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Abbreviations

Bovine serum albumin (BSA)

Cancer-associated fibroblasts (CAFs)

Cell surface transmembrane glycoprotein CD200 receptor (CD200R)

Cluster of Differentiation 200 (CD200)

Cluster of differentiation 3 (CD3)

Cluster of differentiation 4 (CD4)

Cluster of differentiation 8 (CDS)

Cluster of differentiation 14 (CD14)

Cluster of differentiation 20 (CD20)

Cluster of differentiation 28 (CD28)

Complementary deoxyribonucleic acid (cDNA)

Cyclin-dependent kinase 4 (CDK4)

Cytotoxic T lymphocyte-associated protein 4 (CTLA-4)

Deoxyribonucleic acid (DNA)

Dri tumor & tissue dissociation reagent (TTDR)

Dulbecco's modified Eagle's medium (DMEM)

Ethylenediaminetetraacetic acid (EDTA)

Extracellular matrix (ECM)



Fetal bovine serum (FBS)

Fluorescence-activated cell sorting (FACS)

Genomic deoxyribonucleic acid (gDNA)

Hepatitis A virus cellular receptor 2 (HAVCR?2)

Human telomerase reverse transcriptase (hTERT)

Immune checkpoint molecules (ICs)

Immune checkpoint inhibitors (ICIs)

Indoleamine-pyrrole 2,3-dioxygenase (IDO)

Interferon-gamma (IFN-y)

Interleukin 4 (IL-4)

Interleukin 6 (IL-6)

Interleukin 10 (IL-10)

Interleukin 12 (IL-12)

Interleukin 13 (IL-13)

Lymphocyte-activation gene 3 (LAG-3)

Magnetic-activated cell sorting (MACS)

Messenger ribonucleic acid (mRNA)

Minimum Essential Medium Eagle - alpha modification (a-MEM)

Mitogen-activated protein kinase (MAPK)



Non-small cell lung cancer (NSCLC)

Peripheral blood mononuclear cells (PBMCs)

Phosphate-buffered saline (PBS)

Programmed cell death protein 1 (PD-1)

Propidium iodide (PI)

Pulmonary artery (PA)

Ribonucleic acid (RNA)

Real-time polymerase chain reaction (RT-PCR)

Roswell park memorial institute medium (RPMI1640)

Short hairpin ribonucleic acid (shRNA)

T-cell immunoglobulin and mucin-domain containing-3 (TIM-3)

T cell immune-receptor with Ig and ITIM domains (TIGIT)

Transforming growth factor-beta (TGF-f3)

Tumor-infiltrating lymphocytes (TILs)

Tumor microenvironment (TME)

Tumor necrosis factor-alpha (TNF-a)



(A.) Introduction

Tumor is a chaotic complex, which is including not only cancer cells but also stromal

cells, tumor-infiltrating immune cells and extracellular matrix (ECM). The interactions

between those various components are playing key roles in sharping hallmarks of cancer,

and also have a huge influence on outcomes of cancer therapies [1, 2]. For the past few

decades, increasing numbers of studies have been focused on this so-called tumor

microenvironment (TME). As one of the most abundant stromal cell types within TME,

cancer-associated fibroblasts (CAFs) were widely reported about their important roles in

tumor progression, therapeutic process, and also their potential as therapeutic targets [3-6].

As non-professional antigen-presenting cells, CAFs are reported to produce different kinds

of cytokines to influence the immune balance within tumor tissue [7-10]. Beyond indirect

cell-cell interaction in shaping a tumor-favor immune microenvironment, studies have

shown that CAFs may also present immune checkpoint molecules to directly suppress

tumor infiltrating immune cells [9-11].

Based on a further understanding in both immunology and TME, the discovery of

immune checkpoints has proven to be one of the most important advancements for cancer

therapy development. Immune checkpoints are the key molecules that act as brakes to

restore immune homeostasis after diseases, and those molecules are hijacked by cancer cells

to inhibit immune activities. The currently most well studied checkpoints are programmed



cell death protein 1 (PD-1) and cytotoxic T lymphocyte-associated protein 4 (CTLA-4).

Immune checkpoint inhibitors (ICIs) have already been administered as first-line treatments

for advanced-stage non-small cell lung cancer (NSCLC) patients. Compared with standard

chemotherapy, ICIs have led to promising, durable responses and exhibited possible

benefits for long-term survival [12, 13].

CD200R and its ligand, CD200, have also been reported to be functional immune

checkpoints. To date, it is well documented that the interaction between CD200 and

CD200R triggers an immune suppression signal to inhibit the RAS/MAPK signal cascades,

resulting in a decrease in the production of inflammatory cytokines and an increase in the

anti-inflammation cytokine secretion [14-18].

The potential of CD200-CD200R has been widely discussed in the context of diseases

or therapies related to the immune system, such as arthritis, infection and transplantation

[19-21]. Many previous studies have claimed that CD200 expressed by cells of melanoma,

ovarian cancer, breast cancer and hepatocellular carcinoma, can interact with CD200R,

which is a prognosis factor or even a biomarker for cancer stem cells [22-25]. Meanwhile,

CD200R was reported as a prognosis factor in lung cancer, and high stromal CD200R

expression was strongly connected with non-adenocarcinoma histological types (e.g.,

squamous cell carcinoma and other subtypes), and also with advanced disease stage [26].

The expression of CD200R is restricted to the surfaces of immune cells, such as



monocytes, macrophages, neutrophils and dendritic cells from the myeloid lineage and T

cells and B cells from the lymphoid lineage [14-16, 27]. On the other hand, CD200 is

reported to be widely distributed among cells of both hematopoietic and non-hematopoietic

origins, such as neurons, endothelial cells, fibroblasts, and multiple types of cancer [28-31].

Although ICIs have already achieved a great achievement in treatments of several types

of cancer, there are still certain ratios of patients who show no response to ICI therapy.

Investigations in reliable biomarker and novel checkpoints are intensely required in order to

enhance the efficacy of ICIs. In this study, we attempted to investigate the distribution of

CD200 and CD200R within NSCLC and also test the function of this axis with a co-culture

system. Various expression of CD200R between T cells extracted from tumor tissue and T

cells from dissected lung pulmonary artery (PA) blood were confirmed. At the same time,

co-expression of CD200R with three other immune checkpoint molecules, PD-1, CTLA-4

and TIM-3, were also found within tumor infiltrating T cells.

