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SUPPLEMENTAL MATERIALS AND METHODS 

Patients and tissue samples 

Lung cancer and non-cancer controls 

Eligibility criteria included the following: i) no prior chemotherapy or radiation therapy within 2 yr, ii) no other 

malignancy, and iii) an absence of small cell carcinoma, histologically confirmed. All patients had undergone 

surgery. Median tumor size was 2.6 cm, ranged 0.5-12.0 cm, with 25%-75% percentiles were 1.65-4.3 cm. 

Clinical data reported in Supplemental Table 7. When clinical data were analyzed, we have found that males 

and females differed significantly in their smoking status (Suppl. Table 10), but no other significant differences 

in clinical variables were found. 17 patients who donated the second blood samples at 3 months post-

operatively, were representative to the main group for their age, gender, tumor stages, tumor types and other 

clinical data. For TSDR demethylation assay, we studied 8 tumors, 5 lungs, 14 LN and 4 PBMC samples. Those 

patients also did not differ from leftovers for their clinical variables, but, as FOXP3 is located at X 

chromosome, all TSDR FOXP3 evaluated patients were males.   

Lung transplant, pre-transplant 

As expression of T cell maturation markers (1-5), CD8+ T cells numbers(5), Treg-associated markers and Treg 

numbers (5-9) alter with age and may be affected in smokers and in COPD (10, 11), we used lung disease 

patients as an additional reference group. Those patients were listed for lung transplant (LT). Most of them had 

COPD (Figure S43), and they were gender- and age-matched to LC group. Importantly, co-morbidity profiles of 

LC and LT patients were shown to have the best match with each other to serve as reference groups (12-14). To 

compare blood Treg suppressive function with lung cancer and healthy donors, we evaluated 57 LT patients, 

mean age 57.3±1.5 years old, 59.6% males, and those patients were younger than LC group, so for flow 

cytometry studies presented in Figures 1 A-D and Supplemental Figure 2A and B, we picked up the older 

subgroup, 64.0 ± 2.0 yr old, 62.5% males. For TSDR FOXP3 demethylation assay, we collected an additional 

group of the 6 youngest male LT patients, aged 30-44, mean ± SEM 38.5 ± 2.4 yr (Figure 3E).  

Liver transplant 

We evaluated TSDR FOXP3 demethylation in 8 patients (53.3 ± 2.9 years old, 75% males) who received liver 

allografts. Post-transplant, patients had a standard triple therapy of calcineurin inhibitor (Prograf ,2-5 mg BID at 

3 months post-Tx), corticosteroids (in 50% of patients at 3 months post-Tx, 5-10 mg QD) and an antimetabolite 

(Azathioprine, in 5 patients at 3 months post-Tx, 100 mg QD). We collected 50 mL of blood pre-Tx, plus in the 

first 1-2 weeks post-Tx, at 3 months and 1 year post-Tx. Adult liver allograft studies were approved by the 

Institutional Review Board of the Hospital of the University of Pennsylvania (#810878). 

Cell culture and cell preparation reagents 

The enzymatic cocktail for tumor digestion consisted of serum-free Hyclone Leibovitz L-15  medium 

supplemented with 1% penicillin-streptomycin, collagenase type I and IV (170 mg/L = 45-60 U/mL), 

collagenase type II (56 mg/L = 15-20 U/mL), DNase I (25 mg/L) and elastase (25 mg/L),  all from Worthington 

Biochemical. T cell media consisted with RPMI 1640 (Invitrogen), supplemented with 10% heat-inactivated 

FBS, penicillin and streptomycin, and 2-mercaptoethanol (100 μM). 

Preparation of a single-cell suspension and lymphocytes isolation 

Surgically-removed fresh lung tumors were freed from visible necrotic areas, and sliced into 1-2 mm3 pieces by 

scissors. Distant lung tissue was at least 5 cm apart from tumors and was well preserved macroscopically. Fine-

cut tissues were placed to 50 mL tubes with enzymatic cocktail and incubated at 37°C for 45 minutes, then 

evaluated, and, if needed, vigorously pipetted to enhance disaggregation and incubated for 30-50 minutes more.  

Cells were disaggregated by pipetting, filtered through a 70 μM nylon cell strainer (BD Falcon) and 

erythrocytes lysed with RBC Lysis Buffer (Santa Cruz Biotechnology). Cells were washed twice in T cell 

media, evaluated and counted, and rested overnight in the flasks in concentration 1x106/ml. Next day, cell 

culture media was collected, filtered, aliquoted and cryopreserved to use as tumor conditioned media (TCM) 
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and normal lung conditioned media (NCM) in corresponding experiments (Figure 12A-F). Cells were washed, 

evaluated and counted, and used for Treg isolation, co-culture, qPCR or flow cytometry experiments. We 

mechanically dissected lung lymph nodes (LNs), using tissue grinder homogenizer kit (Sigma) and a 70μM 

nylon cell strainer (BD Falcon), filtered, washed, evaluated and counted cells, and then rested them overnight. 

In preliminary experiments, we tested effects of enzymatic cocktail digestion on Treg and T cells markers, and 

found that CD25 expression was significantly sheared, but recovered after an overnight incubation in T cell 

media. As CD25 is required for Treg isolation, we performed all experiments with overnight rested cells. 

Because of that, we were free of additional artifacts caused by the presence or absence of enzymatic digestions 

of some samples vs. others, and we compared tumors, distant lungs, LN and PBMC cells with fully recovered 

phenotype.  

Cryopreservation 

We used the modified, improved method of cryopreservation with CryoStor® CS5 cell cryopreservation media 

(Sigma) (15). Post-thawed viability of cryopreserved healthy donors PBMC was ≥95-97% with an absence of 

any differences in phenotype between fresh and cryopreserved cells. Expression of CD62L, known to be 

sensitive to cryopreservation with standard methods (16, 17), was used as a quality control to ensure no loss of 

CD62L+ phenotype on cryopreserved vs. previously characterized freshly isolated samples. 

Flow cytometry 

We randomly picked samples to evaluate different set of markers in 1-4 flow cytometry panels at one 

experiment, each time we also included 1-3 healthy donors PBMC (HD PBMC). When marker was run at least 

3 times for any type of samples (tumor, lungs, LN, PBMC or HD PBMC), we evaluated whether its expression 

similar in data from different experiments, and performed additional staining with more samples if they were, in 

some cases using same vs. different fluorochromes and combinations of antibodies. In many cases, we included 

aliquots of the same HD PBMC into various independent experiments to ensure low technical variabilities and, 

when needed, for troubleshooting. If expression of tested marker was low, we tried other antibodies clones, but 

in most cases we started with the same clones that were described in published reports. However, some 

antibody clones indeed affected results of flow cytometry: CXCR3, CD62, Tim3, GARP and LAP. In the 

Supplemental table 11, we listed only clones with the best performance. The additional controls included use of 

fresh vs. cryopreserved cells for every newly evaluated marker to ensure an absence of negative effects of 

cryopreservation, and staining of non-fixed vs. fixed cells with every new marker, to ensure an absence of 

artifacts due to  Fixation/Permeabilization, the steps that were required to identify FOXP3+ Tregs. 

When we ensured an absence of inter-experimental differences and sufficient antibodies performance, we 

analyzed whether histological tumor types differed for any markers in Tregs or Teffs in any locations. In most 

cases, no apparent differences were found, and most markers were evaluated only in patients with 

adenocarcinoma and squamous cell carcinoma, due to random flow cytometry grouping and low prevalence of 

“other cancers” group within our patients. However, we have found that in cases of “other cancers”, expression 

of CTLA4, GITR, CCR4 and CXCR5 seemed to be affected, so we excluded those data from the final reports at 

Figure 7, but they are presented at Supplemental Figures 9, 11, 14 and 20. Only 2 markers tended to differ 

between adenocarcinoma and squamous cells carcinoma, GARP and LAP, so we presented  their  expression in 

adenocarcinoma samples exclusively in Figure 7 A, E, but provided the full data about their expression in 

Supplemental Figures 10 and 13. 

