
ORIGINAL RESEARCH

CD200 and CD200R1 are differentially expressed and have differential prognostic
roles in non-small cell lung cancer
Katsuhiro Yoshimura a,b, Yuzo Suzuki a, Yusuke Inouea,b, Kazuo Tsuchiyaa,b, Masato Karayamaa, Yuji Iwashitab,
Tomoaki Kahyob, Akikazu Kawasec, Masayuki Tanahashid, Hiroshi Ogawae, Naoki Inuia,f, Kazuhito Funaic,
Kazuya Shinmurab, Hiroshi Niwad, Haruhiko Sugimurab, and Takafumi Sudaa

aSecond Division, Department of Internal Medicine, Hamamatsu University School of Medicine, Hamamatsu, Japan; bDepartment of Tumor
Pathology, Hamamatsu University School of Medicine, Hamamatsu, Japan; cFirst Department of Surgery, Hamamatsu University School of Medicine,
Hamamatsu, Japan; dDivision of Thoracic Surgery, Respiratory Disease Center, Seirei Mikatahara General Hospital, Hamamatsu, Japan; eDepartment
of Pathology, Seirei Mikatahara General Hospital, Hamamatsu, Japan; fDepartment of Clinical Pharmacology and Therapeutics, Hamamatsu
University School of Medicine, Hamamatsu, Japan

ABSTRACT
CD200, a member of the immunoglobulin superfamily, interacts with its receptor CD200R1 to modulate
cancer immune microenvironments. Here, we explored the clinicopathological and prognostic implica-
tions of the CD200/CD200R1 axis in non-small-cell lung cancer (NSCLC) patients. We evaluated CD200/
CD200R1 expression in the tumors and stroma of 632 NSCLC patients using immunohistochemistry.
Associations between CD200/CD200R1 expression levels and clinicopathological data were analyzed. We
also examined their expression in lung cancer cell lines. Changes in endogenous immune-related factors
and cell proliferation were evaluated by CD200 and CD200R1 knockdown and CD200Fc fusion protein
administration. CD200 expression was observed mainly in the tumor, and also in the stroma among a
few cases, whereas CD200R1 expression was observed in both the tumor and stroma. High tumoral
CD200 expression was significantly associated with female sex, never-smoking status, adenocarcinoma
histology, EGFR mutation, and a low density of tumor-infiltrating lymphocytes. Meanwhile, high
CD200R1 expression in the tumor and stroma was associated with ever smoking, non-
adenocarcinoma histology, and increased tumor-infiltrating lymphocytes. High CD200R1 expression
was associated with worse survival (log-rank, P <.001 for both tumor and stroma), whereas high
CD200 expression was associated with better survival outcomes (log-rank, P <.001). The transient
knockdown of CD200R1 in lung cancer cell lines impaired cell proliferation, and the in vitro modulation
of CD200 and CD200R1 altered endogenous oncogenic and inflammation-related gene expression.
CD200R1 expression was associated with poor prognosis, whereas CD200 expression was an indepen-
dent favorable prognostic factor. Our results suggest the importance of CD200 and CD200R1 in lung
cancer biology.
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Introduction

The tumor immune-microenvironment (TME) comprises var-
ious immune-related cells including effector T cells that exert
antitumor immune responses, immune-suppressive cells such
as regulatory T cells (Treg), tumor-associated macrophages,
and myeloid-derived suppressor cells.1,2 These cells express an
array of immune receptors including co-stimulatory and co-
inhibitory molecules and directly or indirectly interact with
tumor cells. Several of these immune molecules including
A2A adenosine receptor (A2AR), 3,4 CD73, 3,5 and indoleamine
2,3-dioxygenase (IDO), 6,7 have been investigated as novel
therapeutic targets. In addition, combinations of PD-1/PD-L1

immune checkpoint inhibitors (ICIs) with these molecular
targeted therapies have been proposed .4,5,7 Despite vigorous
investigations, the response rate to ICIs remains unsatisfactory;
non-responders and acquired resistance to ICIs, 8,9 as well as
hyper-progressive disease following ICI administration, 10 have
been reported. Thus, the population of patients responding well
to ICIs is limited. Moreover, the performance of current PD-L1
expression assays for complementary/companion diagnostics is
not sufficient .11 Therefore, novel druggable targets among
TME-related molecules are urgently needed.

CD200, an immunoglobulin superfamily member, is
expressed in various immune cells including activated T cells,
B cells, and follicular dendritic cells .12,13 CD200 expression is
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also observed in organs such as the skin and central nervous
system, as well as in tumor cells .14 CD200 interacts with its
receptor CD200R1, which is mainly expressed in macrophages,
granulocytes, natural killer cells, and Tregs. C200/CD200R1
signaling is known to suppress antitumor responses by modulat-
ing macrophage and T-cell functions .13,15–17 Experimental and
clinical evidence demonstrates that the blockade of CD200/
CD200R1 signaling increases Th1-related cytokine expression
and inflammation, leading to anticancer responses .18 Thus, the
CD200/CD200R1 pathway has been considered a novel thera-
peutic target. A clinical trial of an anti-CD200 antibody in
patients with B-cell chronic lymphocytic leukemia demonstrated
tolerability, as well as a partial benefit .19 However, the clinical
significance of CD200/CD200R1 in non-small-cell lung cancer
(NSCLC) is yet to be elucidated. In the current study, we
explored the clinicopathological and prognostic implications of
CD200 and CD200R1 in patients with NSCLC using a relatively
large cohort of resected disease. Further, we evaluated CD200/
CD200R1 expression in lung cancer cell lines, as well as the roles
of CD200 and CD200R1 based on in vitro experiments using
CD200 and CD200R1 transient knockdown and a CD200 Fc
fusion protein.

