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SUPPLEMENTARY DATA: 

 

Methods 

Human tissue microarray study  

Clinical tissue microarray samples were either purchased from US Biomax or were obtained from the 

Department of Pathology, M.D. Anderson Cancer Center with informed consent according to the IRB 

guidelines of University Texas. The expression of IL-6 phospho-STAT3-705 and/or NF-κB/p65 was examined 

using immunofluorescent approaches. Associations between tumor type and immune phenotype were 

statistically analyzed using the χ2 test.  

 

Murine models of angiosarcoma, myeloid Ikkβ knockout and Cre reporter 

To recapitulate the traits seen in human angiosarcoma, the Ink4a/Arf genes were globally knocked out in 

FVB mice (1). These Ink4a/Arf null mice develop spontaneous angiosarcomas in multiple organs in 

approximately three months. To knockout Ikkβ in myeloid cells in Ink4a/Arf null mice, the Ink4a/Arf null 

mice  were bred with Ikkβf/f mice (2) and the  Ink4a/Arf-/- :: Ikkβf/f mice were crossed with LysMCre mice (3) 

to obtain additional knockout of myeloid Ikkβ mice. These Ink4a/Arf-/- mice with Ikkβ null myeloid cells are 

designated here as “IkkβΔ/Δ mice”. Ink4a/Arf-/-/LysMCre mice without the Ikkβf/f alleles were used as Ikkwt 

controls.  

     To generate LysMCre reporter mice, the Ikkwt mice were interbred with mT/mG mice (4) to obtain 

additional mT/mG gene. In its non-recombined cells, mT/mG causes red fluorescence in all cells. Following 

LysMCre-mediated recombination, cells convert from red- to green-fluorescence. FACS analysis of the 

green cells in the LysMCre/mT/mG mice revealed the percentages of GFP expressing cells of each type of 

leukocyte. (Figure S1). Genotyping of tail DNA was performed by PCR using RedExtract-N-Amp Tissue 

PCR kit (Sigma) per manufacture’s protocol. PCR Primers used for genotyping are indicated in the 

Supplemental Methods. Genotyping of mT/mG alleles was as described (4). 

 

Primers used for genotyping. The sequence of the primers for the Ink4a/Arf alleles are as follows: forward 

GTGATCCCTCTACTTTTTCTTCTGACTT; WT reverse CGGAACGCAAATATCGCAC; KO reverse 

GAGACTAGTGAGACTGTGCTACTTCCA. The wild type of Ink4a/Arf locus generates a 278 bp product and 

the knockout locus a 313 bp product. Genotyping primers for the floxed Ikkβ locus were as follows: forward 

CCTTGTCCTATAGAAGCACAAC and reverse GTCATTTCCACAGCCCTGTGA. The PCR products for wild 

type Ikkβ  were 220 bp and the knockout 310 bp. The primer pairs for LysMCre were: forward 
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AAGAAGAAGAGGAAGGTGTCC and reverse TGCCAGATTACGTATATCCTG. The PCR product was 500 

bp. 

 

Primers  and procedures for qRT-PCR analysis. β-actin, sense-ACTATTGGCAACGAGCGGTTC and 

antisense-AAGGAAGGCTGGAAAAGAGCC; arginase I, sense-TGGCAGAGGTCCAGAAGAATG and 

antisense-CAGCAGGTAGCTGAAGGTCTCT; gp130, sense TGCAAGATGTCAGCACCAAGG and 

antisense-TAGTAATGCTGCAGACACGCC; Jak2, sense-GACCAGACTCCACTGGCTGTC and antisense-

TGTGTAGAAGGCAGACTGCAG.  PCR cycling conditions were: 3 min at 95 °C followed by 40 cycles of 10 s 

at 95 °C and 30 s at 58 °C. Fold changes were calculated using the formula 2−(ΔΔCt), where ΔΔCt = ΔCt(knockout 

mice − ΔCt(wild type mice). The Ct is the cycle at which the threshold line is crossed. 