For flow cytometry, we used live/dead fixable reagent, then washed cells, applied FC blocking reagent (Human 

TruStain FcX, Biolegend) for 5-10 min at room temperature, then stained for surface markers for 40-50 min, 

4°C in pre-titrated concentrations, then washed, performed Fixation/Permeabilization step using Transcription 

Factor Buffer Set (BD Biosciences) and stained for intranuclear and intracellular antibodies for 60 min, 4°C. 

We evaluated cells using CyAn Dako or CytoFLEX flow cytometers and analyzed data with FlowJo. 

Compensation was performed using single stains and fluorescent minus one (FMO) controls. We applied gating 

on cells negative for live/dead fixable reagent (in all experiments) and also gated on CD45hi+ population (in 

some experiments) to exclude dead, apoptotic and non-hematopoietic cells and therefore to markedly decrease 
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non-specific signals. Further gating strategies for particular markers are shown in Supplemental Figures 1 and 

6-40. We applied antibodies to FOXP3, Helios, CTLA4 and Ki-67 after Fixation/Permeabilization. To evaluate 

expression of GARP, LAP, Tim3 and CD40L, we used stimulation for 2 days with CD3/28 beads at 1/1 ratio in 

T cell media. The same conditions, but overnight stimulation, were used to evaluate PD1 expression, as levels 

of PD1 in non-stimulated cells were low. As we used cells after their overnight incubation in the plastic flasks 

(see details above in “Preparation of a single-cell suspension and lymphocytes isolation”), we collected mostly 

the non-adherent cells. Therefore, axis labels “% in all cells” refer to non-adherent, SSC-FSC viable 

lymphocytes gated, (CD45+) and live/dead fixable reagent gated cells. 

PrimeFlow assay 

We used PrimeFlow RNA Assay method (cat#88-18009-204, Affimetrix), that employs a fluorescent in-situ 

hybridization technique enabling simultaneous detection of up to 3 RNA transcripts in a single cell using a 

standard flow cytometer. RNA detection may be combined with intracellular, intranuclear and superficial 

antibodies staining (18-20). We applied live/dead fixable reagent, then FC blocking, followed by superficial 

antibodies staining (CD4, CD45), then performed Fixation/Permeabilization according to manufacturer's 

instruction, then stained for FOXP3 for 1 hour, washed and proceeded with target genes and housekeeping 

genes (RPL13A, NM_012423) hybridization according to protocol in Human PrimeFlow RNA kit. Target genes 

probes included:  

VA1-15518-204 FOXP3, human, type 1 

VA6-12565-204 FOXP3, human, type 6 

VA6-13816-204 GATA1, human, type 6 

VA4-18923-204 IKZF4, human, type 4 

VA6-18867-204 IRF4, human, type 6 

VA4-18412-204 SATB1, human, type 4 

VA4-12619-06 LEF1, human, type 4 

VA1-16969-06 HDAC6, human, type 4 

Controls included: i) use of all reagents and the whole procedure, including amplification, but in absence of 

mRNA probes (Supplemental Figure 41C); ii) target genes amplified with and without co-staining with flow 

cytometry antibodies; iii) housekeeping genes with all three types of fluorescent labels (Supplemental Figure 

41B), iv) evaluation of dot plots with housekeeping genes expression vs. live/dead co-staining (Supplemental 

Figure 41A); and v) FMO controls (Supplemental Figure 41D). When indicated, cells were incubated for 3 days 

with 50% of their T cell media replaced by tumor conditioned media (TCM) or normal lung conditioned media 

(NCM). For gene mRNAs expression and FOXP3 protein per cell data, we used median of fluorescence (MOF) 

instead of mean of fluorescence because i) it is not easily influenced by outliers, and ii) most fluorescence data 

were not normally distributed. For mRNA and protein expression in single cell levels, we gated CD4+FOXP3+ 

(i.e. by antibodies) Tregs on fully compensated data, and saved those new *.fcs files separately. Then we 

exported fluorescent data for required channels as CSV-Scale values, performed log transformation of data and 

used them for statistics as illustrated at Figure 11, A-C. 

Human TSDR FOXP3 methylation assay 

We isolated genomic DNA from 80-170x103 CD4+ CD25+ beads-isolated Tregs using Gentra Puregene Cell 

Kit (Qiagen), according to the manufacturer's instructions. We added GlycoBlue (ThermoFisher Scientific) to 

locate pellets that were otherwise not visible due to low cell numbers. We evaluated DNA quantity using Qubit 

dsDNA HS Assay (ThermoFisher Scientific). Then, according to manufacturer's instruction (EpiTect II DNA 

Methylation Enzyme Kit, Qiagen, formerly SABiosciences), we exposed isolated DNA to two restriction 

enzymes, one methylation-sensitive and the other is methylation dependent. Next, we used DNA digests, four 

from each DNA sample, to conduct DNA methylation PCR array, in triplicates, with custom FOXP3 primers 

corresponding to the Treg-specific demethylated region (TSDR) of human FOXP3, and RT² SYBR Green/ROX 

qPCR Mastermix (both Qiagen, formerly SABiosciences). We used internal control digests along with the 

tested samples, and calculated % of methylated CpG islands in TSDR region of FOXP3, in Excel template file 

provided with the kit. We defined 0–5% of methylation as "unmethylated FOXP3".  Percentages of 
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unmethylated TSDR FOXP3 in female Tregs were calculated as (UM TSDR*2), where UM is % unmethylated 

TSDR FOXP3. Aliquots of Tregs used for TSDR FOXP3 methylation assay were cryopreserved to evaluate 

their FOXP3+ expression by flow cytometry, and the same Treg samples were used in Treg suppression assay 

to evaluate and confirm their function. Healthy donor Tregs DNAs with previously characterized (and 

confirmed by commercial pyrosequencing) demethylated TSDR FOXP3 were included in ongoing experiments 

to ensure quality of data.  

 

RT-qPCR  

We isolated RNA from single cell suspensions using QIAshredder  and RNeasy Mini Kit (both Qiagen), 

evaluate RNA qualities and quantities and reverse transcribed RNA to cDNA with TaqMan Reverse 

Transcription Reagents (N8080234, ThermoFisher Scientific). Then we run TaqMan gene expression assay with 

primers to TGFb, IL-10, CTNNB1 (beta-catenin), IDO1 (indoleamine-2,3-dioxygenase 1), COX-2 

(cyclooxygenase-2), HIF1a (hypoxia-inducible factor-1α), CA9 (carbonic anhydrase IX) and CXCL13. 

Differences in cDNA input were corrected by normalizing signals for 18S rRNA (all ThermoFisher Scientific). 

We normalized genes expression using ΔΔCT method with distant lungs as controls. In case of CXCL13 

expression, lung LNs served as controls. 

 

Treg suppression assays with adjusted FOXP3+ Treg purity 

Tregs were isolated after overnight incubation of all samples in T cell media, which allowed cells to recover 

their CD25 expression. We used magnetic beads (#130-091-301, CD4+CD25+Treg isolation kit, Miltenyi-

Biotec). After counting and evaluation with Trypan blue, most Tregs were immediately used for suppression 

assays, while small aliquots were frozen for flow cytometry to control FOXP3+ purity after isolation. If sample 

had efficient number of cells, the portion of 80-170x103 Treg was cryopreserved for TSDR FOXP3 methylation 

assay. To ensure suppression assays reflected effects of tumors on Tregs and not conventional T effector (Teff) 

cells, the same healthy donor CFSE-labeled PBMC cells were used in each assay. In preliminary studies, these 

cells were tested with different healthy donor Tregs to ensure absence of variability due to HLA differences 

(data not shown). We also evaluated Tregs in suppression assays with autologous patient CFSE-labeled CD3-

stimulated CD4+CD25- Teff cells, and in suppression assays based on MLR, as described (21). Tumor Tregs 

had superior suppressive activity in all types of suppression assays, so we used the one with standardized 

conditions and healthy donors PBMC in all leftover experiments and in following calculations. 