Results

Clinicopathological characteristics of patients

We analyzed 632 NSCLC cases based on tissue microarray
(TMA) (N = 631 for tumoral CD200, N = 631 for tumoral
CD200R1, and N = 630 for stromal CD200R1; Figure 1a).
Several specimens were excluded from TMA because of the
insufficient quality of the TMA cores. The clinical character-
istics of all patients are shown in Table 1. The median age was
68 (range, 23–88) years, 434 (68.7%) patients were male, and
185 (29.3%) had never smoked. The tumors were histologi-
cally classified as adenocarcinoma (ADC; N = 415, 65.7%),
squamous cell carcinoma (SCC; N = 173, 27.3%), or other
histological types (N = 44, 7.0%). Four hundred (63.3%)
patients had stage Ι disease, and EGFR mutations were
observed in 129 (20.4%) cases. Postoperative adjuvant che-
motherapy was prescribed to 257 (40.7%) patients.

CD200 expression in NSCLC

The mean ± standard deviation (SD) H-score value of tumoral
CD200 expression was 42.0 ± 57.7 and the median value was
12 (0–295, range) (Supplementary Figure S1A). In contrast,
stromal CD200 expression was not observed in most cases
(Supplementary Figure S1B); 589 (93.3%) of the assessable 631
cases showed no stromal CD200 expression, grade 2 expres-
sion was observed in only three cases, and there were no cases
with grade 3 expression. The optimal cutoff H-score for
tumoral CD200 expression was determined to be 20 using
the minimum P-value method for overall survival OS. Based
on this cutoff, we divided the cases into “high” and “low”
expression groups and examined the associations with patient
data (Table 1). Female sex, never-smoking status, ADC his-
tology, and early disease stage were significantly associated
with high tumoral CD200 expression (P < .001 for all

categories). High tumoral CD200 expression was also signifi-
cantly associated with EGFR mutations (P < .001) and TTF-1
expression (P < .001).

CD200R1 expression in NSCLC

The mean H-score value of tumoral CD200R1 expression was
41.6 ± 52.8, and the median was 21 (0–241, range)
(Supplementary Figure S1C). Stromal CD200R1 expression
was detected in 382 (60.6%) cases (Supplementary Figure
S1D) including 215 with grade 1, 109 with grade 2, and 58
with grade 3 expression. To determine which types of
immune cells expressed CD200R1, we additionally performed
multiple immune cell-specific immunohistochemical (IHC)
analysis of the stroma cells using serial FFPE samples of the
same case. CD200R1 expression was mainly enriched with
CD204-positive immune cells compared to that enrichment
with T cell markers such as CD3 and CD8 (Supplementary
Figure S2).

The entire cohort was divided into “high” and “low”
tumoral or stromal CD200R1 expression groups based on
optimal cutoff values. The cutoff H-score for tumoral
CD200R1 expression was determined to be 21 of the
H-score value based on the minimum P-value method.
Regarding stromal CD200R1 expression, we divided the low
expression group into grades 0 and 1 and the high expression
group into grades 2 and 3. In contrast to that with CD200
expression, high CD200R1 expression in both the tumor and
stroma was significantly associated with male sex, ever smo-
kers, and non-ADC histology (P < .001 for all categories;
Table 1). High stromal CD200R1 expression was significantly
associated with advanced disease stage (P = .032) including
T factor (P = .002) and nodal metastases (P = .006). Low
stromal CD200R1 expression was significantly associated with
EGFR mutations and positive TTF-1 expression (P < .001 for
both variables).

Mutual associations between CD200 and CD200R1

There was no significant association between tumoral CD200
expression and tumoral CD200R1 expression (r = −0.045,
P = .265; Figure 1b), whereas a significant positive association
was found between tumoral and stromal CD200R1 expression
(P = .002 for trend based on the Jonckheere–Terpstra test;
Figure 1c). Similar to our findings, online TCGA database
analysis (provisional, RNA Seq V2 RSEM) of 1018 patients
with NSCLC revealed a small positive correlation between
CD200 and CD200R1 mRNA expression (r = 0.130;
Figure 1d).

Associations between CD200 and CD200R1 expression
and tumor-infiltrating lymphocytes (TILs)

We assessed four subsets of TILs (CD8+, CD45RO+, FoxP3+, and
PD-1+ cells) as TME representatives in the tumoral nest, and
their associations with CD200 and CD200R1 expression were
determined. As shown in Figure 1e, all TIL subsets were signifi-
cantly enriched in tumors with low tumoral CD200 expression
compared to those with high CD200 expression. In contrast,
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tumors with high CD200R1 expression in the stroma or tumor
were significantly more enriched in all TIL subsets than those
with low CD200R1 expression. In particular, Foxp3+ TILs,

represented as Tregs, and PD-1+ TILs were less abundant in
high CD200-expressing tumors. In contrast, they were more
abundant in tumors with high CD200R1 expression.

Figure 1. Mutual correlations between CD200 and CD200R1 expression and their associations with tumor-infiltrating lymphocytes (TILs).
(a) Representative images of tumors with CD200 expression and CD200R1 expression. Staining intensity was categorized as 0 (absent), 1 (weak), 2 (moderate), or 3
(strong). CD200R1 expression in the stromal area. Stromal expression levels were semi-quantitatively categorized into four grades: 0 (no staining), 1 (a few and
weakly), 2 (moderate), and 3 (many and strong). (b) Correlations between H-scores of CD200 and CD200R1 expression in tumor nest. r = −0.045, P =.265 (Pearson
correlation test). (c) Association between H-scores of tumoral CD200R1 expression and stromal CD200R1 expression grades. P =.002 (Kruskal-Wallis test) and P =.002
for trend (Jonckheere–Terpstra test). The variables represent the mean ± SD. (d) Correlation between CD200 and CD200R1 mRNA expression z-scores (RNA Seq V2
RSEM) in the online cohort (NSCLC, TCGA, Provisional). r = 0.130, P <.001 (Pearson correlation test). (e) Association between numbers of tumoral TILs and CD200 or
CD200R1 expression in each subset of TILs including CD8+, Foxp3+, CD45RO+, and PD-1+ TILs. *P <.05 and **P <.001 (Mann-Whitney U-test). The variables represent
the mean ± SD.
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Prognostic value of CD200 and CD200R1 expression in
NSCLC

