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CD200R signaling contributes to unfavorable tumor
microenvironment through regulating production
of chemokines by tumor-associated myeloid cells
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Xueliang Pan,? Xi Chen,? Pearlly Yan,? William E. Carson,*® Gang Xin,>® Haitao Wen,>® Ruoning Wang,>’

Zihai Li,> Qin Ma,?> and Xue-Feng Bai'->%*

SUMMARY

CD200 is overexpressed in many solid tumors and considered as an immune check-
point molecule dampening cancer immunity. In this study, we found that
CD200R /™ mice were significantly more potent in rejecting these CD200* tumors.
scRNA sequencing demonstrated that tumors from CD200R /~ mice had more infil-
tration of CD4* and CD8™ T cells, and NK cells but less infiltration of neutrophils.
Antibody depletion experiments revealed that immune effector cells are crucial
in inhibiting tumor growth in CD200R /~ mice. Mechanistically, we found that
CD200R signaling regulates the expression of chemokines in tumor-associated
myeloid cells (TAMCs). In the absence of CD200R, TAMCs increased expression
of CCL24 and resulted in increased infiltration of eosinophils, which contributes
to anti-tumor activity. Overall, we conclude that CD200R signaling contributes to
unfavorable TME through chemokine-dependent recruitment of immune suppres-
sive neutrophils and exclusion of anti-cancer immune effectors. Our study has impli-
cations in developing CD200-CD200R targeted immunotherapy of solid tumors.

INTRODUCTION

CD200 and CD200R are transmembrane glycoproteins belonging to the immunoglobulin superfamily of
proteins (IgSF). CD200 has a small 19aa intracellular domain with no known signaling motif." CD200R,
the cognate receptor of CD200, is primarily expressed in myeloid cells.? Unlike most of the IgSF receptors,
CD200R lacks immunoreceptor tyrosine-based inhibitory motif (ITIM) motif.> However, its cytoplasmic
domain contains three tyrosine residues, and the third tyrosine residue is phosphorylated upon ligation
of the CD200R.* This leads to the recruitment and phosphorylation of Dok-2 and 1, which then bind to
RasGAP and SHIP." In myeloid cells, this cascade has been shown to inhibit the phosphorylation of
ERK, p38, and JNK,® thereby inhibiting myeloid cell activation.” CD200R signaling in macrophages appears
to limit autoimmune inflammation in animal models of multiple sclerosis and arthritis,® and lung injury
caused by viral infection.” CD200R-deficient mice were also more susceptible to arthritis, due to enhanced
macrophage functions.'® These findings suggest that the CD200-CD200R pathway is mainly involved in
regulating the activation of myeloid lineages of cells.

Studies have revealed that CD200 is overexpressed in human solid tumors'' such as neuroblastoma (NB)'?
and melanoma.' NB is the most common non-CNS pediatric cancer, while melanoma is the most lethal
type of skin cancer. Given that human NB and melanoma constitutively express CD200, the CD200-
CD200R pathway is assumed to play important roles in regulating the immune microenvironment in these
tumor types. Indeed, a recent stucly12 has revealed that, in the tumor microenvironment (TME) of NB,
CD200 is mainly overexpressed in CD45~ NB tumor cells, while CD200R is mainly expressed in HLA-
DR*CD14" myeloid cells and CD11c" dendritic cells. CD200-CD200R pathway appears to downregulate
innate and adaptive anti-tumor immunity in the TME of NB tumors. In human melanoma, tumor expressed
CD200 has been shown to inhibit T cell effector functions, and blockade of CD200 has been proposed as a
therapeutic strategy for human cancer.”*"* Thus, further studying the roles of CD200-CD200R interaction in
these tumor types should reveal novel insights into the functional roles of this pathway and help developing
CD200/CD200R targeted immunotherapy.
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Figure 1. Reduced growth of NB9464D and Yummer1.7 tumors in CD200R ™/~ mice

(A and B) Flow cytometry analysis of CD200 expression in mouse neuroblastoma NB9464D (A) and mouse melanoma
Yummer1.7 (B) cells. Red line represents isotype antibody control, blue line represents cells stained with CD200 antibody.
(C and D) Tumor growth kinetics. NB9464D (C) or Yummer1.7 (D) cells were injected into each mouse s.c. Tumor growth
was monitored by measuring tumor length and width every 2 days after the appearance of tumors.

(E and F) Tumor weight plots. NB9464D (E) or Yummer1.7 (F) tumors harvested from wild type and CD200R™’~ mice at the
end of the experiments were weighted. Data shown represents three experiments with similar results. *p < 0.05,

**p < 0.01, ***p < 0.001, ****p < 0.0001 by two-sided Student's t test.

In this study, we evaluated the role of the CD200-CD200R pathway using two murine tumor models, i.e., the
mouse neuroblastoma NB9464D and the mouse melanoma Yummer1.7 models. NB9464D cells were originally
derived from spontaneous NB tumors arising in tyrosine hydroxylase (TH)-MYCN transgenic mice,'” and there-
fore a human-relevant mouse model. Yummer1.7 cells are the more mutated cells of Yumm?1.7 that bear Braf/
Pten mutations'® resembling human melanoma. In this work, we found that in CD200R™~ mice, both tumor
types grew significantly slower than in wild type mice. Mechanistically, we have found that CD200R signaling
differentially regulates the expression of chemokines in TAMCs. In the absence of CD200R, TAMCs up-regu-
late CCL24 and CCL8 and down-regulate CXCL3, CXCL2, and CCL3 via activation of ERK and/or p38 MAP
kinases. Increased expression of CCL24 in TAMCs resulted in increased recruitment of eosinophils, which con-
tributes to anti-tumor activity. Thus, CD200R-mediated signaling, via interaction with CD200 on tumor cells,
contributes to unfavorable TME primarily through chemokine-dependent recruitment of immune suppressive
neutrophils and exclusion of anti-cancer immune effectors.