 

When multiple experiments with samples from one patient were performed (as two different lung LNs, central 

vs. peripheral tumor parts, two starting cell numbers, two types of stimulations, different final volumes in wells, 

different modifications of Treg isolation, U-bottom vs. V-bottom wells, duplicates and triplicates etc.), then 

results of only one, the most “standard” modification, were included in calculations presented at Figure 5B. 

Aliquots of isolated Tregs were stained for CD45, CD4, CD25, CD127, CTLA4, FOXP3 and fixable live/dead 

reagent. We used CD45, CD25, CD127 and CTLA4 in some, while CD4, FOXP3 and fixable live/dead reagent 

in all Treg samples. Tregs isolated from PBMC of lung cancer, LT and healthy donors (Figure 5C) had 

comparable FOXP3+ purity after isolation, so no adjustments for results of their suppressive function were 

required. Lung cancer patients Tregs isolated from tumors, PBMC and LNs also had comparable FOXP3+ 

purity, but lung Tregs FOXP3+ purity was significantly worse, making direct comparison non-reliable in most 

cases. To resolve this problem, we run experiments with 5 tested Tregs, 3 tumors and 2 healthy donors’ ones. 

Prior to suppression assays, Tregs were diluted with CD4+CD25+FOXP3- autologous Teffs mimicking their 

decreased FOXP3+ purity, in concentrations of 100 to 40% of original Tregs (Supplemental Table 1). Then we 

run linear regression assays to evaluate how Tregs decreased their suppressive function when their FOXP3+ 

purity decreased, and found that all resulting regression lines have little variability between each other. So we 

combined those lines and received 2 regression analyses equations (Figures 5D, Supplemental Figure 5B, 

Supplemental Table 2). Then we run suppressive assays with two more Tregs samples, one healthy donor and 

one lung cancer distant lung Tregs, using the same dilutions with their own Teffs, to evaluate predictive errors 

of our equations. Prediction errors were just 1% and 10% (CD4 and CD8 responders, correspondingly) for 

healthy donor Treg sample isolated with 48% FOXP3+ purity, and 15% and 18% for lung Tregs, isolated with 
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very low Treg purity (22%) (Supplemental Figure 5C-D and Supplemental Table 3). Then we adjusted the 

results of suppression assays according to their FOXP3+ Tregs purities. 

 

In vitro pTreg (iTreg) conversion assay 

We applied CD25+ beads from Treg isolation kit (#130-091-301, Miltenyi-Biotec) to overnight rested cells, 10 

uL of microbeads per each 7x106 cells in 90 uL of MACs buffer, incubated for 20 min, and then we depleted 

cells of CD25+ Tregs using LD columns. We evaluated the small aliquots of each sample to ensure very low 

and equal % of leftover Tregs in all CD25-depleted samples (Figure 3C). We stimulated cell suspensions with 

CD3/28 beads (1:10 cells ratio), TGFb 10ng/mL and IL2 100 U/mL for 7 days with fresh TGFb 1 and IL2 every 

other day, and then evaluated % of pTregs by flow cytometry. 

 

Statistics 

We applied parametric tests if data were normally distributed and non-parametric tests if not. The tests 

included: Student’s t-test (or Mann–Whitney U-test) to compare 2 groups of samples; one-way ANOVA (or 

Kruskal–Wallis) tests for comparison of 3 and more groups, with Tukey's, Sidak's (or Dunn's) multiple 

comparisons post-hoc tests. For some flow cytometry experiments, where indicated, we used 2-ways ANOVA 

with Tukey's (rows) and Sidak’s (columns) tests. When we performed multiple paired comparisons of data from 

different experiments, but the same aliquots of samples, we used one unpaired t-test per row with FDR (False 

discovery rate) set up as 1%. For repeated measurements, we used Friedman test with Dunn's multiple 

comparisons post-hoc test. For correlation, we used Pearson’s (or Spearman’s) assays, and we applied partial 

correlation analyses where indicated. For testing associations in two-way tables, we used chi-square or Fisher 

exact test. Data are shown as mean ± SEM. A two-tailed p value of <0.05 was considered statistically 