(B.) Investigation of CD200-CD200R axis between CAFs and immune cells

I. Aim

Checking the genericity of CD200-expressing CAFs within NSCLC

Identifying immune cells expressing CD200R within NSCLC

Investigating functions of CD200-CD200R axis between CAFs and immune cells



II. Results

1. Investigation of CD200 RNA and protein expression within CAF library

In order to confirm the genericity of CD200-expressing CAFs among NSCLC

patients, we investigated CD200 mRNA and surface protein expression level with

quantitative real-time polymerase chain reaction (QRT-PCR) and fluorescence-activated

cell sorting (FACS) analysis among our pre-established CAF library [32, 33]. Among 19

cases of CAF samples, 6 samples have shown mRNA expression of CD200 (shown in Fig.

1A), with sample 608 taken as the positive control, which was the case reported in our

previous study [28]. For FACS analysis, 4 samples were classified as positive samples

with surface expression of CD200 higher than 5% among entail populations (shown in

Fig. 1B; Supplementary Fig. S1A, S1B, S1C). Taking together, 4 cases among 19 CAF

samples were constantly express CD200 at both mRNA and membrane protein levels,

which confirmed that CD200-expressing CAFs are not a single case report. The

pathological characteristics of these 19 cases were also taken into investigated, which has

shown no significant correlation with any common characteristics (shown in Table. 1).

2. Life extension and construction of CD200 overexpress and shRNA knockdown CAF

cell lines

As the primary culture cells have a limited life span, life extension of picked-up
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CAF strains was conducted with lentivirus-mediated gene transfer of human telomerase

reverse transcriptase (hTERT) and a mutant form of cyclin-dependent kinase 4

(CDK4R24C). Successful transfection of hTERT and CDK4 was confirmed with both

fluorescence and RT-PCR (shown in Fig. 2A; Supplementary Fig. S2A). Sample 1228 is

considered as a negative sample which was transfected with over-expression vector, and

721pm is considered as the most positive sample, which was knocked down with shRNA.

The establishment of CD200 overexpress and shRNA knockdown CAF cell lines were

confirmed with FACS analysis (shown in Fig. 2B, 2C; Supplementary Fig. S2B).

3. Investigation of CD200R expression within tumor-infiltrating leukocytes in NSCLC

To confirm whether the expression of CD200R is mainly limited to cell populations

of the myeloid lineage, tumor-infiltrating leukocytes were collected through the

enzymatic digestion of dissected tumor specimens for flow cytometry analysis (shown in

Fig. 3A, 3B; Supplementary Fig. S3). Among the infiltrating immune cells, CD3+ T cells

accounted for an average of 46.55% of all the extracted cells (shown in Fig. 3B, 3C),

which was significantly higher than the proportions of monocytes (CD14+; 11.94%) and

B cells (CD20+; 17.61%). In addition, CD200R was expressed on the surface of 70.52 %

of CD3+ T cells (shown in Fig. 3D), and this expression was significantly higher than

that of CD14+ cells (46.64%) and CD20+ cells (61.00%).
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4. Investigation of CD200R expression within peripheral blood mononuclear cells

(PBM(Cs) extracted from pulmonary artery (PA) blood

Next, peripheral blood mononuclear cells (PBMCs) were collected from the

pulmonary artery (PA) blood of resected lung specimens, and a similar proportion of

CD200R+ cells were observed; of these CD200R+ cells, T cells were most abundant

among the extracted immune cells (shown in Fig. 4A, 4B; Supplementary Fig. S4A). In

contrast to tumor-infiltrating T cells, only 55.06% of CD3+ T cells extracted from PA

blood were found to have CD200R expression (shown in Fig. 4B, 4D). To further

characterize CD200R+ T cells, magnetic-activated cell sorting was conducted to purify

CD3+ T cells from all PBMCs, to evaluate the expression levels of CD200R on CD4+

and CD8+ T cells (shown in Fig. 4C; Supplementary Fig. S4B, S4C, S4D). As Figures 4D

and 4E show, both CD4 (73.71%) and CD8 T (66.05%) cells expressed CD200R.

5. Construction of the co-culture system and check for CD200-CD200R axis

interaction between CAFs and immune cells

To investigate the CD200-CD200R axis, a co-culture system has been constructed,

which the expanded T cells (extracted from PA) were seeded into culture dishes with

either CD200-negative or CD200-positive CAFs (shown in Fig. 5). After 48 hours of

co-culture, T cells were collected for downstream assays by centrifugation of supernatant
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of the co-culture system. Similar co-culture system was applied to myeloid cell lines

THP-1 and U937 (shown in Supplementary Fig. S5).

The cytokine expression pattern was first checked with RT-PCR to confirm the

influence of interactions between CAFs and T cells. However, neither pro-inflammatory

cytokines (Interferon-gamma: IFN-y; Tumor necrosis factor-alpha: TNF-a) nor

anti-inflammatory cytokines (Transforming growth factor-beta: TGF-f, Interleukin 4:

IL-4, IL-10 and IL-13) expressed by T cells have shown a significant difference between

co-culture with CD200-negative or CD200 overexpressed CAFs (shown in Fig. 6A;

Supplementary Fig. S6A). Although THP-1 cell line has shown downregulation of IL-6

after co-culture with CD200-expressing CAFs, a similar phenomenon was not found with

U937 cell lines (shown in Supplementary Fig. S6B, S6C).

For the functional assay, T cell apoptosis levels were checked with Annexin V and

propidium iodide (PI) staining by FACS analysis, which no significant differences of

apoptosis or necrosis levels were found among 3 samples (shown in Fig. 6B).

To further confirm the interaction between CD200 and CD200R, the recombinant

CD200 protein was added into the culture medium of T cells in different concentration

from 0 to 100 ng/mL. No dose-dependent pattern of cytokine expression was observed

(shown in Fig. 7A; Supplementary Fig. S7A). In addition, a blocking antibody of

CD200R (50 pg/mL) was added into medium of the co-culture system so as to interfere
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with the CD200 and CD200R interaction between cells. As showed in Figure 7B, the
up-regulation of IL-4 cannot be cancelled by introducing a CD200R-blocking antibody.
Similarly, the downregulation of IL-6 observed in THP-1 cell line also cannot be
neutralized with a CD200 blocking antibody (30 pg/mL) or CD200R knock-down

(shown in Supplementary Fig. S7B).

III. Discussion

The previous study from our group confirmed the existence of a subpopulation of
CAFs with CD200 expression within one single case. Through checking CAF library
which was pre-established within our lab, CD200+ CAFs were found about roughly
20-25% in NSCLC samples.

Surprisingly, despite most of the previous studies focused on CD200R expression
among myeloid-lineage cells, our result indicated that TILs were dominated with
CD200R-expressing T cells. This suggested that CD200R may potentially not only
participate in the innate immune response but also have a role in the adaptive immune
response. Further study of this dual characteristic of CD200R is required.