The median follow-up period for the entire cohort was
3.56 years (interquartile range, 1.94–5.80). Kaplan–Meier
curves showed that patients with high tumoral CD200
expression had significantly better survival (P < .001 for
OS, recurrence-free survival (RFS), and cancer-specific sur-
vival (CSS)) than those with low tumoral CD200 expression
(Figure 2a). Conversely, patients with high tumoral CD200R1
expression showed significantly worse survival in terms of
both OS and CSS (P < .001 for both) but not RFS (P = .134;
Figure 2b). High stromal CD200R1 expression was also sig-
nificantly associated with worse survival (P < .001 for OS and
RFS, P = .0028 for CSS) compared to that for patients with
low stromal CD200R1 expression (Figure 2c). Univariate Cox
regression analysis (Supplementary Table S1) revealed that

high tumoral CD200 expression was a predictor of favorable
OS (hazard ratio [HR], 0.433; 95% confidence interval [CI],
0.312–0.601), RFS (HR, 0.528; 95% CI, 0.407–0.684), and CSS
(HR, 0.402; 95% CI, 0.266–0.608). In contrast, stromal
CD200R1 expression was a predictor of worse prognosis
(HR, 1.731; 95% CI, 1.270–2.359 for OS, HR, 1.596; 95%
CI, 1.233–2.066 for RFS, and HR, 1.547; 95% CI, 1.046–2.286
for CCS). Similarly, tumoral CD200R1 expression was
a predictor of worse OS (HR, 1.811; 95% CI, 1.309–2.505)
and CSS (HR, 2.222; 95% CI, 1.456–3.390). Multivariate
analysis of age, sex, smoking status, histology, pathological
stage, and EGFR mutations (Table 2) revealed that tumoral
CD200 expression was an independent prognostic factor
associated with favorable OS (HR, 0.654; 95% CI, 0.451–-
0.949), RFS (HR, 0.720; 95% CI, 0.538–0.963), and CSS (HR,
0.549; 95% CI, 0.342–0.879). Further, tumoral CD200R1

Figure 2. Survival analysis according to CD200 or CD200R1 expression in patients with non-small cell lung cancer (NSCLC).
(a–c) Kaplan–Meier curves for overall survival (OS), recurrence-free survival (RFS), and cancer-specific survival (CSS) based on tumoral CD200 (a), tumoral CD200R1 (b),
or stromal CD200R1 expression. Patients were stratified based on a cutoff determined by the minimum P-value method for OS based on tumoral CD200 and
CD200R1. Stromal CD200R1 was divided based on the median expression, such as grade 0–1 and grade 2–3.
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expression was an independent prognostic indicator of worse
CSS (HR, 1.688; 95% CI, 1.073–2.654).

To further analyze the prognostic value of CD200/
CD200R1 in patients with NSCLC, the lung cancer database
in Kaplan–Meier plotter, comprising 1,926 and 1,145 tumors
with CD200 and CD200R1 expression data, respectively, was
used. Survival outcomes were significantly more favorable for
patients with high CD200 expression than for those with low
CD200 expression (log-rank, P = .014; Supplementary Figure
S3A), and multivariate analysis revealed that CD200 expres-
sion was an independent predictor of favorable outcome (HR,
0,838; 95% CI, 0.727–0.965). In contrast, patients with high
CD200R1 expression showed a slight tendency of worse sur-
vival (log-rank, P = .263; Supplementary Figure S3B).

Expression and localization of CD200 and CD200R1 in
lung cancer cell lines

CD200 and CD200R1 protein expression were assessed in one
nonmalignant immortalized cell line (BEAS-IIB) and eight
lung cancer cell lines (H1299, H460, A549, ABC1, H358,
PC3, PC9, and ACC-LC-176). Western blotting analyses
revealed that H1299, A549, ABC1, H358, and ACC-LC176
cells endogenously express CD200, whereas ABC1, H358,
PC3, and PC9 cells endogenously express CD200R1 (Figure
3a). BEAS-IIB cells did not express CD200 or CD200R1
protein. Subcellular localization in tumor cells was analyzed
by immunofluorescence analysis, which revealed that both
CD200 and CD200R1 were expressed on the membrane and
in the cytoplasm of H1299 and PC9 cells (Figure 3b). Given
these results, we used H1299, PC9, and H358 cells for the
functional investigation of CD200 on H1299 cells via transient
knockdown and of CD200R1 on PC9 and H358 cells by
transient knockdown and CD200 Fc treatment.

CD200 knockdown alters endogenous inflammatory
cytokine expression in tumor cells

To elucidate the effect of CD200 depletion in tumor cells, we
transiently suppressed CD200 expression by siRNA transfec-
tion into H1299 cells expressing CD200. CD200 expression
was markedly reduced 2 days after transfection (Figure 3c).
The transient knockdown of CD200 did not substantially
affect the proliferation of H1299 cells (Figure 3d). mRNA
expression levels of several inflammatory chemokines upon
CD200 depletion were assessed by RT-qPCR. TNF expression

was significantly decreased, whereas that of IL1B and IL2 was
increased, albeit not statistically significant (Figure 3e).