significant. We used GraphPad Prism 6.0 and SPSS 17.0. 
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Text Box
Supplemental Figure 2. Characteristics of blood Tregs in LC patients. 
The frequencies of (A) CD4+ and (B) CD8+ cells were evaluated in PBMC from LC, LT and HD groups, at least 11 samples per group. Expression of Treg-associated markers was evaluated in (C) Tregs, (D) CD4+ and (E) CD8+ T cells pre- and postoperatively at 3 months post-op. Each marker was evaluated at least 11 times. (F) Percent of FOXP3+ Tregs in CD4+ subset were compared within each individual (n = 15), and differences in Treg numbers post- vs. pre-operatively demonstrated correlation with the size of tumors removed. This data suggest that number of peripheral Tregs dropped more when larger tumors were removed. "LC"  - lung cancer, "HD"  - healthy donors, "LT" lung diseased pre-transplant patients. Statistics used: A, B  - Kruskal-Wallis tests, p values were >0.05. C-E Multiple t-tests with false discovery rate set to 1%, all p values were >0.05. F  - Spearman correlation assay.
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Text Box
Supplemental Figure 3. Evaluation of lung cancer T cells and division of intratumoral Tregs 
The frequencies of (A) CD4+ and (B) CD8+ cells were evaluated in healthy donors, and in LC PBMC, LNs, tumors and distant lungs, with at least 16 samples per group. (C) CD4+ cells were compared in lung cancer LNs (n = 30) versus LNs from three non-cancer patients (with diaphragmal hernia, sarcoidosis  and interstitial lung disease, "LNs, non cancers"). Ki67 expression in intratumoral Tregs correlated with (D) Ki67 expression in intratumoral CD4+FOXP3- Teffs (n = 9), (E) had no correlations with frequency of intratumoral Tregs in CD4+ subsets (n = 8), and (F) inversely correlated with tumor size (n = 8). "ns", no significant differences; ***p<0.001; ****p<0.0001. Statistics used: A, B, Kruskal-Wallis test with post-hoc Dunn's multiple comparisons test; C, Mann Whitney test; D, E, F, Spearman correlation assay.
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Supplemental Figure 4. Demethylation of TSDR FOXP3 in Tregs, trafficking and maturation of Tregs and Teffs. (A) FOXP3/TSDR ratio as a measure of iTreg and tTres subsets. Top: in healthy donors, majority of Tregs are cells expressing FOXP3 and completely demethylated at the TSDR. Middle: calcineurin inhibitors therapy (CNI) may disrupt NFAT signaling, leading to impaired FOXP3 promoter activation and decreased FOXP3 synthesis (22). Bottom: increased percent of partially methylated TSDR FOXP3 Tregs moves  FOXP3/TSDR ratio up, as we showed previously in mTOR-inhibitor (Rapamycin) treated patients (23). Similarly, age-related thymic involution may lead to FOXP3/TSDR>1 in Tregs. (B) Ratios of FOXP3+ expression in isolated suppressive Tregs to percent of demethylated TSDR of FOXP3 (FOXP3/TSDR) in the same Treg cells were calculated for 8 liver transplant patients who were observed pre-operatively and 1-2 weeks, 3 months and 1 year after Tx. After Tx, all patients received calcineurin inhibitors therapy (CNI). Use of CNI corresponded with gradual decrease of FOXP3/TSDR ratios in Tregs. (C) Suppressive Tregs from LC samples were evaluated for their expression of FOXP3 (right) and  percent of demethylated TSDR of FOXP3 was evaluated in the same samples (left part of the graph). At least 4 samples were included into each group. (D) RT-qPCR data for mRNA expression of CXCL13 in single cell suspensions of indicated samples. mRNA expression in LNs were set up as 1. At least three samples were evaluated for each mRNA. Expression of CD45RA (E) and CD45RO (F) were evaluated in Tregs vs. Teffs in different samples as indicated, at least in 7 samples in each group. "ns", no significant differences; *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001. "Tx", transplantation. Statistics used: B, Friedman test with Dunn's test. Missing data (6 variables out of 32) were replaced by means of their group to increase statistical power of repeated measures data. E, F, Two-way ANOVA with Tukey's multiple comparisons test for row factor, a location of either Tregs or Teffs (PBMC vs. LNs vs. tumors etc.), and with Sidak's multiple comparisons test for column factor, to compare expression in Tregs vs. Teffs. Only p values in row factor in tumor and lung Tregs are shown in figures, and full data presented at Supplemental Table 9.
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Text Box
Supplemental Figure 5. Suppressive function of Tregs. 
(A) Suppressive function of Tregs with CFSE+CD8+ healthy donor responders. One representative experiment out of 45 is shown. The suppressive function of the same Tregs towards CD4+ responders is illustrated at Figure 5A. (B) Resulting equation of regression analysis performed with 5 Treg samples with different FOXP3+ purities as described in Results. This equation shows how Treg lose their capability to suppressive CD8+ responders when they were isolated with decreased FOXP3+ purity. The corresponding data for CD4+ responders are presented at Figure 5D. Observed vs. predicted suppressive function of Tregs for (C) CD4+ and (D) CD8+ responders, evaluated for one healthy donor and one lung cancer, distant lung Tregs, to validate equations of regression analyses shown at (B) and Figure 5D. Statistics used: B - linear regression analysis.
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Text Box
Supplemental Figure 6. CD25 expression in Tregs versus Teffs. 
Top: correlation of CD25+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 38. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. When adenocarcinoma and squamous cells carcinoma samples were analyzed separately, expression of CD25 in Tregs and Teffs had no correlations. Bottom: gating strategy and the representative expression of CD25+ in Tregs and Teffs are shown, with corresponding MOF for CD25 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. "Non Ca" - non-cancer patients with diaphragmatic hernia, sarcoidosis  or interstitial lung disease.
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Supplemental Figure 7. CD39 expression in Tregs versus Teffs. 
Top: correlation of CD39+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 54. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD39+ in Tregs and Teffs are shown, with corresponding MOF for CD39 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). “Donor”  - healthy donors, “AdenoCa”  - adenocarcinoma, “SquamCa”  - squamous cell carcinoma, “OtherCa”  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. 
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Supplemental Figure 8. CD127 expression in Tregs versus Teffs. 
Top: correlation of CD127+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 27. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD127+ in Tregs and Teffs are shown, with corresponding MOF for CD127 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. 
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Text Box
Supplemental Figure 9. CTLA4 expression in Tregs versus Teffs. 
Top: correlation of CTLA4+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 38. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CTLA4+ in Tregs and Teffs are shown, with corresponding MOF for CTLA4 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). CTLA4 was evaluated by intracellular staining of fixed and permeabilized cells. "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. 
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Text Box
Supplemental Figure 10. GARP expression in Tregs versus Teffs. 
Top: correlation of GARP+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 25. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of GARP+ in Tregs and Teffs are shown, with corresponding MOF for GARP in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). GARP was evaluated after stimulation for 2 days with CD3/28 beads at 1/1 ratio in T cell media. "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma.
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Text Box
Supplemental Figure 11. GITR expression in Tregs versus Teffs. 
Top: correlation of GITR+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 32. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of GITR+ in Tregs and Teffs are shown, with corresponding MOF for GITR in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers: large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. 
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Text Box
Supplemental Figure 12. Helios expression in Tregs versus Teffs. 
Top: correlation of Helios+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 49. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of Helios+ in Tregs and Teffs are shown, with corresponding MOF for Helios in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). Helios was evaluated by intranuclear staining of fixed and permeabilized cells. "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. 
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Text Box
Supplemental Figure 13. LAP expression in Tregs versus Teffs. 
Top: correlation of LAP+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 25. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of LAP+ in Tregs and Teffs are shown, with corresponding MOF for LAP in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). LAP was evaluated after stimulation for 2 days with CD3/28 beads at 1/1 ratio in T cell media. Tregs and Teffs have no correlations in their expression of LAP. "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma.
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Supplemental Figure 14. CCR4 expression in Tregs versus Teffs. 
Top: correlation of CCR4+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 45. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CCR4+ in Tregs and Teffs are shown, with corresponding MOF for CCR4 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. "Non Ca" - non-cancer patients with diaphragmal hernia, sarcoidosis or interstitial lung disease.
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Supplemental Figure 15. CCR5 expression in Tregs versus Teffs. 
Top: correlation of CCR5+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 30. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CCR5+ in Tregs and Teffs are shown, with corresponding MOF for CCR5 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma.
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Supplemental Figure 16. CCR7 expression in Tregs versus Teffs. 
Top: correlation of CCR7+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 24. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CCR7+ in Tregs and Teffs are shown, with corresponding MOF for CCR7 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma.
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Supplemental Figure 17. CCR8 expression in Tregs versus Teffs. 
Top: correlation of CCR8+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 39. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CCR8+ in Tregs and Teffs are shown, with corresponding MOF for CCR8 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma. "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. "Non Ca" - non-cancer patients with diaphragmatic hernia, sarcoidosis  or interstitial lung disease.
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ttank
Text Box
Supplemental Figure 18. CXCR3 expression in Tregs versus Teffs. 
Top: correlation of CXCR3+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 29. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CXCR3+ in Tregs and Teffs are shown, with corresponding MOF for CXCR3 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma. 



Teffs/CXCR4+, %

100.0090.0080.0070.0060.0050.0040.00

Tr
eg

/C
XC

R4
+,

 %
100

80

60

40

20

0

CXCR4

CXCR4+
87.8

0 10
3

10
4

10
5

10
6

10
7

Comp-FL6-A :: GITR APC-A

0

10
3

10
4

10
5

10
6

10
7

C
om

p-
F

L2
-A

 ::
 C

X
C

R
4 

P
E

-A

0 10
3

10
4

10
5

10
6

10
7

Comp-FL6-A :: GITR APC-A

0

10
3

10
4

10
5

10
6

10
7

C
om

p-
F

L2
-A

 ::
 C

X
C

R
4 

P
E

-A

Subset Name Median : Comp-FL2-A
FOXP3+ Treg� 19251.7�
Teffs� 32004.4�
live� 43956.0�

CXCR4+
99.3

0 10
3

10
4

10
5

10
6

10
7

Comp-FL6-A :: GITR APC-A

0

10
3

10
4

10
5

10
6

10
7

C
om

p-
F

L2
-A

 ::
 C

X
C

R
4 

P
E

-A

CXCR4+
99.7

0 10
3

10
4

10
5

10
6

10
7

Comp-FL6-A :: GITR APC-A

0

10
3

10
4

10
5

10
6

10
7

C
om

p-
F

L2
-A

 ::
 C

X
C

R
4 

P
E

-A

All cells Tregs Teffs Overlay

r = 0.965, p < 0.0001, Spearman 

SquamCa

Donor
AdenoCa

Red -      tumor
Yellow - PBMC
Green -  lung
Blue -     LN

Type of samples (color coding)

Diagnosis (shape coding)