Unfortunately, the attempt to prove any direct cell-cell interaction or molecule
interactions between fibroblasts and immune cells were failed. It is predicted that the

efficiency of interactions between adhesion cell lines (CAFs) and suspension cells
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(immune cells) was not reproducible within this co-culture system. In addition to that, the

heterogeneity of extracted T cells may also contribute to the complex results, as

components varied from patient to patient. The established co-culture system was not

suitable to confirm or ensure the interaction among CD200-expressing CAFs and

CD200R-expressing immune cells, which was one of the main limitations of this study.

Lacking in commetially available antibodies for phosphorelated CD200R and several

downstream proteins also restrained our options for inspectation.

For revealing the interaction of CD200-CD200R axis within tumor tissue, the

better approach might be to construct an in vivo model or an ex vivo model, such as a

mouse or organoid model. Both mouse model and organoid model were aiming to

stimulate a more vivid tumor microenvironment in comparison to traditional 2D culture.

It is predicted that a more compact, solid vivo model may provide us with a chance of

direct cell-cell interaction.

(C.) Investigation of CD200R and multiple immune checkpoint molecules among T cells

in NSCLC

I. Aim

Investigation the difference of CD200R expression between the PA blood cells and

TILs and their various in immune checkpoint profiles.
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II. Results
1. A higher proportion of CD200R expression in tumor-infiltrating T cells compared
with peripheral blood T cells
To further confirm the differences in CD200R expression between tumor-infiltrating
T cells and PA blood-derived T cells, MACS-sorted CD3+ T cells from paired PA blood
and TIL samples (shown in Fig. 8A, 8B) were analyzed. Twelve samples of T cells
showed that tumor-infiltrating T cells were dominated by CD200R+ T cells, compared to
peripheral blood T cells (shown in Fig. 8A). Moreover, similar results were obtained in 3
paired samples of PA blood and tumor tissue (shown in Fig. 8B). On the other hand,
CD8+ cells tend to be the main reason for this increase in the CD200R+ population
(shown in Supplementary Fig. S8A), while those numbers in CD4+ cells might differ

from sample to sample (shown in Supplementary Fig. S8B).

2. Co-expression of CD200R and multiple immune checkpoints

Given that CD200R is an immune checkpoint which regulates immune cell activity,
we investigated cells collected from the paired PA blood and tumor specimens by FACS
analysis, to determine whether other immune checkpoints may be upregulated and
co-expressed with CD200R. An average of 52.02% of tumor-infiltrating T cells expressed

both PD-1 and CD200R (shown in Fig. 9A, left). In comparison, only an average of
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23.21% of T cells extracted from PA blood expressed both PD-1 and CD200R. Similarly,

co-expression of PD-1 and CD200R was also significantly increased among CD4+

(1.61-fold) and CD8+ (1.79-fold) T cells when comparing T cells derived from PA blood

and those derived from tumor tissue (shown in Fig. 9A right; Supplementary Fig. S9A,

S9B, left; S9C, S9D). For CTLA-4 and TIM-3, both of these checkpoints showed a

limited level of expression on the surface of CD3+ T cells derived from PA blood

(CTLA-4: 1.19%; TIM3: 0.89%; shown in Fig. 9B, 9C, left). Among tumor-infiltrating T

cells, CTLA-4 was co-expressed with CD200R on 21.88% of CD4+ T cells and 20.75%

of CD8 cells, which was significantly up-regulated compared to paired PA samples

(shown in Fig. 9B, 9C; Supplementary Fig. S9A, S9B, middle and right). Moreover, as

Figure 3C shows, co-expression of TIM3 and CD200R was limited to CD8 T cells and

showed differences between the PA and TIL samples.

3. A high level of immune checkpoint expression in the CD200R-high group confirmed

by public database

To confirm that the co-expression of CD200R and other immune checkpoints can be

generalized to a wider population, an analysis of a TCGA lung adenocarcinoma database

was introduced into this study. Based on the median CD200R mRNA (CD200R1)

expression level, 517 samples were separated into the CD200R-high and CD200R-low

17



groups (or the CD200-high and CD200-low groups). The mRNA expression levels of 6

immune checkpoints, including PD-1 (PDCDI), CTLA-4, TIM-3 (HAVCR2),

lymphocyte activation gene 3 (LAG-3), T cell immune-receptor with Ig and ITIM

domains (TIGIT), indoleamine-pyrrole 2,3-dioxygenase (IDO1), and the correlations of

these molecules with CD200R1 were investigated. All six immune checkpoints showed

significantly higher expression levels in the CD200R-high group (shown in Fig. 10 and

Fig. 11). At the same time, the other immune-related genes also have shown a similar

tendency (shown in Supplementary Fig. S10). As shown in Supplementary Fig. S11, the

correlation of CD200 and CD200R mRNA expression, the overall survival and

disease-free survival were also investigated.

III. Discussion

In this study, we demonstrated that CD200R was highly expressed in

tumor-infiltrating T cells in NSCLC, and CD200R was highly co-expressed with multiple

immune checkpoints. Most studies only focused on CD200R expression and its function

among myeloid lineage cells [16, 18, 29]. However, our results demonstrated that both B

cells and T cells express CD200R. Based on the current model of the cancer-immune

cycle [34], those T cells collected from cancer patients PA were recruited from nearby

lymph nodes and were activated by antigen-presenting cells. The PA blood used in the
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experiments was considered to be the inflow tract into the lung tissue, delivers blood

circulating immune cells into the tumor. The significant differences of the immune

checkpoint profile between the inflow tract of PA blood and accumulated

tumor-infiltrating immune cells suggested that significant changes to their phenotype may

have happened, and these changes might be due to the changes in the surrounding

microenvironments, which also reinforced by the results of public database analysis.