CD200R1 is associated with cell proliferation activity and
endogenous cytokine expression in tumor cells

Next, we performed CD200R1 transient knockdown using
PC9 and H358 cells, harboring an EGFR mutation (exon19
delE746-750) and KRAS mutation (G12 C), respectively
(Figure 4a). The transient knockdown of CD200R1 signifi-
cantly inhibited cell proliferation in PC9 and H358 cells
(Figure 4b,c). Simultaneously, we analyzed phospho-AKT
(pAKT)/AKT and phospho-ERK (pERK)/ERK levels after
CD200R1 knockdown because CD200R1 is known to be asso-
ciated with Ras signaling17 and both AKT and MAPK signal-
ing pathways frequently participate in lung cancer cellular
proliferation and apoptosis .20,21 Interestingly, CD200R1
depletion led to a significant decrease in the expression of
pAKT and pERK in KRAS-mutant H358 cells (Figure 4a).
CD200R1 depletion also partially changed the levels of several
endogenous cytokines including TNF, IL1B, and IL-6
(Supplementary Figure S4A and S4B). Although CD200Fc
did not directly affect PC9 cell proliferation (Figure 4d),
significant decreases in the endogenous mRNA expression
levels of IL1B and IL2 were demonstrated (Figure 4e).

Molecular profiling of CD200R1-positive NSCLCs and
CD200R1-mediated signaling pathway

To perform the molecular profiling of NSCLC with high
CD200R1 expression, we analyzed TCGA RNA sequencing data
with investigationGSEA (Figure 5a). Tumors with high CD200R1
expression were enriched in genes related to KRAS activation in
both ADCs and SCCs. They were also associated with gene sets
involved in the inflammatory response and IL2/STAT5 signaling.

Next, global gene expression changes in PC9 cells after
CD200Fc administration were analyzed by cDNA microarray
analysis. Several genes were differentially expressed upon
CD200Fc administration (Figure 5b). GSEA using two gene
sets, specifically hallmark (H) and oncogenic signatures (C6),
revealed that genes involved in KRAS and JAK2 signaling
were enriched in CD200Fc-treated PC9 cells. In contrast,
genes involved in the inflammatory response and IL-2-related
signaling were downregulated (Figure 5c and Supplementary
Table S2). Among the highly differentially-expressed genes,
we validated mRNA expression levels using RT-qPCR.

Table 2. Multivariate Cox hazards models of survivals in all patients with non-small cell lung cancer.

Overall survival Recurrence-free survival Cancer-specific survival

Variable Per unit for HR HR 95% CI P – value HR 95% CI P – value HR 95% CI P – value

Age 1-year 1.034 1.015 − 1.052 < 0.001 1.005 0.992 − 1.019 0.453 1.015 0.995 − 1.037 0.150
Sex Male/Female 1.464 0.852 − 2.514 0.167 1.267 0.851 − 1.886 0.243 1.175 0.634 − 2.177 0.610
Smoking status Ever/Never and Unknown 1.318 0.705 − 2.462 0.387 1.103 0.700 − 1.738 0.674 1.267 0.612 − 2.626 0.524
Histology SCC/ADC 0.850 0.571 − 1.265 0.423 0.955 0.690 − 1.322 0.783 0.762 0.463 − 1.252 0.283

Others/ADC 1.564 0.941 − 2.599 0.085 1.249 0.802 − 1.947 0.326 1.332 0.712 − 2.494 0.370
Stage 1-stage 2.075 1.727 − 2.494 < 0.001 2.356 2.024 − 2.741 < 0.001 2.526 2.008 − 3.179 < 0.001
EGFR mutation with IHC Positive/Negative 0.929 0.574 − 1.502 0.762 0.912 0.634 − 1.312 0.618 0.904 0.497 − 1.643 0.740
Tumoral CD200 expression High/Low 0.654 0.451 − 0.949 0.026 0.720 0.538 − 0.963 0.027 0.549 0.342 − 0.879 0.013
Tumoral CD200R1 expression High/Low 1.308 0.923 − 1.855 0.132 0.958 0.733 − 1.251 0.751 1.688 1.073 − 2.654 0.024
Stromal CD200R1 expression High/Low 1.259 0.901 − 1.759 0.177 1.114 0.840 − 1.477 0.454 1.070 0.701 − 1.632 0.755
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Figure 3. CD200 and CD200R1 expression profiles in lung cancer cell lines and effect of CD200 knockdown.
(a) CD200 and CD200R1 protein levels in cell lines were analyzed by western blotting. (b) Subcellular localization of CD200 and CD200R1 as visualized by
immunofluorescence (×100). Membranous localization of CD200 and CD200R1 (red) was observed. A control was performed without each specific antibody. (c)
Immunoblot analysis showing effective siRNA-mediated CD200 knockdown in H1299 cells. (d) Effect of CD200 knockdown on cell proliferation in H1299 cells as
analyzed by CCK-8 assays. The negative control (NC) was scramble RNA-transfected cells. The data represent the mean ± SD, N = 5. (e) Effect of CD200 knockdown on
endogenous mRNA expression levels of immune markers in H1299 cells as analyzed by RT-qPCR. Gene expression was normalized to the expression of GAPDH and is
shown relative to negative control expression. The data represent the mean ± SD, N = 3. *P <.05 and **P <.001 vs. NC (Student’s t-test).
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Figure 4. Evaluation of CD200R1 functions with CD200R1 knockdown and CD200Fc administration.
(a) Western blots in the left part showing the representing protein levels after CD200R1 knockdown with siRNA in PC9 and H358 cells, respectively. Bar graphs on the
right part show western blotting quantification of pAKT/AKT and pERK/ERK in the siRNA1 and siRNA2 groups relative to those in negative controls (NCs). The data
represent the mean ± SD, N = 4. *P <.05 and **P <.001 vs. NC (one-way ANOVA). (b–c) Effect of CD200R1 knockdown with siRNA on cell proliferation in PC9 and
H358 cells as analyzed by CCK-8 assays. The negative control (NC) was scramble RNA-transfected cells. The data represent the mean ± SD, N = 5. *P <.05 and
**P <.001 vs. NC (one-way ANOVA). (d) Effect of CD200Fc treatment on cell proliferation in PC9 cells as analyzed by CCK-8 assays. (e) Effect of CD200Fc treatment on
endogenous mRNA expression levels of immune markers in PC9 cells as analyzed by RT-qPCR. Gene expression was normalized to the expression of GAPDH and is
shown relative to vehicle control expression. The data represent the mean ± SD, N = 3. *P <.05 and **P <.001 vs. vehicle (Student’s t-test).
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Figure 5. Enriched gene profiles in tumors with high CD200R1 expression and differentially-expressed genes in response to CD200Fc administration as assessed by
cDNA microarray.
(a) Volcano plots showing the significantly overexpressed genes among tumors with high CD200R1 expression using online RNA sequencing data (NSCLC, TCGA,
Provisional) including 230 adenocarcinomas (ADCs), and 501 squamous cell carcinomas (SCCs). The overexpressed genes in high CD200R1-expressing tumors are
surrounded by dashed lines in the volcano plots, and these were additionally analyzed based on GSEA Investigation gene set analysis using the hallmark gene set. (b)
Log2 fold expression changes of the 35 most strongly up- and downregulated genes in PC9 cells treated with CD200Fc versus expression in cells treated with vehicle
(N = 2). (c) GSEA analysis comparing up- and downregulated cancer hallmark gene sets and oncogenic signature gene sets in PC9 cells treated with CD200Fc versus
expression in cells treated with vehicle. (d–e) Expression of certain genes differentially-expressed upon CD200Fc administration in PC9 cells based on validation by
RT-qPCR. Gene expression was normalized to the expression of GAPDH and is shown relative to the vehicle-treated control expression. The data represent the mean ±
SD, N = 3. *P <.05 and **P <.001 vs. vehicle (Student’s t-test).
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Significant increases in GSDMA, FLT4, and WNT1 mRNA
expression upon CD200Fc treatment were validated (Figure
5d). Further, CD200Fc treatment significantly decreased the
SLC26A4, EDAR, and LAMA1 mRNA expression levels in
PC9 cells (Figure 5e). The functions of the genes validated
by RT-qPCR are summarized in Supplementary Table S3.
Together, our data suggested that CD200/CD200R1 is
involved in inflammatory responses and specific oncogenic
signaling including KRAS in NSCLC, which might be attrib-
uted to the worse survival associated with tumors with high
CD200R1 expression.