25

ttank
Text Box
Supplemental Figure 19. CXCR4 expression in Tregs versus Teffs. 
Top: correlation of CXCR4+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 29. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CXCR4+ in Tregs and Teffs are shown, with corresponding MOF for CXCR4 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma. 
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Text Box
Supplemental Figure 20. CXCR5 expression in Tregs versus Teffs. 
Top: correlation of CXCR5+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 41. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CXCR5+ in Tregs and Teffs are shown, with corresponding MOF for CXCR5 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma. "Non Ca" - non-cancer patients with diaphragmatic hernia, sarcoidosis or interstitial lung disease.
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Text Box
Supplemental Figure 21. CD26 expression in Tregs versus Teffs. 
Top: correlation of CD26+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 28. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD26+ in Tregs and Teffs are shown, with corresponding MOF for CD26 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma; "Missing data", patients had confirmed lung cancer, but details of histologic type are unknown.
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Text Box
Supplemental Figure 22. CD27 expression in Tregs versus Teffs. 
Top: correlation of CD27+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 24. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD27+ in Tregs and Teffs are shown, with corresponding MOF for CD27 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma.
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Text Box
Supplemental Figure 23. CD40L expression in Tregs versus Teffs. 
Top: correlation of CD40L+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 25. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD40L+ in Tregs and Teffs are shown, with corresponding MOF for CD40L in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). CD40L was evaluated after stimulation for 2 days with CD3/28 beads at 1/1 ratio in T cell media. "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma.
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Text Box
Supplemental Figure 24. CD45RA expression in Tregs versus Teffs. 
Top: correlation of CD45RA+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 44. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD45RA+ in Tregs and Teffs are shown, with corresponding MOF for CD45RA in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma; "Missing data" patients had confirmed lung cancer, but of unknown histological type.
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Text Box
Supplemental Figure 25. CD45RO expression in Tregs versus Teffs. 
Top: correlation of CD45RO+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 43. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD45RO+ in Tregs and Teffs are shown, with corresponding MOF for CD45RO in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma; "Missing data" patients had confirmed lung cancer, but of unknown histological type.
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Text Box
Supplemental Figure 26. CD62L expression in Tregs versus Teffs. 
Top: correlation of CD62L+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 67. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD62L+ in Tregs and Teffs are shown, with corresponding MOF for CD62L in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma, "Missing data" patients had confirmed lung cancer, but details of its histological type are unknown.
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Text Box
Supplemental Figure 27. CD69 expression in Tregs versus Teffs. 
Top: correlation of CD69+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 34. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD69+ in Tregs and Teffs are shown, with corresponding MOF for CD69 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma.
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Text Box
Supplemental Figure 28. CD15s expression in Tregs versus Teffs. 
Top: correlation of CD15s+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 22. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. When CD15s expression in PBMC samples was analyzed separately, no correlations between CD15s+ Tregs and Teffs existed. Similarly, when leftover samples were analyzed with PBMC data excluded, CD15s in Tregs and in Teffs did not correlate. Bottom: gating strategy and the representative expression of CD15s+ in Tregs and Teffs are shown, with corresponding MOF for CD15s in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma.
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Text Box
Supplemental Figure 29. CD84 expression in Tregs versus Teffs. 
Top: correlation of CD84+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 46. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD84+ in Tregs and Teffs are shown, with corresponding MOF for CD84 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma, "Missing data" patients had confirmed lung cancer, but details of its histological type are unknown.
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Text Box
Supplemental Figure 30. CD95 expression in Tregs versus Teffs. 
Top: correlation of CD95+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 26. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. When CD95 expression in PBMC and LNs was analyzed separately, no correlation of CD95 in Tregs vs. Teffs existed. Bottom: gating strategy and the representative expression of CD95+ in Tregs and Teffs are shown, with corresponding MOF for CD95 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma.
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Text Box
Supplemental Figure 31. CD101 expression in Tregs versus Teffs. 
Top: correlation of CD101+ expression in CD4+FOXP3+ Tregs (y) and  in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 38. Different type of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD101+ in Tregs and Teffs are shown, with corresponding MOF for CD101 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "Missing data" patients had confirmed lung cancer, but details of its histological type are unknown.
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Text Box
Supplemental Figure 32. CD120b expression in Tregs versus Teffs. 
Top: correlation of CD120b+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 37. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. When Tregs with CD120b expression >60% were excluded, no correlation between CD120b in Tregs vs. Teffs existed. Bottom: gating strategy and the representative expression of CD120b+ in Tregs and Teffs are shown, with corresponding MOF for CD120b in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma.
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Text Box
Supplemental Figure 33. CD161 expression in Tregs versus Teffs. 
Top: correlation of CD161+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 23. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of CD161+ in Tregs and Teffs are shown, with corresponding MOF for CD161 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma.
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Text Box
Supplemental Figure 34. HLADR expression in Tregs versus Teffs. 
Top: correlation of HLADR+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 37. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of HLADR+ in Tregs and Teffs are shown, with corresponding MOF for HLADR in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma.
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Text Box
Supplemental Figure 35. ICOS expression in Tregs versus Teffs. 
Top: correlation of ICOS+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 31. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of ICOS+ in Tregs and Teffs are shown, with corresponding MOF for ICOS in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers:  large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma.
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Supplemental Figure 36. Ki67 expression in Tregs versus Teffs. 
Top: correlation of Ki67+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 27. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of Ki67+ in Tregs and Teffs are shown, with corresponding MOF for Ki67 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cell carcinoma, "OtherCa"  - other types of cancers: large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma, "Missing data" patients had confirmed lung cancer, but details of its histological type are unknown.
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Supplemental Figure 37. Neuropilin expression in Tregs versus Teffs. 
Top: correlation of Neuropilin+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 26. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of Neuropilin+ in Tregs and Teffs are shown, with corresponding MOF for Neuropilin in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor", healthy donors; "AdenoCa", adenocarcinoma; "SquamCa", squamous cell carcinoma; "Missing data" patients had confirmed lung cancer, but of unknown histological type.
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Supplemental Figure 38. PD1 expression in Tregs versus Teffs. 
Top: correlation of PD1+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 28. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. Bottom: gating strategy and the representative expression of PD1+ in Tregs and Teffs are shown, with corresponding MOF for PD1 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). PD1 was evaluated after overnight stimulation with CD3/28 beads at 1/1 ratio in T cell media. “Donor”  - healthy donors, “AdenoCa”  - adenocarcinoma, “SquamCa”  - squamous cells carcinoma.
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Supplemental Figure 39. TIGIT expression in Tregs versus Teffs. 
Top: correlation of TIGIT+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 26. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. When tumor and lung samples were analyzed separately, TIGIT expression in Tregs and Teffs had no correlation. Similarly, when PBMC and LNs samples were analyzed separately, TIGIT expression in Tregs and Teffs did not correlate. Bottom: gating strategy and the representative expression of TIGIT+ in Tregs and Teffs are shown, with corresponding MOF for TIGIT in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma, "OtherCa"  - other types of cancers: large cell neuroendocrine carcinoma, lung metastasis of colon adenocarcinoma, high grade carcinoma or melanoma.
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Supplemental Figure 40. Tim3 expression in Tregs versus Teffs. 
Top: correlation of Tim3+ expression in CD4+FOXP3+ Tregs (y) and in CD4+FOXP3- Teffs (x), Spearman's correlation assay, n = 22. Different types of samples are coded by color, as indicated in legend. Shapes of symbols represent diagnostic categories, as indicated in legend. When tumor and lung samples were analyzed separately, Tim3 expression in Tregs and Teffs had no correlation. Similarly, when PBMC and LNs samples were  analyzed separately, Tim3 expression in Tregs and Teffs did not correlate. Bottom: gating strategy and the representative expression of Tim3+ in Tregs and Teffs are shown, with corresponding MOF for Tim3 in all viable cells (red), CD4+FOXP3+ Tregs (blue) and CD4+FOXP3- Teffs (orange). Tim3 was evaluated after stimulation for 2 days with CD3/28 beads at 1/1 ratio in T cell media. "Donor"  - healthy donors, "AdenoCa"  - adenocarcinoma, "SquamCa"  - squamous cells carcinoma.
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Supplemental Figure 41. PrimeFlow RNA controls.
(A) dot plots with housekeeping genes expression (y) vs. live/dead co-staining (x), showing that only viable cells have 
mRNA expression of housekeeping gene RPL13A (left, top corners), while cells with impaired membranes that stained 
positively with fixable live/dead reagent “Zombie”, do not express RPL13A mRNA. Three columns correspond with 
results for three different RPL13A primers with type 1, type 4 and type 6 fluorescent labels, as indicated. (B) Positive 
control: the viable cells have high (more than 90%) and uniform expression of housekeeping gene RPL13A, in all 
three types of primers. (C) Negative controls: cells were proceeded for all steps in the method, including pre-
amplification and amplification of mRNA signals, but no primers were used at hybridization step. There are no non-
specific background signals in all three channels. (D) FMO controls. Cells were stained with all reagents, including 
live/dead, superficial and intranuclear antibodies, had primers for one or two other channels, but had no primers in 
the tested channel. There are small shifts in staining of negative populations, but still no non-specific signals exist. 
Notably that cells were co-stained with PE in Type 4, FITC control and with APC or APC-Cy7 in Type 6 APC-Cy7 or 
Type 1 APC controls, to ensure an absence of non-specific signals due to flow cytometry compensation issues.
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Text Box
Supplemental Figure 42. PrimeFlow RNA controls of specificity.
(A) histograms showing that tumor Tregs do not upregulate expression of (left) housekeeping gene mRNA or (right) non related gene HDAC6 mRNA, in comparison with Teffs. Histograms show the representative expressions MOFs in Tregs (blue) and Teffs (red). (B) Pseudocolor dot plots of CD4+ gated cells from different samples, showing the representative examples of FOXP3 mRNA (y) versus FOXP3 protein (x) expressions. (C) histograms from the same experiment, showing that while tumor Tregs do have more FOXP3 mRNA and FOXP3 protein in comparison with other Tregs, they do not have more housekeeping gene RPL13A mRNA or non-related gene HDAC6 mRNA expressions. Histograms show the representative expression with MOFs in Tregs from healthy donor PBMC (red), distant lung (orange), PBMC (blue) and tumor (green). 
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Supplemental Figure 43. 
Pre-transplant diagnoses in patients listed for lung transplant (LT). Percent of patients with corresponding diagnosis is shown for each category.



