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Supplementary Figure 1. Multiplex immunofluorescence for CD8, PD-1, PD-L1, CD31, 

SOX10 and DAPI on a melanoma case 

 
 

Supplementary Fig. 1. Multiplex immunofluorescence staining in a pre-treatment sample from a 

patient with melanoma showing staining for (A) DAPI, SOX10, CD8, (B) DAPI, SOX10, PD-1, 

(C) DAPI, SOX10, PD-L1, (D) DAPI, SOX10, CD8, CD31, and (E) DAPI, SOX10, CD8, PD-1, 

PD-L1, and CD31. SOX10 is a tumor marker, PD-1 is an exhausted T cell marker, PD-L1 is a 

marker for tumor cells and immune cells, CD8 is a cytotoxic T cell marker, and CD31 is an 

endothelial cell marker. 
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Supplementary Table 1. Prior Anticancer Therapies by Tumor Type 

Prior anticancer 

therapies 

Overall 

(n = 33) 

(%) 

CRC 

(n = 6) 

(%) 

Solid Tumora 

(n = 6) 

(%) 

Ovarian 

(n = 8) 

(%) 

RCC 

(n = 7) 

(%) 

Melanoma 

(n = 6) 

(%) 

Single agent 

systemic 

chemotherapy 

8 (24) 2 (33) 0 1 (13) 5 (71) 0 

Multiple agent 

systemic 

chemotherapy 

18 (55) 6 (100) 4 (67) 8 (100) 0 0 

Radiation therapy 11 (33) 2 (33) 5 (83) 1 (13) 2 (29) 1 (17) 

Surgery 33 (100) 6 (100) 6 (100) 8 (100) 7 (100) 6 (100) 

Anti-angiogenesis 12 (36) 6 (100) 0 1 (13) 5 (71) 0 

Targeted therapy 5 (15) 0 0 1 (13) 3 (43) 1 (17) 

Immunotherapy 

(ipilimumab 

monotherapy) 

2 (6) 0 0 1 (13) 0 1 (17) 
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Supplementary Methods39 

Peripheral Blood Mononuclear Cell isolation and staining procedure for Flow Cytometry  

Peripheral Blood Mononuclear Cells (PBMCs) were isolated from 25 ml of blood by Ficoll 

centrifugation. Aliquots of 5-10 million cells were immediately frozen with 500ul of Fetal Bovine 

Serum (FBS) containing 15% Dimethyl Sulfoxide (DMSO). The cryovials containing cells were 

placed in CoolCells (Corning) at -80C overnight, after which cryovials were transferred to liquid 

nitrogen. After a minimum of 48 hours in liquid nitrogen storage, cells were thawed in a 37C water 

bath. A single vial was resuspended in approximately 10ml of warm RPMI with 10% FBS. Cells 

were centrifuged at 1800 RPM for 5 minutes, and supernatant was aspirated. The cell pellet was 

then resuspended in 2ml of ice-cold phosphate buffered saline (PBS) containing 2.5% FBS 

(staining solution) and human anti-CD16/CD32 blocking antibodies and was incubated on ice. 

After 15 minutes, cells were aliquoted into a V-bottom 96 well plate (approx. 500,000 

cells/100ul/well) and incubated with specific antibodies at manufacturer’s recommended 

concentrations for 45 minutes in the dark. In the case of intracellular markers (e.g. FoxP3) plates 

were incubated with antibodies targeting membrane markers, fixed with 1% formaldehyde, and 

treated with a cellular permeabilizing reagent prior to the addition of the intracellular protein 

staining antibodies. Cells were spun down at 1800 RPM at 4C for 5 minutes, and washed twice 

with cold staining solution. After washing, plates were incubated on ice in the dark with 3uM 

DAPI for 10 minutes. Cells were washed once more with staining solution and then finally 

resuspended in 150ul of staining solution.  