It is well reported that most tumor-infiltrating T cells have entered the stage of

exhaustion or dysfunction [35]. Many studies have confirmed that the exhausted or

dysfunctional T cells simultaneously express multiple immune checkpoints, including

PD-1, CTLA-4, TIM-3, LAG-3 and TIGIT [36-39]. Different levels of checkpoint

co-expression represent highly heterogenic T cell populations with different stages of

exhaustion, for example, a subpopulation of T cells with expressing both of PD-1 and

TIM-3 was well reported as a terminal exhausted group with no polyfunctionality

retained [40-42]. It is widely accepted that before T cells differentiated into the terminal

exhausted stage, dysfunction of T cells might be refined through the introduction of IClIs,

such as anti-PD1 [43, 44], which can tip the balance of immune microenvironments from

cold (inhibitory) to hot (activating). One of the previous studies claimed that CD4 T cells

increased CD200R expression level and loss of multifunctional potential during chronic

infection [45], which might have happened similarly inside tumor tissue. The fact that
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CD200R is also largely co-expressed with other checkpoints inside tumor suggests that

tumor-infiltrating T cells have entered the exhaustion stage. A combination of CD200R

and other checkpoints might be able to act as biomarkers, which can specify a subgroup

of T cells with a certain level of exhaustion. Furthermore, combinational blockage

strategies of multiple immune checkpoint molecules have been designed aiming to

broaden the horizon for ICIs [46-49], targeting CD200R together with other checkpoints

could be a promising candidate to restore T cell activities. Although checkpoint molecules

were known to have a completely different mechanism, which requires a further detailed

study of CD200-CD200R axis pathway. Currently, An inhibitor of CD200 has entered

into a clinical trial for chronic lymphocytic leukemia and multiple myeloma [50], the

results of a lung cancer study claimed that CD200 might be a favorable prognostic factor

[26]. Moreover, our previous study has indicated that CD200 might potentially augment

cancer cell sensitivity to chemotherapy [28, 51], which suggested that CD200 may

potentially have functions other than immune modulation.

(D.) Conclusion

In conclusion, our research investigated the expression level of a pair of immune

checkpoint molecules, CD200 in CAFs, and CD200R in PA blood and TILs within

NSCLC. The CD200-expressing CAFs were confirmed more general than one rare single
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case. However, our attempt to confirm the interaction between CAFs’ CD200 and

CD200R expressed on the surface of either T cells or myeloid cell lines were failed,

presumably due to the unreliability of our established co-culture system.

On the other hand, the tumor-infiltrating T cells were found to be more strongly

dominated by CD200R expressing T cells, compared to the T cells from PA blood.

Moreover, the expression of CD200R largely overlapped with that of other immune

checkpoints, including PD-1, CTLA-4 and TIM-3. Considering this finding,

co-expression of CD200R and other immune checkpoints might be a good biomarker of T

cell phenotypic changes or even a potential target for immune-therapy.

Considering the main limitation of our study, an urgent request for future study

would be constructing a more reliable vivo model as aforementioned. Introducing a

stabilized model will be helpful for downstream metabolic analysis, epigenetic studies or

transcriptomic study that may further elucidate the subpopulations of CD200R+ T cells

and exhausted cells. For example, a transcriptomic analysis of high, intermediate and no

or low CD200R expression might give us a better view of the big picture of T cell states,

similar to the previous study [43]. Based on the constructed model and results of

downstream assays, testes of administrating of immune checkpoint inhibitor would also

be an option, which can further elucidate the molecular mechanism of CD200-CD200R

axis and their potential of being biomarkers or drug targets.
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(E.) Materials and Methods

1. Cell culture

The human monocytic cell lines THP-1 and U937 were received as gifts from the

Division of cancer immunotherapy (Dr. Yasushi Uemura). The primary culture of CAFs

was established in previous studies from samples [32, 33], which were obtained from

surgically resected lung tissue at National Cancer Center Hospital East.

The THP-1 and U937 cells were maintained in Roswell park memorial institute

medium (RPMI1640; Sigma-Aldrich, Missouri, United States) supplemented with 10%

fetal bovine serum (FBS; Life Technologies, California, United States), 1% Penicillin

Streptomycin (Sigma-Aldrich). T cells were maintained in RPMI1640 supplemented

with 10% FBS, 1% Penicillin Streptomycin and IL-2 (BioLegend, California, United

States). CAF cells were maintained in Minimum Essential Medium o (MEM-a; Gibco,

Langley, United States) with 10% FBS and 1% penicillin and streptomycin. All cells

were incubated at 37 °C in a humidified atmosphere containing 5% COx.

2. Lentivirus-mediated gene transfer

For life extension of CAFs, lentiviruses were provided by the HEK293T cells

co-transfected with CSII-CMV-RfA-IRES2-Venus plasmid containing hTERT [32],

CSII-CMV-RfA-IRES2-Venus contain CDK4R24C [33], packaging vector
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pCMV-VSV-G-RSV-Rev (RIKEN BioResource Center, Tsukuba, Japan), and

packaging vector pCMV-HIV (RIKEN BioResource Center), using Lipofectamine

2000 transfection reagent (Invitrogen, California, United States.) according to the

manufacturer’s instructions. Vector-containing medium was filtered through a 0.45-pm

filter (Merck Millipore, Massachusetts, United States), and 8 pg/mL of polybrene

(Santa Cruz Biotechnology, Texas, United States) was added for target cell transduction.

Detailed procedures and mechanism were fully explained in our prvious study [32].

The fluorescent signal of Venus proteins was observed by fluorescence microscope

(shown in Supplementary Fig. S2).

Construction of shRNA with LR recombination

To create entry clones, the top and bottom strands of each CD200R shRNA

oligonucleotide were annealed and ligated into pENTR4-H1 (RIKEN BioResource

Center). Thereafter, LR recombination reactions were performed between the entry

clones and CS-RfA-EG (RIKEN BioResource Center) using Gateway LR Clonase

(Thermo Fisher Scientific, Massachusetts, United States). Lentiviruses were produced

using HEK293T cells co-transfected with packaging constructs pCAG-HIV,

pCMV-VSV-G-RSV-Rev and vectors containing CD200R shRNA or control vector

containing luciferase. Infection was achieved as aforementioned. Stable transformants
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of CD200R knocked down THP-1 cells were confirmed with a FACS Accuri C6 plus

(BD Biosciences, New Jersey, United States). The sequence of used shRNA was listed

in Supplementary Table S2, and all vectors used were shown in Supplementary Fig.

S12.

Tumor-infiltrating leukocytes (TILs) extraction

Human lung specimens were obtained from the surgically resected lung tissues of

non-small cell lung cancer (NSCLC) patients at National Cancer Centre Hospital East.

This retrospective study was approved by the National Cancer Ethical Review Board

(IRB approval number; 2005-043). De-identified tissue specimens were received by

research staff directly after the surgeries. The tissue specimens were plated on a culture

dish containing Dulbecco’s Modified Eagle Medium (DMEM: Sigma-Aldrich) and cut

into small pieces with sterilized scissor and tweezer. The minced specimens were then

transferred to a 50-mL centrifuge tube with pre-prepared BD Horizon™ Dri Tumor &

Tissue Dissociation Reagent (TTDR; BD Biosciences) according to the manufacturer’s

instructions. The mixture was placed in a 37°C water bath for 30 minutes with frequent

agitation until the tissue was enzymatically dissociated into a single-cell suspension.