Discussion

The present study, for the first time, explored associations
between CD200 and CD200R1 expression in NSCLC patients
and clinicopathological characteristics, as well as their prog-
nostic implications. We demonstrated that both CD200 and
CD200R1 are expressed in NSCLC, and clinical characteristics
and TIL profiles among TMEs were distinct according to
CD200 or CD200R1 expression. Tumoral CD200 expression
was associated with better prognosis, whereas CD200R1
expression in the tumor and stroma was related to worse
patient survival. Multivariate analyses showed that CD200
expression was an independent prognostic factor for patients
with NSCLC. In vitro analyses showed that CD200R1 knock-
down with siRNA significantly inhibited cell proliferation and
altered endogenous mRNA expression levels of genes related
to inflammation and oncogenic signaling pathways. Our data
revealed the importance of CD200 and CD200R1 in the prog-
nosis of patients with NSCLC.

CD200 is broadly expressed on myeloid cells and tumor
cells in various types of cancer including solid tumors and
hematologic malignancies .12–14 Upon interaction with
CD200R1, CD200 triggers inhibitory signaling to suppress
immune reactions. However, CD200R1 expression on tumor
cells, in particular in solid cancers, has not been fully explored
.22,23 The present study revealed that both CD200 and
CD200R1 are expressed in NSCLCs, and these findings were
confirmed in lung cancer cell lines. Our results suggested that
the CD200/CD200R1 axis interacts with both the TME and
NSCLC per se. In particular, TIL density was differentiated
according to CD200 and CD200R1 expression in NSCLC
specimens. TIL subsets were significantly enriched in tumors
with lower tumoral CD200 expression, whereas higher
CD200R1 expression in the tumor and stroma were associated
with increased levels of TIL subsets. Of note, levels of FoxP3+

Tregs and PD-1+ cells were increased with lower numbers of
CD200-expressing NSCLCs and were also associated with
higher CD200R1 expression. Although modulation of the
CD200 pathway via CD200 knockdown or CD200-Fc treat-
ment did not directly affect cancer cell proliferation,
CD200R1 knockdown inhibited cell growth activity. CD200-
Fc administration also upregulated KRAS and JAK2 signaling
according to GSEA. Additionally, endogenous pro-
inflammatory cytokines such as IL-2 and IL-1β were changed
with CD200-Fc administration and the depletion of CD200/
CD200R1 with siRNA, respectively. These results suggested

that possible relationships between CD200/CD200R1 expres-
sion and TME-mediated immune tolerance in NSCLCs.

CD200 serves as an immune checkpoint inhibitor; thus, the
significance of the CD200/CD200R1 axis has been intensively
studied. Mice lacking CD200 show increased susceptibility to
experimental allergic encephalomyelitis, arthritis, 24 and influ-
enza infection due to failed inactivation of excessive inflam-
mation .25 In cancer immunity, CD200R1-mediated signaling
in macrophages/monocytes attenuates the secretion of Th1-
directed cytokines including IL-2 and IFN-γ .13,16 It also
inhibits cytotoxic T lymphocyte (CTL)18,24 and natural killer
cell activities .15 Thus, CD200R1-mediated inhibitory signal-
ing blocks the Th1 response in the TME, resulting in cancer
progression. Indeed, the present study showed that CD200R1
expression in stromal areas is associated with worse survival.
Similarly, high stromal CD200R1 expression in hepatocellular
carcinoma was associated with poor prognosis, 22 and
CD200R1 was previously found to be more strongly over-
expressed in stromal cells of metastatic colon cancer patients
than in those of patients without metastasis .23 Therefore,
CD200R1 might inhibit signaling in stromal cells, leading to
modulation of the TME and inducing immune tolerance,
which at least in part contributes to disease progression in
NSCLC.