 

Human tissue microarray study. The expression of IL-6 (Abcam #6672) phospho-STAT3-705 (#9145 Cell 

Signaling Technology, Danvers, MA) and/or NF-κB/p65 (#S1546 Epitomics, Burlingame, CA) was examined 

using immunofluorescent approaches.  Primary antibodies were visualized by subsequent co-staining with 

alexa-488 conjugated antibody CD31 was performed for indicating the tissue type and nuclei location. The 

intensity of protein expression was evaluated and scored blind by pathologists at MD Anderson. For 

RelA/p65 and IL-6 fluorescent intensity was scored as 1 to 3 with 1 being very low (equivalent to background 

staining levels), 2 moderate, and 3 strong. Nuclear and cytoplasmic staining patterns were noted. For 

pSTAT3 fluorescent intensity was scored as (1) weak cytoplasmic, (2) strong cytoplasmic or (3) strong 

nuclear staining. 

 

FACS analysis of leukocytes. The following antibodies from BD Biosciences were used for FACS analysis: 

CD11b-FITC (1.2µg/ml), Ly6G (0.2µg/ml), Gr-1-APC-Cy7 (0.6µg/ml), CD45-APC (0.02µg/ml), CD137-FITC 

(1.2µg/ml), PD-1-PE (0.1µg/ml), B220-AlexaFlour700 (0.05µg/ml), CD4-Pacific blue (0.05µg/ml), CD8a-APC 

(0.03µg/ml), CD90.2-PE (0.001µg/ml), CD11c-FITC (0.05µg/ml), F4/80-PerCp-Cy5.5 (0.1µg/ml), and 

CD90.2-APC-eFlour780 (0.01µg/ml, eBioscience), CD28-PE (0.001µg/ml, eBioscience), CD11c-

AlexFlour700 (0.05µg/ml, BioLegend), NK1.1-AlexFlour647 (0.001µg/ml, BioLegend). The antibodies used 

for the leukocyte subtypes were as follows:  Gr1 for neutrophils, F4/80 for macrophages, B220 for B cells, 

CD4 for CD4 T cells, CD8a for CD8 T cells, CD11c for DC cells and NK1.1 for NK cells.  Intracellular staining 

was accomplished with the following BD antibodies: IL-4-AlexaFlour488 (1.0µg/ml), IL-12(p40/p70)-PE 

(0.2µg/ml) and IFNγ-PE-Cy7 (0.2µg/ml). Incubations with antibodies were performed for 45 min at 4°C in the 

dark. 

       For staining of cell surface molecules, murine Fc receptors were blocked using rat anti–mouse 

CD16/CD32 Fc Block (BD Biosciences). Cells were washed and re-suspended in Dulbecco’s PBS 
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supplemented with 2% normal rat serum (eBioscience) and stained with fluorochrome-conjugated 

antibodies from BD Biosciences that were titrated to an optimal concentration. For staining of intracellular 

antigens, cells were pre-treated with Fixation/Permeabilization solution (eBioscience), washed and stained 

with titrated antibodies from BD Biosciences.   

 

Apoptosis and Cell Death Assays 

The percentage of early stage apoptotic cells was evaluated using the Total cytotoxicity Kit 

(Immunochemistry Technologies, LLC) according to the manufacturer’s directions. Briefly, living cells were 

stained by incubation with a cell-permeable and non-cytotoxic red fluorescent sulforhodamine-linked 

fluorochrome inhibitor of caspases (SR-FLICA) at 37C° for 45 min. Subsequently, apoptotic or necrotic 

cells were stained with 7-Amino-Actinomycin D (7-AAD) at room temperature for 10 min, followed by flow 

cytometry analysis per manufacture’s protocol. The early apoptotic cells are defined as those that are SR-

FLICA™ positive, but 7-AAD negative.  

 

Cytokines probed in the Ray Biotech G series 2 Array Kit 

6Ckine, CTACK, Eotaxin, GCSF, Granulocye-Macrophage Colony Stimulating Factor (GM-CSF), IL-2, IL-3, 

IL-4, IL-5, IL-6, IL-9, IL-10, IL-12p40p70, IL-12 P70, IL-13, IL-17, IFN-γ, KC, Leptin, MCP-1, MCP-5, MIP-1 

alpha, MIP-2, MIP-3 beta, RANTES, SCF, sTNF RI, TARC, TIMP-1, TNF-alpha, Thrombopoietin, and VEGF. 