The enzymatic reaction was stopped by washing with phosphate-buffered solution

(PBS; Sigma-Aldrich) with 1% bovine serum albumin (BSA; Life Technologies) and
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ethylenediaminetetraacetic acid (EDTA; final concentration 2mM; Sigma-Aldrich). The

cell suspension was pooled with the stored supernatant and filtered through a 70-pm

filter (Corning Inc. New York, United States). After centrifugation at 300g for 10min,

the pelleted samples were treated with 2mL Ix BD Pharm Lyse Buffer (BD

Biosciences) for 15min at room temperature to remove the erythrocytes. The reaction

was neutralized with 40 mL PBS containing 1% BSA and 2mM EDTA. After

centrifugation at 300g for 10min, the TIL layers in the tubes were collected and

counted with a haemocytometer for downstream assays.

Peripheral blood mononuclear cell isolation and collection

Human peripheral blood was isolated with heparin (Mochida Pharmaceutical Co.,

Ltd, Tokyo, Japan)-coated 10mL syringe from the pulmonary artery (PA) of surgically

resected primary lung cancer tissues as previously reported [52]. Peripheral blood

mononuclear cells were isolated through centrifugation with BD Vacutainer Evacuated

Blood Collection Tubes (BD Bioscience) at room temperature in a horizontal rotor for

30 minutes at 1800 RPM according to the manufacturer’s instructions. After

centrifugation, the blood mononuclear cell layers in the tubes were collected and

washed once with 20mL cold PBS containing 1% BSA. Cells were counted with a

haemocytometer for downstream assays.
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6.

T cell purification through magnetic-activated cell labelling and sorting

The immune cells obtained from the tumor tissue or PA blood were resuspended
with pre-prepared cold magnetic-activated cell sorting (MACS) buffer (PBS containing
1% BSA and 2mM EDTA). Cells were labelled with anti-CD3 antibody-conjugated
microbeads (20 pL per 107 total cells; Miltenyi Biotec, Bergisch Gladbach, Germany)
for 15 minutes at 4 °C. After centrifugation for 10 minutes at 300 g, the supernatant
was aspirated and cell pellets were resuspended in 0.5 mL MACS buffer for subsequent
magnetic cell separation.

Magnetic-labelled T cells were positively selected by passing through a medium
MACS column in the magnetic field of a MACS Separator. Columns were washed 3
times with MACS buffer, unlabelled cells that pass through were collected for purity
check. After removing columns from the separator, the magnetically labelled T cells
were flushed out with ImL added buffer by pushing the plunger into the column. After
centrifugation, T cells were resuspended and counted with a haemocytometer for
downstream assays. The purity of CD3" T cells was further confirmed with flow

cytometry analysis by checking collected PBMC, unlabelled, and labelled cells.
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7. Pan T cell activation and expansion

Culture of T cells constantly requires human recombinant IL-2 (BioLegend,
California, United States) to ensure cell viability. Activation and expansion of T cells
require further stimulate cells with anti-CD3 and anti-CD28 antibody (BioLegend).
Purified T cells were seeded with a density of 1 x 107 cells in 10 mL full RPMI
Medium supplemented with IL-2 (600 IU/mL) per well of a 6-well plate. Prepared
anti-CD3 and anti-CD28 antibody (20 nM/mL) was added onto the cell suspension.
The mixture was incubated at 37 °C in a humidified atmosphere containing 5% CO; for
2 days when cell clumps were clearly observed. All antibodys used were listed in

Supplementary Table S1.

8. Co-culture system
For the co-culture system of T cells and CAFs (shown in Fig. 5), the
Venus-labeled CAFs (2.5 x 10° cells) were plated into each well of 6-well plates. After
24 hours when CAFs have attached to the surface of the petri dish, pre-activated T cells
(48 hours stimulation with IL-2, anti-CD3 and anti-CD28 antibody) were added into
each well at a density of 7.5 x 10° cells per well. The culture medium was replaced and
changed to a 1:1 ratio mixture of CAF culture medium (MEM-a) and T cell culture

medium (RPMI1640 with IL-2). After 48 hours of co-culturing, the medium was
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collected together with T cells, which later resuspended in FACS buffer or lysed for
qRT-PCR analysis. For blocking assay, a CD200R blocking antibody (R&D Systems,
Minnesota, United States) was added into the co-culture system together with T cells at
the concentration of 50 pg/mL according to the manufacturer’s instructions.

For the co-culture system of THP-1 cells and CAFs (shown in Supplementary Fig.
S5), the sorted THP-1 cells were stimulated with IL-4 (20 ng/mL; Shenandoah
Biotechnology Inc., Pennsylvania, United States) for CD200R expression.
Venus-labeled CAFs (2.5 x 10° cells) were seeded into each well of 6-well plates. After
24 hours, IL-4 stimulated THP-1 cells were added into each well at the density of 7.5 x
10° cells per well. The culture medium was replaced and changed to a 1:1 ratio mixture
of CAF culture medium (MEM-a) and THP-1 cell culture medium (RPMI1640). After
48 hours of co-culturing, the medium was collected together with THP-1 cells, which
later washed once with PBS and then lysed for qRT-PCR analysis. For blocking assay,
a CD200 blocking antibody (R&D Systems) was added into the co-culture system
together with THP-1 cells at the concentration of 30 pg/mL according to the
manufacturer’s instructions. All recombinant proteins and antibodies used were shown

in Supplementary Table S1.
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9. Quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR)

Collected cells were washed once with cold PBS and suspended in 1 ml of TRIzol

(Life Technologies) and total RNA was extracted. The cDNA was synthesized using the

PrimScript RT reagent Kit with gDNA Eraser (Takara Bio, Shiga, Japan), according to

the manufacturer’s protocol. RT-PCR was performed in a Thermal Cycler Dice

Real-Time System II (TaKaRa) using SYBR Premix Ex Taq II (TaKaRa) and Real-time

PCR Primers (h\TERT, CDK4R24C, CD200, IFN-y, TNF-a, TGF-1, IL-4, IL-6, IL-10,

IL-12b, VEGFA, CCL2, CSF-1, CXCL12, GAPDH). The sequences of all primers used

were shown in Supplemental Table S3.