We found that higher tumoral CD200R1 expression was
independently associated with worse outcomes for CSS. Only
a few studies have evaluated CD200R1 expression in tumoral
and stromal areas separately to date, but these reported that
CD200R1 is expressed mainly in the stroma .22,23 Previous
preclinical studies have shown CD200R1 intracellular signal-
ing, which leads to the recruitment of Dok2 and RasGAP to
the intracellular domain of CD200R1, 17,26,27 as well as sub-
sequent inhibition of the Ras signaling pathway including its
downstream targets, ERK, p38, and JNK .17 In this study, we
found that the knockdown of CD200R1 inhibits cell prolifera-
tion through the suppression of MAPK and AKT signaling
pathways, demonstrated as decreased pERK and pAKT pro-
tein expression in H358 cells. Although an EGFR mutation
harbored by PC9 cells is known to be exclusive from KRAS
mutations, CD200-Fc administration also upregulated KRAS
and JAK2 signaling based on GSEA analysis. Given these
findings, high CD200R1 expression on tumor cells might be
related to the upregulation of specific oncogenic signaling in
cancer cells.

We showed that high CD200 expression is an independent
favorable prognostic factor in NSCLC. The biological machin-
ery of CD200 in malignant disease has been intensively stu-
died in hematologic malignancies and some solid cancers.
CD200 expression is reportedly associated with worse survival
in patients with acute myeloid leukemia, multiple myeloma,
28,29 and solid cancers such as hepatocellular carcinoma, 22

melanoma, 18 ovarian cancer, 18 and rectal cancer .23 An anti-
CD200 monoclonal antibody, samalizumab, has been tested in
clinical trials for patients with advanced B-cell chronic lym-
phocytic leukemia (NCT00648739), acute myelogenous leuke-
mia (NCT03013998), and advanced solid cancer
(NCT02987504); these mostly demonstrated partial benefits
with respect to anticancer treatments. However, several basic
studies have addressed the differential roles of CD200 in
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limiting cancer growth or promoting cancer progression in
different cancer types. In melanoma mouse models, CD200-
positive melanoma cells abrogate immune tolerance by inhi-
biting IL-10 production from tumor-associated macrophages,
resulting in the activation of tumor-specific CTLs and pre-
venting tumor recurrence and metastasis .16,30 The protective
role of CD200 in breast cancer was reported based on a study
using CD200-transgenic and CD200R1-knockout mice ;31

CD200 overexpression was associated with decreased primary
tumor growth and metastasis, whereas metastasis was
increased in CD200R1-knockout mice. Moreover, using
a chemically-induced melanoma mouse model, Rygiel et al.
reported that CD200/CD200R1 is functionally active irrespec-
tive of tumoral CD200 expression .32 The authors speculated
that the blockade of CD200R1 signaling might have various
effects according to timing during tumor development; inhi-
bition of the CD200/CD200R1 axis boosted the antitumor
response, but did not exert a pro-tumorigenic effect, in the
early stage of tumor development. In contrast, in the
advanced stage, CD200/CD200R blockade might cause
tumor-progressive inflammation .33 These previous studies
indicated the bidirectional effects of CD200 and CD200R1
depending on cancer phase and type. Our results corrobo-
rated the functions of CD200 and CD200R1 in cancer pro-
gression, which seem to be complexly regulated depending on
the cancer type, tumor stage, and TME.

The present study showed the different clinical relevance of
CD200 and CD200R1 in patients with NSCLC. Our cohort
consisted largely of early-stage resected NSCLCs. We specu-
lated that CD200 might contribute to the anti-tumor
response, as CD200 functions in a protective manner in
early phases of breast cancer .31 Indeed, decreased levels of
Tregs, represented as Foxp3+ cells, and PD-1+ cells were
observed in high CD200-expressing tumors. Conversely, high-
CD200R1 tumors were significantly associated with increased
levels of Tregs and PD-1+ cells, which were sufficient to
suppress CTL functions, 34 and also significantly associated
with worse patient survival .35,36 Tumor-associated macro-
phages, represented as CD204+ M2-polarized macrophages,
were also abundant with CD200R1 immune cells. Further,
impaired cell proliferation mediated by CD200R1 transient
knockdown was observed in vitro. Therefore, these TME
changes and the oncogenic signaling of CD200R1 might con-
tribute to the different prognostic implications of CD200 and
CD200R1 in patients with NSCLC.

This study had several limitations. First, H-scoring and
semi-quantitative grading were performed with the naked
eye; automated immunostaining evaluation has been recently
reported, with a good correlation between automated and
classical manual assessment .37 Second, although simulta-
neous co-staining analysis using specific antibodies for
immune cells was performed in our study, we did not cor-
rectly identify CD200R1-expressing immune cell types. Flow
cytometry or Multiplex QIF analysis might have been infor-
mative .38,39 Third, we performed preliminary experiments on
several lung cancer cell lines, but it would have been desirable
to use patient-derived cancer cells and/or immune cells.
Forth, in vitro analyses showed that H1299 cells and PC9
cells expressed only either CD200 or CD200R1, respectively,

and not both (Figure 3a). However, the depletion of CD200
and CD200R1 altered the endogenous expression levels of
several cytokines. Additionally, the functional modulation of
CD200R1 via CD200-Fc administration and transient knock-
down showed different effects on cell proliferation. These
results suggested the possibility that CD200 and CD200R1
might function independently from CD200–CD200R1 mutual
interactions. Indeed, Ren et al showed that the KATP channel
regulates CD200-mediated anti-inflammatory responses .40

Therefore, we believe further experiments using in vivo mod-
els and an antagonistic antibody of CD200/CD200R1 are
needed to clarify the detailed mechanism underlying CD200-
and CD200R1-mediated immune modification of tumor cells.