Antibody panels for Flow Cytometry  

The following immune cell populations were detected in PBMCs using specific marker antibodies 

and flow cytometry gating strategies: Regulatory T cells (CD4+/CD25+/FoxP3+), Effector T cells 

(CD4+/CD69+), Naïve T cells (CD4+/CD69-), Memory T cells (CCR7+/CD45RO+), CD8 

Cytotoxic cells (CD8+/CD3+), Plasmocytoid Dendritic cells (CD123+/CD303+), Myeloid 

Dendritic cells (CD11c+/CD141+), Natural Killer cells (CD3- /CD56+), Natural Killer T cells 

(a/bTCR+/NKG2D+), Classic Monocytes (CD14+), and Monocytic Myeloid-Derived Suppressor 

cells (CD14+/HLADR-).  

Detection of soluble biomarkers  

Plasma samples from heparin treated blood were collected, aliquoted and stored at -80C. Via 

Cytokine/Chemokine Multiplex assays, concentration levels were assessed for up to 50 biomarkers 

including (but not limited to) the following inflammatory mediators: IL-6, IFNg, TNFa, IL-10, IP-

10, IL-1b, CXCL16, VEGF, and Ang1. The assays were performed following manufacturer 

Standard Operating Procedures for each biomarker group panel.  

Design of immunohistochemical assay 

The IHC assay for CD274, CD273 and ANGPT2 was semi-quantitative while CD279 stained 

slides was scanned by an automated scanning microscope and quantitatively analyzed by Aperio 

image analysis system (Leica Biosystems) after they were evaluated, and positive cells were 

manually counted by a pathologist.  
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Standard EnVision two-step (indirect) staining method was utilized. Four-micrometer-thick 

sections were cut, deparaffinized, rehydrated and subjected to heat mediated antigen retrieval in 

citrate buffer (pH 6) (Invitrogen) by steaming for 30 minutes. After cooling, tissue sections were 

incubated with peroxidase block (DAKO, Carpinteria, CA) for five minutes, then serum free 

protein block (DAKO) for 20 minutes. Slides were incubated at room temperature for one hour 

with a primary antibody. Antibodies were diluted in Da Vinci Green Diluent (Biocare Medical, 

Concord, CA). EnvisionTM anti-mouse HRP-labeled polymer (DAKO) was applied to the sections 

for 30 minutes, followed by visualization by using the chromogen 3, 3-diaminobenzidine (DAKO). 

All the sections were counterstained with hematoxylin, dehydrated, mounted and coverslipped. 

Positive and negative controls were included in each staining. Known positive stained Hodgkin 

lymphoma (CD274), tonsil (CD279 and ANGPT2) and melanoma (CD273) slides were used as 

external control. Stained slides were stored at room temperature.  

The IHC staining of three markers (CD274, CD273 and CD279) was performed in two different 

labs by three different technicians on whole tissue sections of Hodgkin lymphomas, melanomas, 

lung cancers and renal cell carcinomas. Three readers were involved, confirming the good 

reproducibility of the assay. Tumor were considered positive if >5% (CD274) (Topalian S, 2012) 

or 10% (CD273 and ANGPT2) of the tumor cell population demonstrated unequivocally staining, 

respectively. CD279 positivity was defined as >3% positive cells/HPF (Bachireddy P, 2013).  

All IHC stained slides were evaluated and scored by a pathologist. A subset of slides were 

reviewed by a second pathologist to ensure concordance of interpretation.  

For CD279 staining, slides were scanned by an automated scanning microscope and analyzed by 

Aperio image analysis system (Leica Biosystems). Tumor areas were marked by a pathologist to 

exclude non-neoplastic areas, such as stroma, normal epithelial and necrotic regions. The software 

was used to count the number of positive cells in each tissue. The percentage of CD279 positive 

cells was calculated. Data was compared with that of manual counting by a pathologist to exclude 

tissue artifacts that cannot be recognized by computer image software.  
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