SUPPLEMENTAL TABLES 

 

Supplemental Table 1 
 

Raw data for division of CD4+ and CD8+ responders, followed by calculation of standardized suppression for 

the same samples and suppression in AUC units(15), for non-diluted Tregs (100%) and Tregs diluted with 

CD4+CD25-FOXP3-autologous T cells (60%) 

 

Raw Data: 
Divisions rate of CD4+, % Divisions rate of CD8+, % 

% of Tregs in suppression assay at 1/1 % of Tregs in suppression assay at 1/1 

Ratios 

Treg/Teffs 
100 60 100 60 

1/1 46.7 70.3 42.7 57.4 

1/2 71.8 73.9 62.8 67.5 

1/4 75.9 80.8 70.4 75 

1/8 80.3 82 73.7 73.3 

1/16 79.9 82.8 73.2 75 

No Tregs 81.4 84 74.7 75.4 

Standardized 

suppressions: 

Standardized suppression for CD4+, % Standardized suppression for CD8+, % 

% of Tregs in suppression assay at 1/1 % of Tregs in suppression assay at 1/1 

Powers of 2 used 

for AUCs 
100 60 100 60 

0 42.6 16.3 42.8 23.9 

1 11.8 12.0 15.9 10.5 

2 6.8 3.8 5.8 0 

3 0 0 0 0 

4 0 0 0 0 

Calculated 

AUCs 

AUC, for CD4+ responders, units AUC, for CD8+ responders, units 

% of Tregs in suppression assay at 1/1 % of Tregs in suppression assay at 1/1 

100 60 100 60 

AUCs, Total 

Peak Area 
39.9 24.0 43.1 22.4 
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Supplemental Table 2 

 

Equations for suppressive capabilities of Tregs to suppress division of CD4+ and CD8+ responders, as a 

function of Treg FOXP3+ purity after isolation 

 

 Total samples Linear regression analysis 

 
# of X 

values 

Max. # of Y 

replicates 

# of 

values 
Slope Intercept F DFn, DFd P Value R2 

CD4+ 

responders 
7 4 12 

0.01793  

±  

0.001754 

-0.1856  

±  

0.08991 

104.6 1.000, 10.00 < 0.0001 0.9127 

CD8+ 

responders 
7 4 12 

0.01840  

±  

0.002505 

-0.2253  

±  

0.1285 

53.95 1.000, 10.00 < 0.0001 0.8436 
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Supplemental Table 3 

 

Predicted and observed suppressive function of one healthy donor Tregs sample 

 

 

CD4+ responders CD8+ responders 

Before 

dilution 
After dilution 

Before 

dilution 
After dilution 

Tregs purity (% of FOXP3+) 79.40 47.64 79.40 47.64 

Observed suppression, AUC units 39.86 23.99 43.11 22.41 

Observed AUCs ratios 1.00 0.60 1.00 0.52 

Predicted AUCs ratios* 1.24 0.67 1.24 0.65 

Predicted AUCs ratios** 1.00 0.54 1.00 0.53 

Predicted suppression, AUC units  21.53  22.72 

Prediction error (%)  10  1 

 

* 66% of FOXP3+ purity is set up as 1. 

** The highest observed FOXP3+ purity was re-calculated as 1. 
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Supplemental Table 4 

Treg-associated markers, evaluated in lung cancer patients 

 

# The reasons to choose Markers, references 

1 Were shown to be important for Treg 

function 

CD15s (24), CD25 (25, 26), CD39 (27, 28), 

CD45RA/RO (29), CD69 (30), CD101 (31), 

CD120b (32), CD161 (33), CCR4 (34), CTLA4 

(25, 26, 35), GARP (36, 37), GITR (26, 38), 

Helios (39, 40), HLA-DR (41), ICOS (42), and 

Tim3 (43) 

2 Were upregulated in tumor Tregs, were 

shown to be related with tumor Tregs or 

Teffs biology 

CD26 (44), CD27 (45, 46), CD39 (47), CD40L 

(48), CD45RA/RO (49), CD120b (32), CD161 

(50), CTLA4 (51, 52) GITR (53), Helios (54), 

HLA-DR (55), ICOS (56, 57), neuropilin (58, 

59), PD-1 (60), TIGIT (61), and Tim3 (62, 63) 

3 Were suggested to serve as selective 

Treg-positive or Treg-negative markers 

CD26 (44, 64), CD127 (65), GARP (36, 66), and 

LAP (67) 

4 Were suggested to be important for 

tumor Treg or Teff cell trafficking 

CCR4 (34, 68), CCR5, CCR7 and CXCR3, 

CXCR4 (68), CCR8 (69, 70), CXCR5(71) and 

CD62L (72) 
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Supplemental Table 5 

 

Expression of CD39, CTLA4, GARP and Tim3 in Tregs and Teffs,  results of  

two-way ANOVAs with multiple comparisons tests. 

 

Types of comparison: 
Marker, p values 

CD39 CTLA4 GARP Tim3 

Number of Treg-Teff pairs 65 28 19 22 

Two-way ANOVA: 

- Interaction 0.592 0.0203 0.0083 0.1374 

- Row factor (type of samples) < 0.0001 < 0.0001 0.0006 0.0016 

- Column factor (Tregs vs. Teffs) < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Tukey's test (type of samples) 

in Tregs:  HD PBMC vs. PBMC ns ns ns ns 

HD PBMC vs. LNs ns ns *** ns 

HD PBMC vs. tumors *** **** ** ** 

HD PBMC vs. lungs ns **** ns ns 

PBMC vs. LNs ns ns ns ns 

PBMC vs. tumors **** **** ns ** 

PBMC vs. lungs ns *** ns ns 

LNs vs. tumors ** **** ns ns 

LNs vs. lungs ns ** *** ns 

Tumors vs. lungs ns ns ** ** 

Tukey's test (type of samples) 

in Teffs:  HD PBMC vs. PBMC ns ns ns ns 

HD PBMC vs. LNs ns ns ns ns 

HD PBMC vs. tumors ns ** ns ns 

HD PBMC vs. lungs ns ns ns ns 

PBMC vs. LNs ns ns ns ns 

PBMC vs. tumors ns ** ns ns 

PBMC vs. lungs ns ns ns ns 

LNs vs. tumors ns * ns ns 

LNs vs. lungs ns ns ns ns 

Tumors vs. lungs ns ns ns ns 

Sidak's test (Tregs vs. Teffs) 

in HD PBMC < 0.0001 0.001 0.0589 ns 

in PBMC < 0.0001 < 0.0001 0.0008 ns 

in LNs < 0.0001 < 0.0001 < 0.0001 ** 

in tumors < 0.0001 < 0.0001 < 0.0001 *** 

in lungs < 0.0001 < 0.0001 0.3002 ns 

 

