
Supplementary Materials & Methods 

 

Mice and tumor lines. All experiments were performed using protocols approved by the 

University of Pennsylvania Laboratory Animal Resources (ULAR) policies and standard 

operating procedures. Six to 8 week-old female C57BL/6J (The Jackson Laboratory) 

mice were used. A mouse ovarian epithelial papillary serous adenocarcinoma cell line 

(ID8) was obtained from Dr. K. F. Roby, University of Kansas Medical Center (28). The 

ID8 line was maintained in RPMI 1640 (Sigma-Aldrich, St. Louis, MO) supplemented 

with 10% FCS, 2 mM L-glutamine, penicillin/streptomycin (Sigma-Aldrich), 50 mM 2-

beta-mercaptoethanol, 1 mM sodium pyruvate (Life Technologies- BRL, Rockville, MD), 

and 1 mM HEPES (Life Technologies- BRL, Rockville, MD). 

 

pMG-Lyt2 vectors expressing either murine GM-CSF or Flt3-ligand were kindly provided 

by Dr. J. P. Allison, MD Anderson Cancer Center, Houston Texas, USA. Development of 

ID-8 cells expressing murine GM-CSF (ID8-GVAX) or Flt3-ligand (ID8-FVAX) was based 

on methods described previously (29). Briefly, murine GM-CSF or Flt3-ligand cDNAs 

were cloned into the pMG-Lyt2 retroviral vector. Recombinant virus production and 

infection were performed as described (29). 

 

Blocking antibodies and peptides. Rat anti-mouse PD-1 (29F.1A12, at IgG2a, k), PD-

L1 (10F.9G2, rat IgG2b, k), PD-L2 (3.2, mouse IgG1), and isotype control antibodies 

were used (12). The rat antimouse 4-1BB antibody was used that was kindly provided by 

Dr. Robert Mittler, Emory Vaccine Center, Emory University, Atlanta. ID-8 tumor antigen 

peptides, FR-α H2-D (aa161–169, SSGHNECPV), mesothelin Kb (aa351–358, 

LSIFKHKL) and Db (aa612–619, LIWIPALL) peptides were synthesized by New England 

Peptides (Gardner, MA) (4-7). 

 

Tumor experiments and in vivo blockade. C57BL6 mice (n=12) were given an 

intraperitoneal (i.p) injection containing 5 × 106 ID8 cells in a total volume of 0.5 mL of 

DMEM (without supplements). For blockade of the PD-1 pathway, 200 μg of rat α-mouse 

PD-1, α-mouse PD-L1, α-mouse PD-L2, or isotype control antibodies were administered 

i.p. 4 weeks after tumor inoculation 5 times on alternate days. For blockade of CTLA-4, 

100 μg of α-CTLA-4 (clone 9D9) antibody was given i.p. at the same time. For co-

stimulation 200 μg of α4-1BB antibody (BioXcell) was given once along with first the 



aforementioned dose of blocking antibodies. In vaccination experiments, 106 irradiated 

(150Gy) gene-modified ID8-GVAX or ID8-FVAX cells were given by i.p. once, 1 week 

after tumor inoculation. In some experiments, Toll-like receptor 9 ligand CpG 1668 (5 

μg/mouse) was given i.p. along with blocking antibodies. Mice were monitored by their 

weight gain twice a week. Mice weighing >35 gm as a result of tumor growth and/or 

ascites fluid accumulation were euthanized.  

 

Isolation of TILs. Two weeks after the final treatment, mice were euthanized, and 

lymphocytes were isolated from tumor, ascites, spleen, lymph nodes. liver, lung, and 

blood. Tumor leukocytes were isolated by dissociating tumor tissue in the presence of 

2.5 mg/ml collagenase type IV (Worthington) for 20 min before centrifugation on a 

discontinuous percoll gradient (GE Healthcare). Tumor leukocyte suspensions were 

mixed with αCD8 microbeads (Miltenyi Biotec) and separated into CD8+ T cells by 

positive selection on a MACS column. CD8+ T cell populations were confirmed to contain 

>95% CD8+ T cells. In some experiments, these CD8+ T cells were purified on a 

FACSAria (BD Biosciences) sorter after staining with anti-CD8 antibody (purity >95%). 