In conclusion, this study shed light on the clinical roles of
CD200 and CD200R1 in patients with NSCLC. Both CD200
and CD200R1 are expressed in NSCLC, and distinct TIL
patterns are regulated by CD200 and CD200R1 expression
levels. CD200R1 expression is associated with poor prognosis,
whereas CD200 expression is an independent favorable prog-
nostic factor. The blockade of CD200R1 inhibited cell prolif-
eration in vitro and the modulation of CD200/CD200R1
signaling altered endogenous oncogenic and inflammatory
signaling. The CD200/CD200R1 axis is likely more complex,
and CD200/CD200R1 mutual interactions are yet to be clar-
ified in the TME. Hence, an understanding of the mechanisms
associated with CD200 and CD200R1 might lead to
a candidate therapeutic target for NSCLC.

Material and methods

Patients and specimens

We collected 632 NSCLC tumor tissues, 413 of which were
resected at Hamamatsu University Hospital between
January 1990 and April 2014 and 219 at Seirei Mikatahara
General Hospital between January 2006 and April 2014.
Pathological stages were defined based on the 2015 WHO clas-
sification, 41 and tumors were histologically classified by three
senior pathologists (KT, KS, andHS) .42 Clinicopathological data
including age, sex, smoking status, adjuvant chemotherapy, and
survival time from surgical resection, obtained until the end of
June 2016, were retrospectively collected from hospital medical
records. Tissue cores were punched out from distinct tumor
areas using 2- or 3-mm-diameter cylinders (Azumaya, Tokyo,
Japan) and were aligned on TMAs. Prior to TMA analysis, the
presence of a sufficient number of tumor cells in the TMA cores
was confirmed using hematoxylin–eosin staining of tissue
sections.

This study was approved by the ethics committees of
Hamamatsu University School of Medicine and Seirei
Mikatahara General Hospital. The need for patient approval
and informed consent was waived, because this study was
based on reviews of patient records. All analyses were con-
ducted in compliance with the Helsinki Declaration.

Cell lines and culture

Human lung cancer cell lines H1299, H460, A549, ABC1,
H358, PC3, PC9, and ACC-LC176 and the human
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immortalized bronchial cell line BEAS-IIB were used (see
Supporting Information for details regarding cell lines)
.43,44 The cells were cultured in RPMI-1640 medium
(Thermo Fisher Scientific, Waltham, MA, USA) supplemen-
ted with 10% fetal bovine serum and penicillin/streptomycin
at 37°C in the presence of 5% CO2.

Antibodies, RNAi transfection, and CD200Fc binding
assay

The following antibodies were used for immunohistochemical
staining: rabbit polyclonal anti-CD200 (HPA031149; Atlas
Antibody, Bromma, Sweden), 45 mouse monoclonal anti-
CD200R1 (clone OX-102; cat. no. LS-B10967; LifeSpan
BioSciences, Seattle, WA, USA), mouse monoclonal anti-
CD200 (66282-1-Ig; Proteintech, Chicago, IL, USA), 46

mouse monoclonal anti-CD200R1 (OX-102), which were
also applied to both immunoblotting and immunofluorescent
analyses. The other applied antibodies are shown in the
Supporting information.

Stealth RNAi™ siRNAs for the transient knockdown of
CD200 (cat. nos. 10620318 and 10620319) and negative
control siRNA (cat. no. 12935–200) were purchased from
Thermo Fisher Scientific. Two siRNAs with different target
sequences for one targeted gene were used to exclude off-
target effects. The sequences of the siRNAs were follows:
CD200-siRNA-1, 5′-GCAGCUGUACACACCUGCUUCC
UUA-3′, CD200-siRNA-2, 5′-GAAGACCACCUAAAU
AUCACUUGCU-3′, CD200R1-siRNA-1, 5′-ACAGAUUA
CACAGAACUACUCGAAA-3′, CD200R1-siRNA-2, 5′-
GCCUGUAAAGAUGGCUACAAAUGCU-3′. siRNAs were
transfected into cells at a final concentration of 40 nM for
H1299 cells and at 80 nM for PC9 and H358 cells using
Lipofectamine 2000. Cells were used for further analysis
48 h post-transfection.

To investigate the binding of CD200 to CD200R1, we used
recombinant human CD200Fc protein (cat no. 2724-CD;
R&D Systems, Minneapolis, MN, USA). CD200Fc is
a CD200 fusion protein consisting of the extracellular domain
of CD200 bound to a murine IgG2aFc sequence and modified
to eliminate the Fc receptor and complement binding
regions47,48 (see Supporting information for details).

Immunohistochemical analysis

TMA sections were analyzed by IHC as previously described
(see Supporting Information for details). Protein expression
levels of CD200 and CD200R1 were separately evaluated in
tumoral and surrounding stromal areas (Figure 1a). Tumoral
protein expression levels were assessed based on the H-score,
49 which was calculated by multiplying the percentage of the
stained tumor area (0–100%) by the staining intensity (scored
on a scale of 0–3) to yield a value ranging from 0 to 300.
Stromal expression levels were semi-quantitatively assessed
using a four-graded scale (0 = no staining, 1 = limited and
weak staining, 2 = moderate staining, and 3 = abundant and
strong staining) .50,51 Two observers (KY and YI) indepen-
dently assessed protein expression. Optimal cutoff values for
tumoral CD200 and CD200R1 H-scores were determined

using the minimum P-value method for OS, 3 and a cutoff
mean value of ≥ 2 was used to determine stromal CD200R1
expression. Four subsets of TILs were selected as follows:
CD8+ (representing cytotoxic T-cells), Foxp3+ (representing
Tregs), CD45RO+ (representing memory T cells), and PD-1+

immune cells. These subsets of TILs were assessed by count-
ing the cells in high-power fields (×20) in the tumor nest/
epithelial compartment .52,53 The average total TIL number in
the three areas was calculated.