10. Fluorescence-activated cell sorter (FACS) analysis

The expression of cell surface antigens was determined by using multi-color

immunofluorescence staining and a minimum of 10,000 events were counted with

FACSDiva software (BD Bioscience). The conjugated antibodies used included the

CD3-APC (clone: UCHT1), CDI14-APC (clone: 63D3), CD20-APC (clone: 2H7),

CD4-APC, CD4-Alexa Fluor 700 (clone: RPA-T4), CD8a-APC, CD8a-Alexa Fluor

700(clone: HIT8a), CD200R-PE, CD200R-APC (clone OX-108), CD279-PE (clone:

EH12.2H7), CD152-PE (clone: L3D10), CD366-PE (clone: F38-2E2; BioLegend). The

fluorescence-conjugated mouse IgG1 (PE, APC & Alexa Fluor 700; clone: MOPC-21)
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and mouse IgG2b (APC; clone: MPC-11) « isotype Ctrl antibodies (BioLegend) were
used as negative controls. Detailed information of all conjugated antibodies used was
listed in Supplementary Table S4. In brief, 100-pul of cell suspension (containing 5 X
10° cells) were incubated with 5 pl of conjugated antibodies for one hour at 4°C in the
dark according to the manufacturer's protocol. Excess antibodies were removed by
washing the cells with PBS (containing 3% FBS). FACS analysis was performed by
using a FACS Aria II or FACS Accuri C6 plus (BD Bioscience) as indicated in figure
legends. Single-spectrum staining of the aforementioned reagents was used for
compensation. The final analysis of data was conducted with Flowing Software ver
2.51, which was  developed by  Perttu  Terho  (accessed  from

http://www.flowingsoftware.com).

The CD200R-expressing THP-1 and U937 cells were sorted by FACS analysis by
using a FACS Aria II (BD Biosciences) after labelled with a fluorescence conjugated
CD200R antibody.

Annexin V apoptosis assay was performed with T cells after co-culturing. cells
were resuspended in Annexin V Binding Buffer at a concentration of 0. 5 x 10’
cells/mL, and then stained with 5 pL of APC Annexin V and 10 pL of Propidium
Iodide Solution. After 15 min of incubation at room temperature (25°C) in the dark,

400 pL of Annexin V Binding Buffer were added to each tube. The Annexin V
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apoptosis assay was analyzed with FACS Accuri C6 plus with proper machine settings

according to the manufacturer’s instructions.

11. Public database analysis
To explore whether the results could be generalized to a wider population, an
analysis was conducted of a TCGA mRNA expression dataset that included 584
primary lung adenocarcinoma patients by using the cBioPortal for Cancer Genomics
website (53, 54). Based on the median CD200R1 gene expression, all the samples were
divided into 2 groups (the CD200R-high and CD200R-low groups). The correlations
between the gene expression of CD200R1 and the gene expression of 6 different

immune checkpoints and other 9 immune-related genes were evaluated.

12. Statistical analysis
The significance of differences between any two groups was examined by using
Student’s t-test (paired or non-paired t-tests as indicated), and P < 0.05 was considered

as statistically significant unless stated otherwise.
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(H.) Figure Legends

Table. 1. Pathological characteristics of CD200-expressing CAFs within 19 cases.

Fig. 1. Investigation of CD200 expression within CAF library.

(A) CD200 mRNA expression among 19 CAF samples by RT-PCR.

(B.) CD200 protein expression among 19 CAF samples analyzed with FACS Accuri.

Fig. 2. Life extension and construction of CD200 overexpress and shRNA knockdown CAF

cell lines.

(A)) The mRNA expression of hTERT and CDK4 within selected CAF samples by

RT-PCR.

(B.) CD200 protein expression within CD200 shRNA knockdown CAF sample analyzed

with FACS Accuri.

(&9 CD200 protein expression within CD200 overexpress CAF sample analyzed with

FACS Accuri.

Fig. 3. CD200R expressing cells within tumor-infiltrating leukocytes (TILs)

(A) Gating strategy for lymphocytes (R-1) and monocytes (R-2), and selecting for single
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cells (R-4).

(B.) FACS analysis (FACS Aria) of CD200R+ cells in CD3 (left), CD14 (middle) and

CD20 (right) cells.

(O8] The proportion of CD3+ T cells, CD14+ monocytes and CD20+ B cells within

extracted TILs.

N=10, Asterisk, P < 0.05 according to Student’s t-test.

(D)) The proportion of CD200R+ cells within each cell populations.

N=10, Asterisk, P < 0.05 according to Student’s t-test.

Fig. 4. CD200R expressing cells within peripheral blood mononuclear cells (PBMCs)

extracted from pulmonary artery (PA) blood analyzed with FACS Aria.

(A) Gating strategy of PBMCs extracted from PA blood.

(B.) FACS analysis of CD3+ T cells (left), CD14+ monocytes (middle) and CD20+ B

cells (right) in PA blood from one NSCLC sample.

(C) Purity analysis of MACS-sorted CD3+ T cells extracted from PA blood.

(D.) The proportion of T cells with CD200R+/CD3+, CD200R+/CD4+ or

CD200R+/CD8+ among all CD3+ T cells extracted from PA blood.

N=12, Asterisk, P <0.05 according to Student’s t-test.

(E.) The proportion of CD200R+ cells within the CD4 and CDS8 T cell populations.
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N=12, Asterisk, P <0.05 according to Student’s t-test.

Fig. 5. Scheme of co-culture system for CD200-CD200R axis interaction between CAFs and T

cells.

Fig. 6. Investigate cytokine expression pattern and functional assay for checking

CD200-CD200R axis interaction between CAFs and T cells.

(A) The mRNA expression level of multiple cytokines was checked with RT-PCR among

two T cell samples.

(B.) T cell apoptosis and necrosis level were checked with Annexin V and PI by FACS

analysis (FACS Accuri).

Fig. 7. Investigate cell-cell interaction and CD200-CD200R interaction between CAFs and T

cells.

(A) The mRNA expression level of multiple cytokines was checked with RT-PCR among

two T cell samples with different concentration of recombinant CD200.

(B.) The mRNA expression level of IL-4 was checked with RT-PCR among two T cell

samples co-cultured with CAFs with a CD200R blocking antibody.
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Fig. 8. Comparison of the proportions of CD200R+ T cells in PA blood and TILs analyzed

with FACS Aria.

(A.)

(B.)

The proportion of CD200R+ T cells in CD3+ cells from the PA and TIL (non-paired)

samples.

N=12, Asterisk, P < 0.05 according to non-paired Student’s t-test.

The proportion of CD200R+ T cells in CD3+ cells from the PA and TIL (paired)

samples.

N=3; analyzed with paired Student’s t-test.

Fig. 9. Co-expression of other immune checkpoints in T cells analyzed with FACS Aria.

(A.)

(B.)

The proportion of T cells co-expressing CD200R and the immune checkpoint PD-1

within CD3+ (left), CD4+ and CD8+ T cells (right) from the paired PA and TIL

samples.

N=3; conducted with Student’s t-test.

The proportion of T cells co-expressing CD200R and the immune checkpoint

CTLA-4 within CD3+ (left), CD4+ and CD8+ T cells (right) from the paired PA and

TIL samples.