The total number of infiltrating CD8+ T cells/gram of tumor was obtained by multiplying 

the percentage of CD8+ T cells by the total number of lymphocytes obtained from percoll 

gradient and dividing that number by 100 and by the weight of the tumors. 

 

CD11b+Gr-1+ or CD11b+F4/80+ T cells were sorted on a FACSAria (BD 

Biosciences) after staining with anti-CD11b, anti-Gr-1, or anti-F4/80 antibodies (purity 

>95%). CD4+CD25+ T cells were purified using a Treg isolation kit (Miltenyi Biotec) 

(purity > 90%). In some experiments, the CD4+CD25+ T cells were purified on a 

FACSAria (BD Biosciences) after staining with anti-CD4 and anti-CD25 antibodies 

(purity >95%). 

 

Flow cytometry and intracellular cytokine staining. The antibodies to CD8 (53-6.7), 

CD4 (RMP4-5), CD25 (PC61), CD62L (MEL-14), Ki67 (B56), Ly-6C (AL-21), phospho-T-

bet (O4-46), IFN-γ (XMG 1.2), TNF-α (MP6-XT22), and IL-2 (JES6-5H4), mouse IL-17A 

Flex Set (Bead C5) and mouse inflammation kit (IL-6, IL-10, MCP-1, IFN-γ, TNF-α, and 

IL-12p70) were purchased from BD Biosciences. Staining antibodies to αCD127 

(A7R34), and αPD-1 (RMP 1–30), CD11B (M1/70), F4/80 (BM8), Ly-6G (RB6-8C5), 

CD11c (N418), phospho-Eomes (Dan11mag), and Foxp3 staining kit were obtained from 



eBioscience. Phospho-S6 kinase antibody (D57.2.2E), phospho-Akt (Ser473) (D9E) and 

phospho-mTOR (7C10) were obtained from Cell Signaling Technology. αCD44 antibody 

(IM7) was obtained from Biolegend. αCTLA-4 (1B8) and KLRG-1 (2F1) staining 

antibodies (Southern Biotech) were also used. Arginase I (H-52) antibody (Santa Cruz) 

was used.  

 

For intracellular staining, T cells from tumor, spleen and lymph nodes were 

stimulated with FR-α or mesothelin peptides for 5 h in the presence of brefeldin-A. After 

fixation and permeabilzation using eBioscience buffer kit, the cells were stained with 

anti-IFN-γ, TNF-α, and IL-2 antibodies. Cells were analyzed on a LSR II flow cytometer 

(BD Immunocytometry Systems). For Ki67 staining, TILs were harvested and cultured in 

vitro in the presence of 1 μg/ml of anti-CD3 for 48 h. Cells were then stained with 

antibodies against CD8, PD-1, and CTLA4 before permeabilization and staining with 

antibody against Ki-67 (Biolegend). Dead cells were removed by gating on Live/Dead 

Aqua (Invitrogen) and data were analyzed with FlowJo v.8.8 (TreeStar).  

 

Cytokine bead array analysis. Leukocytes from tumor, spleen, and lymph nodes from 

mice treated with αPD-1, αPD-L1, αCTLA-4, or isotype-control antibodies were cultured 

directly ex vivo for 48 h. Then the supernatants were collected and cytokines (IFN-γ, 

TNF-α, IL-6, IL-10, and IL-12p70) were measured using inflammation kit (BD 

Biosciences) by cytokine bead array analysis. 

 

Phospho-signaling using flow cytometry. Phosphoflow staining was done as 

described (30-31). Lymphocytes were isolated from CT26 tumor and stained with 

phospho-antibodies. Following surface staining with lineage markers, purified CD8+ T 

cells were fixed with 2% paraformaldehyde for 10 min at 37°C. After fixation, cells were 

permeabilized on pre-chilled plates by slowly adding ice-cold methanol to a final 

concentration of 90%. Cells were then incubated on ice for 30 min and washed with 1% 

FCS/PBS buffer. Cells were blocked with 10% FCS/PBS for 10 min at room temperature 

and subsequently immunostained with the appropriate phospho-antibodies for 1 h at 

room temperature. After incubation, cells were washed four times with standard FACS 

buffer (1 X PBS/5% FCS/0.02% NaN3), resuspended in PBS, and analyzed on a flow 

cytometer. 

