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Genotypes were confirmed by the PCR method using extracted tail DNA.  Briefly, published 

sequences [19, 32] were used to synthesize primers for the AT2 receptor (forward 5’-

CACCAGCAGAAACATTAC-3’ and reverse 5’-AACACAGCTGTTGAATCC-3’) and the 

neomycin resistance (Neo-r) gene product (forward 5’-AGCCAACGCTATGTCCTGAT-3’ and 

reverse 5’-AGACAATCGGCTGCTCTGAT-3’). Extracted tail DNA (10-20 ng) was amplified 

(35 cycles) at 95ºC for 1 minute (denaturation), at 58ºC for 1 minute (annealing), and at 72ºC for 

1 minute (elongation) with 0.5 nmol/L of each primer, 1.25 units DNA polymerase, and 0.2 

mmol/L deoxynucleotide triphosphates in PCR buffer.  PCR products of the AT2 receptor (478 

bp) and Neo-r gene product (593 bp) were visualized by 1% agarose gel electrophoresis.  AT2 

(+) and Neo-r (-), AT2 (+) and Neo-r (+), and AT2 (-) and Neo-r (+) were assigned as wild type, 

heterozygote, and AT2-KO, respectively. All animals were maintained in a humidity- and 

temperature-controlled room on 12-hour light/dark cycles. All procedures for handling animals 

were approved by the Institutional Committee for Animal Care and Use of Kansas State 

University. 

Pancreatic cancer syngeneic model. Seven to nine week-old AT2-KO/C57BL/6J mice and 

wild-type littermates were anesthetized with isoflurane. Cells were trypsinized and washed with 

PBS. Five million cells in 200 � l PBS were subcutaneously inoculated into each flank using a 

1ml syringe with a 27G needle [16] . The tumor size was measured by caliper every three days 

and the volume was calculated using the formula (short diameter)2 �  (long diameter) �  0.5 [17] . 

At the end of the experiments, the mice were sacrificed by cervical dislocation under anesthesia. 

The tumors were dissected and weighed. For histological assessment, the specimens were fixed 

in 10% formalin, embedded in paraffin, and sectioned for histopathological analysis. 
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Immunohistochemical analysis. Tissue sections of 4µm thickness were prepared for all 

staining. Slides were dewaxed and rehydrated before staining. The heat-induced antigen 

unmasking was performed in Citra Plus Solution, pH 6.0 (BioGenex, San Ramon, CA) for 5-10 

minutes using an autoclave oven.  Sections were then incubated with 0.3 % hydrogen peroxide in 

methanol for 20 minutes to block endogenous peroxide activity.   The dilution of antibodies for 

Ki-67, von Willebrand factor� �vWF) and VEGF was 1:50, 1:100, and 1:50, respectively.  

Sections were incubated with the primary antibodies for 60 minutes at room temperature. . In 

immunostaining for Ki-67, sections were incubated with biotin-conjugated secondary antibody 

(Jackson ImmunoResearch, West Grove, PA) followed by reaction with the avidin-biotin 

peroxidase complex (ABC) reagent (Vector Laboratories, Burlingame, CA) for 30 minutes at 

room temperature.  In immunostaining for vWF, an ABC kit (Vector Laboratories) was used.  

Peroxidase activity was visualized with 3,3’-diaminobenzodine tetrahydrochloride (Sigma 

Chemical Co). Sections were lightly counterstained with Hematoxylin solution (Merck KGaA, 

Darmstadt, Germany). 

TUNEL assay. To determine cell death, apoptotic cells in paraffin sections were detected by 

TUNEL (Terminal Deoxynucleotidyltransferase-Mediated dUTP Nick End Labeling) assay 

using the Apop Taq Plus Peroxidase In Situ Apoptosis Detection Kit (Millipore Corporation, 

Billerica, MA) according to the manufacturer’s instructions. Sections were counterstained with 

Methyl green solution (Nacalai Tesque, Inc., Kyoto, Japan). 

Image analysis.  Ki-67 or TUNEL positive cell numbers and whole cell numbers (as background) in five 

randomly selected fields were counted by two independent observers. The VEGF positive cell area in five 

randomly selected fields was evaluated using NIH digital-image analyzing software, Image J 1.37v, (NIH, 

Bethesda, MD).  
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type mouse tumors (Figure 2). It was also observed that the index of apoptosis is slightly higher 

in the wild type mouse tumors than in AT2-KO mouse tumors, although there was no statistical 

difference between the two groups (Figure 3). In addition, tumor vessel density was significantly 

higher in AT2-KO mice than in wild type mice (Figure 4).  At a glance, the in vivo results show 

that growth of PAN02 cells was significantly faster in the AT2-KO environment than in the wild 

type environment, most likely due to a high degree of cell proliferation. Higher tumor vessel 

density may also be associated with faster tumor growth in the AT2-KO mice.  

Following the in vivo mouse study, in vitro studies were carried out to determine the mechanism 

by which AT2 receptor expression in stromal cells modifies the growth of pancreatic carcinoma 

cells. In the first in vitro experiment, the effect of AT2 receptor over-expression in either wild 

type or AT2-KO MSFs was evaluated in co-culture with PAN02 cells. Results clearly indicate 

that AT2 receptor over-expression significantly attenuates growth of co-cultured PAN02 cells. 

However, this attenuation was completely abolished by the addition of a low concentration of 

Ang II in the presence of the AT2 receptor-specific blocker PD123319 (Figure 5). Since the 

contribution of MSFs to cell proliferation is approximately one third of the total cell proliferation 

(MSF + PAN02), since MSF cell proliferation was not influenced by the status of AT2 receptor 

expression (Figure 5) nor by the presence of Ang II or the AT2 antagonist (data not shown), and 

since PAN02 cells do not express Ang II receptors, the growth of PAN02 cells appears to be 

indirectly regulated by the MSFs. This experiment nicely recapitulates results obtained from the 

mouse study (Figure 1). Furthermore, VEGF expression in MSFs was shown to be suppressed by 

Ang II-AT2 receptor signaling (Figure 6), implying that AT2 receptor expression-dependent 

growth attenuation may be mediated by the attenuation of VEGF production in stromal 

fibroblasts. In support of this, the VEGF positive cell numbers were higher in AT2-KO mouse 
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Figure 3
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