N=3; analyzed with Student’s t-test.

46



) The proportion of T cells co-expressing CD200R and the immune checkpoint TIM-3

within CD3+ (left), CD4+ and CD8+ T cells (right) from the paired PA and TIL

samples

N=3; analyzed with Student’s t-test.

Fig. 10 and Fig. 11. The expression of CD200R in lung adenocarcinoma and its correlation

with immune checkpoints according to public database analysis.

Comparing the co-expression of mRNA between samples, separated according to

medium expression valve (CD200R-low and CD200R-high group). Cohort: lung

adenocarcinoma (TCGA, Source data from GDAC Firehose), 517 samples derived

from 516 patients. (PDCD1: PD-1; HAVCR2: TIM-3; LAG-3, CTLA-4, TIGIT,

IDO1).

Supplementary Fig. S1.

(A) Surface protein expression of CD200 within CAF 608 analyzed with FACS Accuri.

(B.) Surface protein expression of CD200 within CAF 721pm analyzed with FACS

Accuri.

() Surface protein expression of CD200 within CAF 1228 analyzed with FACS Accuri.
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Supplementary Fig. S2.

(A) Lentivirus-mediated gene transfer of hTERT and CDK4R24C.

(D)) Surface protein expression of CD200 within CD200 shRNA knockdown CAF sample

analyzed with FACS Accuri.

Supplementary Fig. S3.

Negative controls for lymphocytes (R-1) and monocytes (R-2) analyzed with FACS Aria.

Supplementary Fig. S4.

(A) Purity analysis (FACS Aria) for magnetic-activated cell sorting (MACS) sorted-CD3-

cells in PA blood (left and middle), and negative control for CD3+ cells in PA (right).

(B.) Purity analysis of MACS-sorted CD3+ T cells in TILs.

(&9 Negative control (left) and purity analysis (right) of MACS-sorted CD3- cells in

TILs.

(D.) Gating strategy for CD4+ and CD8+ T cells in MACS-sorted CD3+ cells from PA.

Supplementary Fig. SS5.

(A) Establishing CD200R expressing THP-1 cell lines through FACS cell sorting and

IL-4 stimulation analyzed with FACS Accuri.
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(B.)

(C)

(D.)

Establishing CD200R expressing U937 cell lines through FACS cell sorting and 1L-4

stimulation analyzed with FACS Accuri.

Establishing CD200R shRNA knockdown THP-1 cell lines through

lentivirus-mediated gene transfer and IL-4 stimulation analyzed with FACS Accuri.

Scheme of co-culture experiment for CD200-CD200R axis interaction between

CAFs and THP-1 cells.

Supplementary Fig. S6.

(A.)

(B.)

(C)

The mRNA expression level of multiple cytokines was checked with RT-PCR with

two T cell samples separately.

The mRNA expression level of multiple cytokines was checked with RT-PCR with

THP-1 cells co-cultured with CAFs.

The mRNA expression level of IL-6 was checked with RT-PCR with THP-1 and

U937 cell lines co-cultured with CAFs.

Supplementary Fig. S7.

(A.)

(B.)

The mRNA expression level of multiple cytokines was checked with RT-PCR with

two T cell samples with different concentration of recombinant CD200 separately.

The mRNA expression level of IL-6 was checked with RT-PCR among THP-1 cell
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lines co-cultured with CAFs.

Supplementary Fig. S8.

(A) The proportion of CD200R among CD4+ T cells between paired PA and TIL samples
analyzed with FACS Aria.
N=3; analyzed with Student’s t-test.

(B.) The proportion of CD200R in CD8+ T cells in the paired PA and TIL samples
analyzed with FACS Aria.

N=3; analyzed with Student’s t-test.

Supplementary Fig. S9.

(A) FACS analysis (FACS Aria) of the co-expression of CD200R with the immune
checkpoints PD-1 (left), CTLA-4 (middle) and TIM-3 (right) within the CD3+ T cell
populations from the PA blood of one NSCLC sample.

(B.) FACS analysis (FACS Aria) of the co-expression of CD200R with the immune
checkpoint PD-1 (left), CTLA-4 (middle) and TIM-3 (right) within the CD3+ T cell
populations from TIL of the same NSCLC sample.

(C) FACS analysis (FACS Aria) of the co-expression of CD200R with the immune

checkpoint PD-1 within the CD4+ or CD8+ T cell populations from the PA blood of
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(D.)

the same NSCLC sample.

FACS analysis (FACS Aria) of the co-expression of CD200R with the immune

checkpoint PD-1 within the CD4+ or CD8+ T cell populations from the TILs of the

same NSCLC sample.

Supplementary Fig. S10.

Comparing the co-expression of mRNA between samples, separated according to

medium expression valve (CD200R-low and CD200R-high group). Cohort: lung

adenocarcinoma (TCGA, Firehose Legacy), 517 samples derived from 516 patients.

(IRF4; ICOS; GATA3; CD274: PD-L1; STAT4, CXCRS, FOXP3, STK11, PRKCI).

Supplementary Fig. S11.

(A.)

(B.)

(C)

Correlation of CD200 and CD200R mRNA expression.

Overall survival and Disease-free survival between CD200 high and low expression

groups.

Overall survival and Disease-free survival between CD200R high and low expression

groups.
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Supplementary Fig. S12. Plasmid used within lentivirus-mediated gene transfer.

Supplementary Table S1. List of antibodies used in T cell culture or Functional assays.

Supplementary Table S2. The shRNA sequence used in gene knockdown.

Supplementary Table S3. List of primers used in rt-PCR.

Supplementary Table S4. List of antibodies used in Flow cytometry analysis.
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Table 1.

No. of patients (%)

Characteristics

Total

Age

Gender

Smoking

Tumor size (cm)

Lymph node
metastasis

Local invasion

<65
> 65

Female
Male

Absent
Present

<3.0
>3.0

Absent

Present

Absent

Present

No. of
patients (%)

19

6 (32)
13 (68)

7 (37)
12(63)

6(32)
13 (68)

7 (37)
12(63)

10 (53)
9 (47)

8 (42)
11 (58)

CD200-positive CAFs

Absent

15 (79)

1(25)
3(75)

1 (25)
3(75)

1(25)
3(75)

0(0)
4 (100)

1(25)
3(75)

1(25)
3 (75)

Present

4 (21)

5(33)
10 (67)

6 (40)
9 (60)

5(33)
10 (67)

7 (47)
8 (53)

9 (60)
6 (40)

7 (47)
8 (53)

P valuet

Chi-

square

test

1.000

1.000

1.000

0.245

0.303

0.603
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Figure 4.
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Figure 5.