“Number of Treg-Teff pairs” is equal of number of unique samples tested for corresponding marker 

“HD PBMC” – healthy donors PBMC 

“ns” – not significant, p value >0.05; *p <0.05; ** p<0.01; *** p<0.001; **** p<0.0001 
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Supplemental Table 6 

Correlations between TFs and FOXP protein expression in Tregs, analyzed on single cell levels 

Type of 

Tregs: 
TFs: STAB1 GATA1 EOS IRF4 LEF1 

Tumors 

Correlations

/ 

Sample IDs 

Pearson 

r 

Controlled 

for FOXP3 

mRNA, r 

Pearson 

r 

Controlled 

for FOXP3 

mRNA, r 

Pearson 

r 

Controlled 

for FOXP3 

mRNA, r 

Pearson 

r 

Controlled 

for FOXP3 

mRNA, r 

Pearson 

r 

Controlled 

for FOXP3 

mRNA, r 

LC205 no -.088 .391 .085 n/d n/d n/d n/d n/d n/d 

LC211(4) n/d n/d no no .335 no no no .143 no 

LC214 .180 .069 .098 no .276 .139 .134 no no no 

LC228 n/d n/d .155 .077 .314 .196 no .069 .078 no 

LC233 .193 no .074 no n/d n/d n/d n/d n/d n/d 

LC241 n/d n/d .091 no .248 .086 n/d n/d n/d n/d 

LC268 .103 no no 

no 

.194 no no no n/d n/d 

Lungs 

LC211(4) n/d n/d no no .250 no -.068 -.123 -.149 -.334 

LC214 .157 .105 .167 .085 .343 .231 .119 no no no 

LC228 n/d n/d no no .211 .208 no no .077 .077 

LC233 .279 no no no n/d n/d n/d n/d n/d n/d 

LC241 n/d n/d .206 .071 .302 .186 n/d n/d n/d n/d 

LC268 .120 no no no -.149 -.136 no no n/d n/d 

PBMC 

LC211(4) n/d n/d no no .104 no no no .125 no 

LC214 .069 no .149 .094 .306 .230 .141 .089 no no 

LC228 n/d n/d no no .100 .062 .073 .091 -.091 -.156 

LC233 no no no no n/d n/d n/d n/d n/d n/d 

LC237 n/d n/d no no no no n/d n/d n/d n/d 

LNs 
LC81 n/d n/d no no .216 no no no .170 no 

LC268 -.089 -.089 no no -.118 -.103 no no n/d n/d 

HD 

PBMC 

ND052 -.260 -.288 .113 no n/d n/d n/d n/d n/d n/d 

ND307 -.309 -.332 .063 no n/d n/d n/d n/d n/d n/d 

ND390 n/d n/d no no .085 no no no no no 

ND436 n/d n/d no -.081 no -.089 n/d n/d n/d n/d 

ND481 n/d n/d no no .099 .106 n/d n/d n/d n/d 

ND488 no no no no -.092 -.065 no no no no 

“TF” – transcription factors 

“HD PBMC”  - PBMC of healthy donor 

"no" - p value for correlation coefficient was > 0.05; 

"n/d" - no data for this sample; 

 "Controlled for FOXP3 mRNA"  -partial correlation coefficient r. 

For all presented correlation coefficients, p values were <0.05 
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Supplemental Table 7 

Clinical data of LC patients (n=92) 

Characteristics Number of patients % within known 

Gender: 

Males 

Females 

No data 

57 

33 

2 

63 

37 

- 

Race: 

White 

Black 

Other 

No data 

53 

16 

4 

19 

73 

22 

5 

- 

Tumor 

Stage: 

IA 

IB 

IIA 

IIB 

IIIA 

No data 

31 

21 

12 

12 

12 

4 

35 

24 

14 

14 

14 

- 

Tumor 

Grade: 

T1a 

T1b 

T2a 

T2b 

T3 

No data 

20 

12 

21 

6 

13 

20 

28 

17 

29 

8 

18 

- 

Nodal Stage: 

N0 

N1 

N2 

No data 

66 

14 

6 

6 

77 

16 

7 

- 

Cancer Type: 

Adenocarcinoma 

Squamous Cell 

Carcinoma 

Other Cancers* 

No data 

57 

27 

7 

1 

63 

30 

8 

- 

Smoking 

Status 

Never Smoked 

Former Smoker 

Current Smoker 

Unknown 

7 

48 

18 

19 

10 

66 

25 

- 

* Other Cancers included: large cell neuroendocrine carcinoma (3); lung metastasis of colon adenocarcinoma

(1), high grade carcinoma (1) and melanoma (1) 
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Supplemental Table 8 

Expression of trafficking and maturation T cells markers, the results of 

 two-way ANOVAs with multiple comparisons tests. Part 1. 

Types of comparison: 
Marker, p values 

CCR4 CCR5 CCR7 CCR8 CXCR3 

Number of Treg-Teff pairs 41 23 24 38 31 

Two-way ANOVA: 

- Interaction 0.5106 0.9011 0.3388 0.9477 0.179 

- Row factor (type of samples) 0.0659 0.0292 < 0.0001 0.02 < 0.0001 

- Column factor (Tregs vs. Teffs) < 0.0001 0.2844 0.0028 0.154 0.1244 

Tukey's test (type of samples) 

in Tregs:  HD PBMC vs. PBMC ns ns ns ns ns 

HD PBMC vs. LNs ns ns ns ns ns 

HD PBMC vs. tumors ns ns ns ns ** 

HD PBMC vs. lungs ns ns ** ns ns 

PBMC vs. LNs ns ns ns ns ns 

PBMC vs. tumors ns ns ns ns * 

PBMC vs. lungs ns ns ** ns ns 

LNs vs. tumors ns ns ns ns ns 

LNs vs. lungs ns ns * ns ns 

Tumors vs. lungs ns ns ns ns ns 

Tukey's test (type of samples) 

in Teffs:  HD PBMC vs. PBMC ns ns ns ns ns 

HD PBMC vs. LNs ns ns ns ns ns 

HD PBMC vs. tumors ns ns * ns **** 

HD PBMC vs. lungs ns ns **** ns **** 

PBMC vs. LNs ns ns ns ns ns 

PBMC vs. tumors ns ns ns ns * 

PBMC vs. lungs ns * *** ns ns 

LNs vs. tumors ns ns * ns *** 

LNs vs. lungs ns ns **** ns ** 

Tumors vs. lungs ns ns ns ns ns 

Sidak's test (Tregs vs. Teffs) 

in HD PBMC 0.0081 0.917 0.0987 0.9997 0.9988 

in PBMC < 0.0001 0.8885 0.8286 0.6033 0.4844 

in LNs 0.0471 0.9964 0.03 0.9985 0.8794 

in tumors 0.0138 0.9934 0.7879 0.9552 0.8017 

in lungs 0.0007 0.9991 > 0.9999 0.9838 0.2319 

“Number of Treg-Teff pairs” is equal of number of unique samples tested for corresponding marker 

“HD PBMC” – healthy donors PBMC 

“ns” – not significant, p value >0.05; *p <0.05; ** p<0.01; *** p<0.001; **** p<0.0001 
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Expression of trafficking and maturation T cells markers, the results of 

 two-way ANOVAs with multiple comparisons tests. Part 2. 