 

Chemotaxis assay in a modified Boyden chamber 

Chemotaxis assays were performed based on the protocol described previously (5). Briefly, a 3 μm pore 

polycarbonate filters (Neuro Probe, Inc. Gaithersburg, MD) were pretreated with 20% serum in Hank’s 

balanced salt solution (HBSS) at 37°C for 1 h. The conditioned media were collected from 3-day cultures of 

Ikkβ knockdown angiosarcoma cells or vector control cells. The media were further diluted with serum-free 

medium (DMEM/F-12) as indicated and loaded into the bottom wells.  The modified Boyden chamber was 

assembled based on the manufacturer’s instruction and 4 x 105 cells were loaded into each of the upper 

wells. Cells that migrated through the filter into the bottom chamber were lysed and a substrate NAG (Sigma 

N-9376) for N-acetyl-glucosaminidase was provided in the lysis buffer. The optical density (OD405) was 

measured in a 96-well plate reader at a wavelength 405 nm. The number of cells in bottom wells was back-

calculated based on the standard curve setup in the same experiment. The percentage of cells migrated was 

calculated as the number of cells in the bottom wells over the total number of cells loaded in each well. 

 

NF- κB promoter reporter construct and luciferase activity assay 
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Three copies of the gene specific NF-κB promoter sequence from the JAK2 or gp130 promoters (Figure S3A 

and B, respectively) were cloned into the vector backbone of pNF-κB-Luc (Clontech) between Nhe I and 

Hind III sites to replace the original multiple copies of NFκB consensus sequence. The Gaussian luciferase 

reporter gene was cloned into the Hind III/Xba I sites to replace the firefly luciferase gene in the pNF-kB-Luc 

(Clontech) vector. The NF-κB-responsive Gaussian luciferase construct was transiently transfected into 

angiosarcoma cells expressing or not expressing the IKKβshRNA Twenty-four hours after transfection, cells 

were transferred into serum-free medium and incubated at 37°C for additional 24h. Gaussian luciferase 

activity was determined in a 10-µl aliquot of the culture medium using the Gaussian Luciferase Assay Kit 

(Targeting System) from a 10 second constant light emission by the moonlight TM 3010 luminometer (BD 

Biosciences Pharmingen,). The CMV promoter-β-galactosidase vector was co-transfected for calibrating the 

promoter-κB luciferase reporter gene. 

 

Legends:  

Figure S1. A, IL-6 protects from cell death. 5×104 angiosarcoma cells cultured in serum-free medium were 

treated with increasing concentrations of anti-IL-6 antibody or control isotype IgG for 3 days. Cells were 

stained with the cell death marker 7-AAD. The percentage of dead cells was significantly increased with 

increasing IL-6 antibody concentrations (p<0.01) compared to IgG controls. B, FVB mice were 

subcutaneously implanted with 2×106 angiosarcoma cells. When tumor reached 180 mm3, mice were treated 

with IgG as an isotype control group or IL-6 antibody at 500 µg bi-daily for 6 days.  Anti-IL-6 treatment 

suppressed tumor growth by 52% in comparison to IgG mock group (812±153 mm3 vs. 424±74 mm3, 

p<0.01, n=6). C, Neutralization of IL-6 inhibited xenograft establishment in vivo. Mice (n=5) were 

subcutaneously inoculated with angiosarcoma cells (1×107 cells/mouse) and injected peritoneally with an 

isotype IgG or IL-6 antibody (500 µg/kg, twice a week) for 3 weeks. Growth rate of IL-6 antibody treated 

xenographs was inhibited compared with IgG isotype controls, *p<0.01. D, the representative mice were 

photographed. E, In vivo IL-6 was effectively neutralized. IL-6 levels in mouse serum were determined by 

ELISA after 3 weeks of antibody treatment.  Data are expressed as mean±SEM. F, Anti-IL-6 led to decrease 

of NF-κB activity, 1×105 angiosarcoma cells engineered with NF-kB-GLuc reporter gene were cultured in 

serum-free medium and treated with 1µg/ml IL-6 antibody or control IgG for three days. Gaussian luciferase 

secreted in the medium was determined to reflect the NF-kB activity of the cells. The luciferase activity in the 