CD200R* T cells (sphere)

CD200-/ CD200* CAF (spindle)

Day -3 -2 -1 0 1 2
| | | | ] |
| | | | | [
Expansion of CD3 cells Seed CAFs Collect T cells (wash once) Collect T cells
extracted from PA. (2.5 x 105/ 6 well) Change medium Downstream assays:

(Anti-CD3, Anti-CD28, IL-2) Add to CAFs (7.5 x 10°/ 6 well). (RNA extraction for PCR).
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Figure 7.
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Supplementary Figure S2.
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Supplementary Figure S9.
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Supplementary Table S1.

Antbody Host Experiment Manufacturer Reference no.
) . stimulate Shenandoah
Recombinant IL-4 E. coli THP-1 cells Biotechnology, Inc. 100-09-5ug
Recombinant IL-2 Insect T cell mantainance BioLegend 589102
Anti CD3 Mouse T cell amplification BioLegend 317325
Ant1 CD28 Mouse T cell amplification BioLegend 302902
Recombmant CD200 293E cells  Functional assay BioLegend 770004
CD200 Blocki
OcRing Mouse  Functionalassay ~ R&D Systems MAB27243-100
antbody
CD200R Blocki
peking Goat Functional assay R&D Systems AF3414

antbody




Supplementary Table S2.

Luciferase sh

5’ - GATCCCC GTAAGGAGAGTCGTGCTTTAA ACGTGTGCTGTCCGT TTAAAGCATGATTCTCCTTGC TTTTT GGAAAT - 3°

3’ - GGG CATTCCTCTCAGCACGAAATT TGCACACGACAGGCA AATTTCGTACTAAGAGGAACG AAAAA CCTTTAGATC -5
CD200R1 sh#1

5’ - GATCCCC GGAGACCAGCTGTATTGATGA ACGTGTGCTGTCCGT TCATCAGTACAGTTGGTTTCC TTTTT GGAAAT -3’

3’ - GGG CCTCTGGTCGACATAACTACT TGCACACGACAGGCA AGTAGTCATGTCAACCAAAGG AAAAA CCTTTAGATC -5
CD200R1 sh#2

5’ - GATCCCC GGAGACCAGCTGTATTGATGA ACGTGTGCTGTCCGT TCATCAGTACAGTTGGTTTCC TTTTT GGAAAT - 3’

3’ - GGG CCTCTGGTCGACATAACTACT TGCACACGACAGGCA AGTAGTCATGTCAACCAAAGG AAAAA CCTTTAGATC - !
CD200R1 sh#3

5’ - GATCCCC GCGTCTGAGGTATTACAGAGT ACGTGTGCTGTCCGT ACTTTGTAATGCCTCAGATGC TTTTT GGAAAT -3’

3’ - GGG CGCAGACTCCATAATGTCTCA TGCACACGACAGGCA TGAAACATTACGGAGTCTACG AAAAA CCTTTAGATC -5




Supplementary Table S3.

Gene
name

Forward

Reverse

hTERT
CDK4
CD200

IFN-y

TNF-a
TGF-p1
I1L-4
IL-6

1L-10
IL-12b
IL-13

VEGFA
CCL2

CSF-1

CXCLI2
GAPDH

5¢ - ACGGTGTGCACCAACATCTACAA - 3'
5¢ - GCCTGGCCAGAATCTACAGCTAC - 3'
5¢ - GTTTGGGTCATGGCAGCAGT - 3'
5¢- CTTTAAAGATGACCAGAGCATCCAA -
3

5° - TGTCTCAAGCTGCACGGACTC - 3'
5'- AGCGACTCGCCAGAGTGGTTA - 3'
5' - CTGTGCACCGAGTTGACCGTA - 3'
5' - GCCAGAGCTGTGCAGATGAG - 3'
5 - GAGATGCCTTCAGCAGAGTGAAGA
3
5* - GGAGCGAATGGGCATCTGT - 3'

5¢-TCGAGAAGACCCAGAGGATG - 3'

5'- CATCCAATCGAGACCCTGGTG - 3
5¢- GCTCATAGCAGCCACCTTCATTC - 3'

5‘-TAGCCACATGATTGGGAGTGGA - 3'

5¢- AAGCCCGTCAGCCTGAGCTA - 3'
5'- GCACCGTCAAGGCTGAGAAC - 3'

5¢ - TCAGAGATGACGCGCAGGA - 3'
5¢- GGTCGGCTTCAGAGTTTCCAC - 3
5¢- CCATGTCACAATGAGGGCTTC - 3'

5¢- GGCGACAGTTCAGCCATCAC - 3'

5¢- GAATGGTGTTCTGGAACCTGGA - 3
5'- GCAGTGTGTTATCCCTGCTGTCA - 3'
5'- AGCTGCTTGTGCCTGTGGAA - 3'
5'- TCAGCAGGCTGGCATTTG - 3'

5¢- AAGGCTTGGCAACCCAGGTA - 3

5¢-TGGGTCTATTCCGTTGTGTCTTTA - 3'
5¢- GGTCCTGTCTCTGCAAATAATGATG -
3'

5'- TTGGTGAGGTTTGATCCGCATA - 3'
5¢- GGACACTTGCTGCTGGTGATTC - 3'
5¢- CTCAAATGTAATTTGGCACGAGGTC -
3'
5¢- GGGTCAATGCACACTTGTCTGTT - 3'
5'- TGGTGAAGACGCCAGTGGA - 3'




Supplementary Table S4.

Antibody Host clone Manufacturer Reference number (Channel)
CD3 Mouse UCHT1 BioLegend 300411 (APC)
CD14 Mouse 63D3 BioLegend 367117 (APC)
CD20 Mouse 2H7 BioLegend 302309 (APC)
CD4 Mouse RPA-TA4 BioLegend 300514 (APC), 3(7)8(5))26 (Alexa Fluor®
CD8a Mouse HIT8a BioLegend 300911 (APC), 328(9))1 9 (Alexa Fluor®
CD200R Mouse 0X-108 BioLegend 329306 (PE), 329307 (APC)
CD279 (PD-1) Mouse E};1172 2 BioLegend 329905 (PE)
CD152 4()CTLA_ Mouse L3D10 BioLegend 349905 (PE)
CD366 (TIM-3) Mouse F38-2E2 BioLegend 345005 (PE)
Mouse «
MOPC- . 400112 (PE), 400122 (APC), 400143
IgG1 Isotype BioLegend
Ctrl (FC) 21 (Alexa Fluor® 700)
Mouse «
IgG2b Isotype  MPC-11 BioLegend 400319 (APC)
Ctrl (FC)
APC Annexin V
Apoptosis BioLegend 640932 (APC)

Detection Kit
with PI
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