Types of comparison: 
Marker, p values 

CXCR4 CXCR5 CD62L CD45RA CD45RO 

Number of Treg-Teff pairs 29 30 87 44 55 

Two-way ANOVA: 

- Interaction 0.9051 P = 0.0059 0.0124 0.0043 0.005 

- Row factor (type of samples) 0.0002 P < 0.0001 < 0.0001 < 0.0001 < 0.0001 

- Column factor (Tregs vs. Teffs) 0.1576 P = 0.3173 < 0.0001 < 0.0001 < 0.0001 

Tukey's test (type of samples) 

in Tregs:  HD PBMC vs. PBMC ns ns ns * ** 

HD PBMC vs. LNs ns **** ns ns ns 

HD PBMC vs. tumors ** ns * **** **** 

HD PBMC vs. lungs ** ns * *** **** 

PBMC vs. LNs ns **** ns ns ns 

PBMC vs. tumors ns ns ** ns ns 

PBMC vs. lungs ns ns * ns ns 

LNs vs. tumors ns **** ns ** *** 

LNs vs. lungs ns **** ns ns * 

Tumors vs. lungs ns ns ns ns ns 

Tukey's test (type of samples) 

in Teffs:  HD PBMC vs. PBMC ns ns ns ns ns 

HD PBMC vs. LNs ns **** * * * 

HD PBMC vs. tumors ns ns **** **** **** 

HD PBMC vs. lungs ns ns **** **** **** 

PBMC vs. LNs ns **** ns ns ns 

PBMC vs. tumors ns ns **** **** **** 

PBMC vs. lungs ns ns **** **** **** 

LNs vs. tumors ns **** *** **** **** 

LNs vs. lungs ns **** ** *** *** 

Tumors vs. lungs ns ns ns ns ns 

Sidak's test (Tregs vs. Teffs) 

in HD PBMC 0.6522 0.9996 0.9928 < 0.0001 < 0.0001 

in PBMC 0.9306 0.9914 0.314 < 0.0001 < 0.0001 

in LNs 0.9503 < 0.0001 0.1663 0.0073 0.0087 

in tumors > 0.9999 0.9955 < 0.0001 0.898 0.8076 

in lungs > 0.9999 > 0.9999 < 0.0001 0.9083 0.6211 

“Number of Treg-Teff pairs” is equal of number of unique samples tested for corresponding marker 

“HD PBMC” – healthy donors PBMC 

“ns” – not significant, p value >0.05; *p <0.05; ** p<0.01; *** p<0.001; **** p<0.0001 

Supplemental Table 9 
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Supplemental Table 10 

Smoking versus Gender, Crosstabulation 

Gender 
Total 

Males Females 

Smoking 

status 

Never 

smoked 

Count 1 6 7 

% within all 14.3% 85.7% 100.0% 

Former 

smoker 

Count 31 17 48 

% within all 64.6% 35.4% 100.0% 

Current 

smoker 

Count 16 2 18 

% within all 88.9% 11.1% 100.0% 

Total 
Count 48 25 73 

% within all 65.8% 34.2% 100.0% 

Pearson Chi-Square p value is 0.0019 
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Supplemental Table 11 

Antibodies and reagents used for flow cytometry and cell stimulation 

Flow cytometry 

# Name Clone/catalog # Color/Type Manufacturer 

1 CFSE cat# C1157 492/517 nm Life Technologies 

2 Live/dead fixable cat# L34957 405/525 nm Life Technologies 

3 Zombie Yellow 

fixable 

cat# 423103 405/572 nm Biolegend 

4 Zombie Aqua 

fixable 

cat#423102 405/516 Biolegend 

5 Ghost Dye, violet 

510 

cat#13-0870-T100 405/510 Tonbo Bioscience 

5 CD3 HIT3a AF488 Biolegend 

6 CD3 OKT3 eVolve 605 eBioscience 

7 CD4 SK3 APC, Pacific Blue, APC-Cy7, PE, 

FITC, PerCP/Cy5.5, AF647, AF700 

Biolegend 

8 CD4 RPA-T4* APC-Cy7, PerCP/Cy5.5, violetFluor™ 

450 

Biolegend, Tonbo 

Bioscience 

9 CD4 RPA-T4* PE-CF594 BD Biosciences 

10 CD4 OKT4 APC, PE Biolegend 

11 CD8 HIT8a PerCP/Cy5.5, FITC, APC-Cy7 Biolegend 

12 CD8a RPA-T8 FITC, PE-CF594 BD Biosciences 

13 CD15s cat#563526 AF647 BD Biosciences 

14 CD16 368 PerCP Biolegend 

15 CD25 M-A251 PerCP-Cy5.5, APC, FITC Biolegend 

16 CD26 cat#555437 PE BD Biosciences 

17 CD27 cat#302815 APC-Cy7 Biolegend 

18 CD39 eBioA1 (A1) Pe-Cy7 eBioscience 

19 CD45 HI30 FITC, AF700, redFluor™ 710, Pe-Cy7 Biolegend, Tonbo 

Biosciences 

20 CD45RA HI100 Pacific Blue, Pe-Cy7, Brilliant Violet 

785 

Biolegend 

21 CD45RA L48 Pe-Cy7 BD Biosciences 

22 CD45RO UCHL1 PE BD Biosciences, 

Biolegend 

23 CD62L DREG-56 Pe-Cy5, APC-Cy7 BD Biosciences, 

Biolegend 

24 CD64 10.1 FITC Biolegend 

25 CD69 cat#310906 PE Biolegend 

26 CD84 cat#326008 PE Biolegend 

27 CD89 A59 PE Biolegend 

28 CD95 (Fas) DX2 Pe-Cy7 Biolegend 

29 CD101(BB27) cat#331010 AF647 Biolegend 

30 CD120b cat#562909 AF647 BD Biosciences 

31 CD127 A019D5 Brilliant Violet 785, PE Biolegend 

32 CD127 eBioRDR5 FITC, PE eBioscience 

33 CD152 (CTLA-4) BNI3 Pe-Cy5, PE BD Biosciences 

34 CD154 (CD40L) 24-31 eFluor450 eBioscience 
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35 CD161 HP-3G10 PE, AF700 Biolegend 

36 CD183 (CXCR3) 557185 PE BD Biosciences 

37 CD185 (CXCR5) J252D4 PerCP-Cy5.5, AF647 Biolegend 

38 CD194 (CCR4) cat#359403 AF647 Biolegend 

39 CD195 (CCR5) cat#359105 PE Biolegend 

40 CD197 (CCR7) cat#353215 FITC, Pe-Cy7 Biolegend 

41 CD198 (CCR8) cat#FAB1429P-

025 

PE R&D systems 

42 CD278 (ICOS) cat#313510 APC Biolegend 

43 CD279 (PD-1) cat#329952 AF700 Biolegend 

44 CD304 

(Neuropilin-1) 

cat354506 APC Biolegend 

45 CD357 (GITR) cat#311610 APC Biolegend 

46 CXCR4 cat#FAB173P-100 PE R&D systems 

47 FOXP3 PCH101 APC, AF647, FITC, PE, PerCP-Cy5.5, 

eFluor 450 

eBioscience 

48 FOXP3 259D/C7 AF647, PE BD Biosciences 

49 FOXP3 150D PE Biolegend 

50 GARP (LRRC32) 352504 PE Biolegend 

51 Helios 22F6 PE, FITC, APC Biolegend 

52 HLA-DR 307616 Pe-Cy7 Biolegend 

53 Ki-67 cat#561284 PerCP-Cy5.5 BD Biosciences 

54 Ki-67 cat#46-5699-42 PerCP-eFluor® 710 eBioscience 

55 LAP (TGF-β1) cat#349607 APC Biolegend 

56 TIGIT cat#12-9500-42 PE eBioscience 

57 TIM-3 cat#FAB2365A APC R&D systems 

Stimulation/conversion 

1 
CD3 mAbs-coated 

beads 

OKT3 

and 

Dynabeads 

MACS GMP pure and M-

450 Tosylactivated beads 

Miltenyi Biotec and 

Life Technologies 

2 CD3/28 beads Dynabeads 
Human T-Activator 

CD3/CD28 
Life Technologies 

3 CD3, CD28 OKT3, CD28.2 LEAF™ Purified Biolegend 

5 IL-2, human 11011456001 10,000U (5 µg, 1 ml) Roche 

6 TGF-β1 human cat#100-21C 10 ug Peprotech 

*Does not work properly in PrimeFlow assay
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