGTTCC3’

Renin receptor

Sense: 5’TATACCAGGAGAGCGGATCCC3’

Anti-sense: 5’GAGAAGCCCATGGACAATGC3’

Angiotensinogen

Sense: 5’CCTTCCACCTCGTCATCCA3’

Anti-sense: 5’CCTTTGCCAGCTGCTCACA3’

ACE

Sense: 5’GTGGAGGAATATGACCGGACAT3’

Anti-sense: 5’CTCGGCATACTCGTTCCACA3’

AT4

Sense: 5’AATAGAAGCTCAGGCCTTCGG3’

Anti-sense: 5’TGGGCTCTGCCTGTAACCAG3’

GAPDH

Sense: 5’GGGTGTCGCTGTTGAAGTCA3’

Anti-sense: 5’TGGGCTACACTGAGCACCAG3’

Western blot

Cells of each fraction isolated by magnetic beads conjugated to CD3, CD14, and CD56 (Miltenyi Biotec) were lysed with RIPA buffer (Upstate) containing proteinase inhibitor. Equal amounts of cell lysates were separated on 12% polyacrylamide gels, and the proteins were transferred onto nitrocellulose membranes (Amersham Biosciences, Piscataway, NJ). The membranes were blocked with 5% nonfat dry milk in PBS for 30 minutes and incubated overnight at 4(C with antibody to either rabbit polyclonal anti-AT1 (1:200, N-10; Santa Cruz Biotechnology, Santa Cruz, CA), or rabbit polyclonal anti-AT2 (1:200, H-143; Santa Cruz Biotechnology). After three washings with TBST (Tris-buffered saline containing 0.1% Tween20), the membranes were incubated with peroxidase-conjugated goat anti-rabbit IgG (1:5000; Amersham Pharmacia Biotech, Piscataway, NJ) for 1 hour. Finally the blots were developed by the enhanced chemiluminescence (ECL) method. Membranes were then stripped of antibodies using RestoreTM Western Blot Stripping Buffer (Pierce, Rockford, IL) for 30 min at 37(C.  Membranes were reprobed with -actin using the specific primary (mouse IgG 1:2000) and secondary (1:5000) antibodies.
Flow cytometric analysis 

Tested AT1 and AT2 surface receptor antibodies were, as follows: polyclonal rabbit anti-human AT1 (N-10) and polyclonal rabbit anti-human AT2 (H-143) (Santa Cruz Biotechnology), and monoclonal mouse anti-human (TONI-1) AT1 (Abcam Inc., Cambridge, MA). These antibodies showed similar expression compared to their isotype controls. However, anti-human angiotensin II type 1 receptor (AT1) and polyclonal rabbit anti-human angiotensin II type 2 receptor (AT2) (US Biological, Swampscott, MA) showed specific expression as compared to their respective isotype controls--rabbit anti-mouse IgG( (US Biological) and normal rabbit serum (Santa Cruz Biotechnology). Cells were also stained with monoclonal anti-human ACE/CD143 or mouse IgG1 isotype control (both from R&D Systems, Minneapolis, MN) and then with FITC rat anti-mouse IgG1 (Pharmingen) to determine ACE expression. Anti-human monoclonal antibodies to CD3, CD4, CD8, CD11c, CD14, CD19, and CD56 (Pharmingen) were used to subtype angiotensin receptor-positive cells by double-staining with the angiotensin receptor antibodies, gating on cells positive for subset antibodies, and determining the receptor expression as compared to isotype control. To determine DC maturation status, cultured CD11c+ cells were stained with anti-human monoclonals to HLA-DR, CCR7, CD80, CD83, and CD86 (Pharmingen). Cells were also tested for expression following permeabilization with Cytofix/Cytoperm (BD Biosciences). Analysis was conducted using FlowJo software.

Calcium flux

Fluorescence and calcium flux were measured in freshly-isolated PBMC as previously described. Additionally, 10-7 mol/L losartan (gift of Merck pharmaceuticals, Whitehouse, NJ) and PD123,319 (Sigma Aldrich), antagonists to the AT1 and AT2 receptors, respectively, were added to cell aliquots for 1 hour before testing. These antagonists were also added to cells before testing their migration to ATP to confirm that antagonists were indeed specific for their receptors.

Chemotaxis to Ang II
DC were cultured as previously described (1) with the following modifications: monocytes were cultured in T25 flasks, and 100 ng/ml of TNF( (R&D Systems) was used to mature DC. Mature DC were assessed for their chemotactic responses to Ang II.  To exclude chemokinesis, Ang II was added in both the lower and upper chambers and compared with wells with buffer only or Ang II in the lower chamber. T cells were isolated by nylon wool separation as above.  Corning Costar transwell plates with 5 µm-pore inserts were used to assess T cell migration, and plates with 8 µm-pore inserts were used for DC.  Chemotaxis was performed as previously described (2). For NK chemotaxis, PBMC were isolated, after which a negative selection magnetic bead procedure (Miltenyi Biotec) was used to isolate NK cells (>90% CD56+). Several hundred purified NK cells were aligned in each chamber of an EZ-Taxis device (Effector Cell Institute, Tokyo, Japan), and videomicroscopy of chemotaxing cells and a count of cells migrating across the chamber in real-time was performed using the supplied software.

Statistical analysis

A student’s t-test was performed to determine statistical significance (p<0.05) using Prism software (Version 4.0a, GraphPad Software, Inc, San Diego, CA).
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