IL-6 antibody treated cells was 158029±91428, in contrast to IgG control cells with 1315694±140447, was 

8.3 fold reduction (n=6, p<0.01).    
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Figure S2. A, IL-6 secreted by angiosarcoma is biologically active in vivo. Spleenocytes were stimulated with 

serum from tumor-free or spontaneous angiosarcoma mice for 20min and immunoblotted for phosphor-

Stat3(Tyr705), and total Stat3 was used as a loading control. B, Neutralization of IL-6 reduced Stat3 

phosphorylation. The serum samples were collected from angiosarcoma xenografted mice treated with IL-6 

antibody (500 µg/mouse, daily) or the same amount of IgG as isotype control for two days. The spleenocytes 

were cultured in the DMEM medium with addition of 20% serum for 20 min. The levels of Stat3 

phosphorylation were determined using Western blot.  C, Anti-IL-6 reduced tumor cell proliferation. Mice 

were xenografted with angiosarcoma cells and treated with IL-6 antibody or IgG as described in Figure 3C 

legend. The tumor tissues were fixed and immunohistochemically stained with Ki67 antibody. Data shown 

are representative images. D, subsequent, FACS analysis of infiltrating immune cells in the tumors. Mice 

were xenografted and treated as described above figure legend. The infiltrating cells in the tumor tissues 

were sorted and analyzed using flow cytometry for neutrophils (N), macrophages (M), B cells (B), CD4 and 

CD8 T cells. Neutralization of IL-6 statistically impacted the tumor infiltrating immune cells by decrease of 

macrophage population (p=0.044), increase of B cells (p=0.012) and CD4 T cells (p=0.028) in comparison 

with IgG isotype control group (n=6, t-test). E, FACS analysis of infiltrating immune cells in the tumors upon 

treatment with Stat3 inhibitor. Angiosarcoma xenografts were implanted into mice and treated as described in 

Fig. S5D legend. The infiltrating cells in the tumor tissues were isolated and analyzed using the same 

approach as above. There were no statistical differences for the infiltrating cell populations between 

treatment and vehicle control group (p>0.05, n=6, t-test). T, treatment group with S310201; C, control 

animals treated with water.   

 

Figure S3. Chemotaxis of mouse bone marrow cells in response to the conditioned media from the cultures 

of angiosarcoma cells with Ikkβ  knockdown or from cultures of cells expressing the non-silencing shRNA 

(Ikkβ wild type). A, a mixture of bone marrow leukocytes were isolated from wild-type FVB mice with a 

discontinuous Percoll gradient. The conditioned media were collected from 3-day cultures of angiosarcoma 

cells expressing shRNA-Ikkβ or non-silencing shRNA control and further diluted as indicated. ELISA assay 

determined that secreted IL-6 is undetectable in the medium of shRNA-Ikkβ cells and 1267 pg/ml in the 

medium of shRNA control cells.  Chemotaxis assays were performed in a modified Boyden chamber with a 

3-mm pore polycarbonate filter. Each treatment was set in triplicate and the error bar represents SEM. B, 

Chemotaxis assays were performed with the same approach above to examine the chemotactic response to 

purified murine recombinant IL-6  over a concentration range from 0 to 250 ng/ml. C, LysMCre targets Ikkβ 

specifically in the tumor infiltrating myeloid cells. The mT/mG mice were generated by crossing with 

(LysMCre::Ink4a/Arf-/-) mice to be used as a LysMCre reporter strain. The percentage of GFP expressed in 

the specific type of cells (Gr1+, F4/80+, B220+, CD4+, CD8+, CD11c+ and NK1.1+) indicated the specificity 



 6

of LysM promoter and efficiency of Cre-mediated deletion. Data are expressed as mean±SEM, n=4. Neu, 

neutrophil; Mac, macrophage; B, B cell; CD4, CD4 T cell; CD8, CD8 T cell; DC, dendritic cell; NK, natural 

killer. 