Quantitative reverse-transcription (qRT-)PCR analysis

Total RNA was extracted from cells using an RNeasy Mini Kit
(Qiagen, Valencia, CA, USA). RNA concentration and quality
were assessed on a NanoDrop spectrophotometer (NanoDrop
Technologies). cDNA was synthesized from 0.5 μg of total
RNA using the SuperScript III First-Strand Synthesis System
(Thermo Fisher Scientific, San Jose, CA, USA). qPCRs were
run in triplicate on a StepOne Plus instrument (Applied
Biosystems, Foster City, CA, USA) using QuantiTect SYBR
Green PCR Kits (Qiagen) as per the manufacturer’s instruc-
tions. Target gene expression levels were normalized to the
level of GAPDH. The comparative ΔCt method was used for
data analysis. Gene-specific primers are listed in
Supplementary Table S4.

Immunoblotting analysis

Cells were lysed in 1× sodium dodecyl sulfate (SDS) sample
buffer. Cell lysates were quantified for protein concentra-
tions with a BCA protein assay kit (Thermo Fisher
Scientific). Following the addition of 2-mercaptoethanol,
the samples were boiled, and 15–20 μg of the cell lysates
were separated by SDS polyacrylamide gel electrophoresis
and transferred onto polyvinylidene fluoride (PVDF) mem-
branes (Amersham Hybond P 0.45 PVDF; GE Healthcare,
Little Chalfont, UK). Target proteins were detected using
specific antibodies at appropriate dilutions (GAPDH,
1:1000; CD200, 1:1000; CD200R1 1:1000; ERK1/2 1:1000;
pERK1/2 1:1000; AKT 1:1000; pAKT 1:2000), at 4°C over-
night. Blots were then incubated with a secondary goat anti-
rabbit (NA9340 V; GE Healthcare, Buckinghamshire, UK) or
anti-mouse antibody (NA9310 V; GE Healthcare) at room
temperature for 1 h. Blots were visualized by enhanced
chemiluminescence detection using Pierce ECL Western
Blotting Substrate Plus (Thermo Fisher Scientific).

Immunofluorescence analysis

Cells grown on coverslips were fixed with 4% paraformalde-
hyde and permeabilized with 0.1% triton X-100. After block-
ing with 5% bovine serum albumin in PBS at room
temperature for 1 h, the cells were probed with primary
antibodies against CD200 and CD200R1 and then incubated
with an Alexa Fluor® 546-conjugated secondary antibody
against rabbit IgG (Thermo Fisher Scientific). Nuclei were
stained with 4′,6-diamidino-2-phenylindole. The cells were
imaged by fluorescence microscopy using z-stack image
reconstructions (BZ-9000; Keyence, Osaka, Japan).
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Cell proliferation assay

Cells were seeded in 96-well plates at 3 × 103 cells per well.
Cell proliferation was monitored using a Cell Counting Kit-8
(CCK-8; Dojindo, Kumamoto, Japan) according to the man-
ufacturer’s protocol. After incubation for 5 days, the cells were
incubated with 10% CCK-8 for 2 h, and the absorbance at
450 nm was assessed in each well by spectrophotometry every
24 h. The assay was carried out in sextuplicate.

Microarray gene analysis

Global gene expression profiling was carried out using Agilent
SurePrint G3 Human GE v3 8 × 60 K Microarrays (Agilent
Technologies) according to the manufacturer’s protocol.
Differentially-expressed genes were determined by gene set
enrichment analysis (GSEA) (http:/software.broadinstitute.
org/gsea/omdex.jsp)54 (see Supporting information for
details).

Online database analysis

To validate the prognostic associations of CD200 and CD200R1
in other NSCLC cohorts, we used the lung cancer database in
Kaplan–Meier plotter (http://kmplot.com/analysis/index.php?
p=service&cancer=lung) .55 The data were downloaded on
March 20, 2018. We generated Kaplan–Meier curves for OS
according to the auto select best cutoff. To assess the correlation
between CD200 and CD200R1 expression and the enriched gene
profile in tumors with high CD200R1 expression, we used the
TCGA database. CD200 and CD200R1 mRNA expression data
(NSCLC, TCGA, Provisional) were downloaded from
cBioPortal (http://www.cbioportal.org/)56,57 on March 24, 2018
(see Supporting information for details).

Statistical analysis

Categorical variables were analyzed using a Fisher’s exact
test. Continuous variables were analyzed using the Mann–
Whitney U-test or a student’s t-test, and multi-group com-
parisons were performed using the Kruskal–Wallis test or
one-way ANOVA, with post-hoc analysis using the Holm-
Sidak test. The Jonckheere-Terpstra test was also used to
evaluate the trend for relationships. Correlations between
variables were assessed based on Pearson’s correlation coef-
ficient. OS and CSS were defined as the interval between
the date of surgical resection and the date of death due to
any cause or death due to lung cancer, respectively. RFS
was defined as the time from surgical resection to the time
of recurrence or death due to any cause. The Kaplan–Meier
method with a log-rank test and multivariate models with
Cox proportional hazards regression analyses were used to
analyze survival. Statistical analyses were conducted using
R software, version 3.2.0 (The R Foundation for Statistical
Computing, Vienna, Austria). P < .05 was considered sta-
tistically significant.
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