 



Arginase activity assay. Arginase activity was measured as described (32). Briefly, 100 

μl of cell lysate was mixed with 100 μl of 10 mM MnCl2 and the enzyme was activated 

by heating for 10 min at 56°C. L-arginine hydrolysis was conducted by incubating 25 μl 

of the lysate with 25 μl of 0.5 M L-arginine, pH 9.7, at 37°C for 60 min. The reaction was 

stopped with 400 μl H2SO4 (96%)/H3PO4 (85%)/H2O (1/3/7 V/V/V). The urea 

concentration was measured at 540 nm after the addition of 40 μl of α-

isonitrosopropiophenone in 100% ethanol followed by heating at 95°C for 30 min. A 

calibration curve was prepared with increasing amounts of urea between 1.5 and 30 μg. 

Data (derived from three replica wells) were given as milliunits of arginase/106 cells, 

where 1U of arginase-I was defined as the amount of enzyme that catalyzes the 

formation of 1 μg of Urea/min. To determine the effect of inhibitory receptors on the 

arginase-I activity we used tumor supernatant (25% v/v) conditioned medium or 10 ng/ml 

mouse recombinant IL-13 (mrIL-13, eBioscience) as positive controls.  

 

In vitro proliferation and suppression assays 

Lymphocytes were isolated from tissues including spleen, liver, lung, LN, and blood. To 

measure the ability of antigen presentation by DCs, 5 × 105 Thy1.1+ CD8+ T cells labeled 

with carboxyfluorescein succinimidyl ester (CFSE) were cultured with 2.5 × 104 DCs. 

Proliferation was determined by flow cytometry after 3 d in culture. Tregs or MDSC were 

isolated from tumor, ascites or spleens of naive or tumor-bearing mice by column 

selection to more than 90% purity. CD8+ T cells were isolated by selection and labeled 

with 1 μM CFSE. CD11c+, CD11b+ or CD11b+Gr-1+ subsets, derived from the ID-8 

tumor-bearing animals, were titrated to a ratio of APCs to effector cells. Serial dilutions 

of CD11c+, CD11b+ or CD11b+Gr-1+ cells ranged from 1:1, 1:2, and 1:4. Proliferation of 

effector CD8 T cells was measured by CFSE dilution. A total of 5 × 104 CFSE-labeled 

CD8+ T responder cells were stimulated with 1.5 × 105 APCs in RPMI-c and 1 μg/mL 

purified anti-CD3. Where specified, tumor antigens (FR-α or mesothelin) were added. 

Where indicated, 1 × 105 PD-1 pretreated Tregs and/or PD-L1-pretreated APC (CD11c+, 

CD11b+ or CD11b+Gr-1+ subsets) or control rat IgG were added to the culture. Four to 

five days later, cells were harvested and proliferation was determined by CFSE dilution. 

Cell supernatant was harvested and IFN-γ levels were determined by cytokine bead 

array or ELISA. Suppression of cell proliferation was also determined by pulsing with 



0.5μCi/well [3H]-Thymidine during the last 10-12 h of a 3 day culture. 3[H]-Thymidine 

incorporation was assessed via scintillation counter. 

 

Supplementary Figures 

 

Supplementary Figure 1. Gating strategy & representative stains of MDSC and 

Treg cells.  Representative dot plot examples of MDSCs and Treg cells from tumor of 

the ID8 mice 5 weeks following tumor inoculation. 

 

Supplementary Figure 2. Expression of PD-L1 and PD-1 in ID8 mice. Six to 8 weeks-

old B6 mice were inoculated i.p. with 5 x 106 ID-8 tumor cells. Mice from each group 

were sacrificed 8 weeks following tumor inoculation. (a) Representative dot plot 

examples of PD-L1 expressing tumor cells, macrophages, DCs and MDSCs. (b) PD-1 

expression on CD8+ T cells from tumor and ascites. 