 

Figure S4. Deletion of Ikkβ in myeloid cells impairs myeloid migration in response to tumor in vivo. A, 

cytokine profile of intra-tumoral neutrophils. CD11b+Gr1+ cells were sorted from angiosarcomas (n=3) of 

Ikkβwt or IkkβΔ/Δ  mice and intracellular IL-4, IL-12 and IFNγ were stained with fluorochrome-conjugated 

antibodies and analyzed by flow cytometry. B, cytokine profile of intra-tumoral macrophages. Using a 

procedure like that described in Figure 7A, the intracellular cytokines of the CD11b+F4/80+ cells in the 

angiosarcomas (n=3) of Ikkβwt or IkkβΔ/Δ  mice were examined. **p<0.01 indicates a statistically significant 

difference in the cytokines produced by intra-tumoral leukocytes in Ikkβ Ko vs. Wt angiosarcomas by Chi-

test.  C, quantitation of arginase I mRNA by qPCR.  Neutrophils (CD11b+Gr1+) and macrophages 

(CD11b+F4/80+) were isolated from angiosarcomas of Ikkβwt or IkkβΔ/Δ mice. Cellular mRNA level of arginase 

I was determined by RT-qPCR. Wt, Ikkβwt mice; Ko, IkkβΔ/Δ mice; Neu, neutrophils; Mac, macrophages. p 

values for Ko vs. Wt were determined by the two-sample  t-test. cytokine profile of intra-tumoral neutrophils. 

CD11b+Gr1+ cells were sorted from angiosarcomas (n=3) of Ikkβwt or IkkβΔ/Δ  mice and intracellular IL-4, IL-

12 and IFNγ were stained with fluorochrome-conjugated antibodies and analyzed by flow cytometry. B, 

cytokine profile of intra-tumoral macrophages. Using a procedure like that described in Figure 7A, the 

intracellular cytokines of the CD11b+F4/80+ cells in the angiosarcomas (n=3) of Ikkβwt or IkkβΔ/Δ  mice were 

examined. **p<0.01 indicates a statistically significant difference in the cytokines produced by intra-tumoral 

leukocytes in IKKβ Ko vs. Wt angiosarcomas by Chi-test.  C, quantitation of arginase I mRNA by qPCR.  

Neutrophils (CD11b+Gr1+) and macrophages (CD11b+F4/80+) were isolated from angiosarcomas of Ikkβwt 

or IkkβΔ/Δ mice. The cellular mRNA level of arginase I was determined by RT-qPCR. Wt, Ikkβwt mice; Ko, 

IkkβΔ/Δ mice; Neu, neutrophils; Mac, macrophages. p values for Ko vs. Wt were determined by the two-

sample   t-test. 

 

Figure S5. A, Ikk signaling affects Stat3 in immune cells. Inflammatory cells were generated by 

intraperitoneal injection of the chemical inflammatory agent, 4% thioglycolate 3ml. Two days after injection, 

the infiltrated immune cells in the peritoneal cavity were collected and cultured in DMEM medium containing 

10% FBS. The IKK inhibitor BMS-345541 (10µM) or vehicle control (DMSO) were added for overnight 

incubation. The phospho Stat3 levels were  determined by immunoblot and the total Stat3 protein was also 

probed as a loading control. B, Knockdown of Stat3 in angiosarcoma cells negatively regulated IL-6 

production. Angiosarcoma cells were stably infected with lentiviral shRNA Stat3 or lentviral shRNA empty 
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vector as a control. 1×105 cells were cultured in a 6-well plate in serum-free medium for 24h. The expression 

of Stat3 protein was knocked down in the cells as determined by Western blot. C, Simultaneously, the IL-6 

secretion in the medium was 40.8±9.4 pg/ml from Stat3 silenced cells vs 73.8±6.1 pg/ml in control cells. The 

Stat3 knockdown leads to a 45% reduction of IL-6 (p=0.0022 by t-test, n=4). D, Systemic inhibition of Stat3 

exhibited antitumor activity. Angiosarcoma cells (2×106) were subcutaneously injected into FVB mice null for 

the Ink4a/Arf gene (6 mice/group). When tumors reached 220 mm3, mice were injected intraperitoneally with 

the Stat3 inhibitor S31-201 at 10mg/kg daily for 5 days. Systemic targeting of Stat3 showed significant anti-

tumor activity with 71% inhibition of tumor growth: vehicle control mice, tumor volume (981±163 mm3); S31-

201 treated group, tumor volume 280±67 mm3 (p<0.01 n=6) 

 

Figure S6. NF-κB binding site in the gp130 and Jak2 promoters. A, NF-κB NF-κB consensus sequence 

in the gp130 promoter. B, NF-κB NF-κB consensus sequences in the Jak2 promoter.  

 

Figure S7.  Tumor induced myeloid cell chemoattraction assay in vivo. FVB mice were intraperitoneally 

injected with angiosarcoma cells (1×107). The peritoneal cells were collected 18h after injection, stained, and 

subjected to FACS analysis to identify the neutrophils (CD45+CD11b+Ly6G+) and macrophages 

(CD45+CD11b+Ly6G-). Infiltrating cell populations of neutrophils (pink) and macrophages (blue) increased in 

response to tumor cells in a time-dependent manner.  B, FACS quantitation of neutrophils and macrophages 

from Ikkβwt or LysMCre-IkkβΔ/Δ  mice migrated into the periotoneum 18h after injection of  angiosarcoma cells 

(1×107). C, Tumor cell Ikkβ knock down did not affect migration of myeloid cells toward the tumor. FVB mice 

(n=4) were intraperitoneally injected with 1×107 angiosarcoma cells stably expressing shRNA-Ikkβ or vector 

control shRNA alone, or injected with PBS vehicle as indicated. Eighteen hours after injection, all peritoneal 

cells were treated and analyzed. Dead tumor cells induced myeloid cell migration more than live tumor cells. 

FVB mice (n=7) were intraperitoneally injected with 1×107 live or dead angiosarcoma cells or with PBS 

vehicle (n=2) as indicated. Peritoneal cells were treated and analyzed after 18h. * indicates statistical 

significance at p<0.01 between infiltrating leukocytes in response to dead vs living tumor cells. Neu, 

neutrophils; Mac, macrophages; X-axis indicates intraperitoneally injected cell types or vehicle; Y-axis 

expresses the number of infiltrating neutrophils or macrophages into the peritoneum. 

 

Table S1. Myeloid IKKβ impacts angiosarcoma incidence and latency. To examine the impact of 

myeloid Ikkβ on angiosarcoma development in the Ink4a/Arf null mice, the tumor incidence in 63 IkkβΔ/Δ 

(Ikkβf/f::LysMCre::Ink4a/Arf-/-) mice and 73 Ikkβwt (LysMCre::Ink4a/Arf-/-) mice was observed over a four-

month period.  There was a significant increase in the cumulative incidence of angiosarcoma (48%) in IkkβΔ/Δ 



 8

mice when compared with that in the control Ikkβwt animals (32%,p=0.003 Table S1). Nine (12%) of 73 and 8 

(13%) of 63 mice died in the control and treated groups, respectively.  

The latency time to occurrence of angiosarcoma was significantly shorter 33% (95% CI =21.2% to 44.7%) 

at 100 days (p=0.022) for treated mice as compared to control mice 16% (95% CI=7.4% to 24.6%).  At 120 

days, the cumulative incidence was 30% (17.5% to 42.5%) for control mice and 48% (37.4% to 58.6%) for 

treated mice.The difference in death without angiosarcoma as a competing risk was small (p=0.99) (Table 

S1). Thus, myeloid Ikkβ positively contributes to anti-tumor immunity in this mouse tumor model.  

 

Table S2. Alignment of κB sequence from murine gp130, JAK2 and IL-6 promoters. The NF-κB 

consensus sequence is shown as the putative sequence that binds to the p65/p50 heterodimer.  R, purine; Y, 

pyrimidine.  The transcriptional activity of the indicated potential NF-κB binding sites in gp130 or JAK2 was 

determined by transfecting angiosarcoma cells with a DNA construct encoding three copies of the potential 

κB binding sequence-linked to the Gaussian luciferase reporter sequence. Co-transfection of CMV promoter 

driven β-galactosidase-firefly luciferase was used to monitor transfection efficiency.  The transcriptional index 

was the ratio of NF-κB Gaussian luciferase activity in cells expressing wild type IKKβ compared to cells 

depleted of IKKβ by shRNA knock-down.   
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