 

Supplementary Figure 3. Expression of PD-L1 and PD-1 by TIL Tregs. Six to 8 

weeks-old B6 mice were inoculated i.p. with 5 x 106 ID8 tumor cells. Mice challenged 

with 5 x 106 ID8 tumor cells and treated from day-30 onwards on alternate days 5 times 

i.p. with αPD-1 (200ug), αPD-L1 (200ug), or αPD-L2 (200ug) blocking antibodies either 

alone or in combination as indicated. One week following completion of treatment mice 

were sacrificed, TILs were stained for lymphocyte lineage and activation markers using 

the FoxP3 fixation kit. Expression levels of PD-L1 and PD-1 measured as mean 

fluorescence intensity (MFI) in Tregs are shown. Values shown are for individually 

analyzed mice from a representative experiment. 

 

Supplementary Figure 4. PD-1 or PD-L1 blockade increases immune activation of 

TILs in ID8 tumor. Phenotypic and functional changes of TILs following PD-1 versus 

PD-L1 versus PD-L1 blockade in the therapeutic model. One week following completion 

of treatment with PD-1 pathway blocking antibodies mice were sacrificed. The TILs were 

harvested and stained with various surface and intracellular markers, and 

phosphorylated form of transcription factors. Some representative examples of Ki67+ 

CD8+ TIL, MDSCs, and pAkt following blockade treatments are shown. 

 



Supplementary Figure 5. Synergistic effect of PD-1 or PD-L1 blockade with 

vaccination and co-stimulation (TLR 9 ligand) on ovarian ID8 tumor rejection. 

Tumor inoculation, PD-L1 blockade and vaccination were performed as described. In 

addition, 5 doses of CpG ODN 1668, 5ug/mouse i.p. was administered along with αPD-

L1 . Mouse weight of ≥ 35 gms  was defined as lack of survival. Each curve represents 

at least 3 independent experiments using 12 mice per group (n=12). Tumor surface was 

measured in two dimensions using a caliper. Significance difference p≤0.05 by ANOVA. 

 

Supplementary Figure 6. Upregulation of suppressive population of MDSCs and 

pDCs following GVAX and FVAX vaccination, respectively. Mice was challenged 

with 5x106 ID8 tumor cells (n=12). About 5-6 weeks after tumor inoculation, the mice 

were given i.p with 2 x 106 irradiated (150Gy) GVAX (a) or FVAX (b) once. 24 hours 

later, the mice were sacrificed and the TILs were harvested and stained for MDSCs 

(CD11b+, Gr-1+) and pDCs (CD11c+, CD11b-/lo, B220+, Gr-1+) by flowcytometry. 

Results are SEM of 3 experiments. 

 

Supplementary Figure 7. FVAX in combination with αPD-L1 and α4-1BB treatment 

promotes lymphocyte infiltration into the tumor. The TILs were harvested a week 

following completion of treatment as described in Supplementary Fig. 1, and stained with 

various surface and intracellular markers, and phosphorylated form of transcription 

factors. Percentages of CD8+ and CD4+ TIL (CD45+) infiltration of total leucocytes are 

shown in treated versus untreated groups. The ratio of CD8+ T cells to Tregs 

(CD4+CD25+Foxp3+) and MDSC (CD11b+Gr-1+) are also shown. Mean intensity of pT-

bet, pEomes, and pS6 expression by CD8+ TILs is shown. Results from one of the 3 

representative experiments are shown. Bar graphs represent mean ± SEM. *P ≤ 0.05; 

**P ≤ 0.01; ***P < 0.001. 

 

Supplementary Figure 8. Combination therapy increases ovarian tumor antigen 

(mesothelin) specific inflammatory cytokine production by ID8 TILs. ID-8 tumor cell 

inoculated mice were treated as shown and sacrificed a week after completion of 

treatment. T cells were purified by flowcytometry from 5-10 pooled tumor draining lymph 

nodes (mediastinal). 2 × 105 CD8+ T cells from mediastinal lymph nodes were 

restimulated with 1 × 105 DCs pulsed with mesothelin peptide for 36-48 hours. Cytokine 

(IFN-γ) production from culture supernatant was measured following in vitro stimulation 



and culture using cytokine bead array (CBA) kit. Results are SEM of 3 experiments.  