RESULTS

NB9464D and Yummer1.7 tumors grow more slowly in CD200R~/~ mice

Human neuroblastoma and melanoma have been shown to overexpress CD200 1213 We, therefore, chose
neuroblastoma and melanoma mouse models to evaluate the roles of CD200R signaling in tumor growth
and immunity. NB9464D cells were initially derived from mouse spontaneously developed neuroblas-
toma.'® The Yumm1.7 melanoma tumor cell line was derived from a spontaneous tumor initially developed
in a mouse bearing Braf/Pten mutations.'® Additional mutations were further induced in these cells by UVB
to generate Yummer1.7 cells making the model more immunogenic and suitable for evaluating checkpoint
inhibitors.”” As shown in Figures 1A and 1B, both NB9464D and Yummer1.7 cells constitutively expressed
CD200 on the cell surface. C57BL/6 and CD200R™~C57BL/6 mice were s.c. inoculated with NB9464D or
Yummer1.7 cells. About two weeks after injection of NB9464D cells, tumors started to form in WT and

2 iScience 26, 106904, June 16, 2023

iScience



iScience ¢? CellPress
OPEN ACCESS

Total tumor cells

A B
CD200R- ®
= 100
3 - wT
- 1.2e-34 i
cpas- S 1ol 5049 B CD200R”
= 4.1e-10
- © *
il Mono/Md E 1
6
. Teell 5" Neutrophil &
10 5 o 5 10 -5 0 5
UMAP-1
Cc D
D45* TIL: 100
—CDAS'TiLs - WwT
CD200R"-
B CD200R™

6.6e-41

i

P : n *
b ’? Mono/Md
2 3 1

% of CD45+ Cells
=

: , S N S
T cell # Neutrophil Q° 0(\°\® & éj‘_o x’\o x«o
*
10 5 0 5 -10 5 0 5 eel 0% ob‘
(O
UMAP-1

Figure 2. Single cell RNAseq analysis of tumors from WT and CD200R /™ mice

10 x single cell RNA-seq assays were performed on pooled total single cell samples and sorted CD45" cells from NB9464D tumors grown in WT (n = 3) and
CD200R ™" (n = 4) mice.

(A) U-MAP showing cell clusters of total cells in tumors from WT and CD200R ™~ mice. Major populations of cells are marked by squares of different colors.
(B) Quantification of cell clusters marked by squares in A. Data were normalized to % of total cells under each condition. *P < 1e~'% by two proportion z-test.
(C) U-MAP of annotated cell clusters of sorted CD45" cells from WT and CD200R-deficient tumors. Major immune cell subpopulations are marked by
different colors and squares.

(D) Quantification of cell clusters marked by squares in C. Data were normalized to % of total cells under each condition. *P < 1e ™' by two proportion z-test.

CD200R™~ mice (Figure 1C). However, NB9464D tumors grew significantly slower in CD200R ™~ mice than
in their WT counterpart, as measured by smaller tumor volume (Figure 1C). At the end of the experiment
(day 35 after tumor cell injection), we sacrificed mice and measured tumor weight and found that tumors
from CD200R™~ mice weighed significantly less compared with tumors harvested from WT mice (Fig-
ure 1E). Similarly, we found that Yummer1.7 tumors also grew significantly slower in CD200R™/~ mice
than in WT mice, which is reflected by smaller tumor volumes (Figure 1D) and lower tumor weights (Fig-
ure 1F). Overall, our results suggest that the growth of CD200" NB9464D and Yummer1.7 melanoma tu-
mors is impaired when CD200R signaling is absent.

Increased infiltration of immune effectors but reduced infiltration of neutrophils in tumors
from CD200R /™ mice

To understand factors affecting differential growth of tumors in WT and CD200R ™/~ mice, 10 x single cell
RNAseq assays were performed on pooled total single cell samples and sorted CD45" cells in NB9464D
tumors from WT (n = 3) and CD200R™~ (n = 4) mice (GSE211963, https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE211963). Nineteen distinct cell populations were identified in U-MAP based on
their expression of unique marker genes (Figure S1). In the U-MAP of total tumor samples, while the
numbers of CD45~ cells were not different between WT and CD200R ™/~ tumors, total CD45* cells and
all its major subsets, including T, B, and NK cells, were elevated in tumors from CD200R™~ mice
(Figures 2A and 2B). Among the CD45" tumor infiltrating leukocytes, while percentages of T, B, and NK
populations were not different, a significantly reduced neutrophil population was observed (Figures 2C
and 2D). The findings generated by scRNA-seq analysis were verified by flow cytometry analysis. While
we found significantly elevated CD45" total leukocytes (Figure 3A) in tumors from CD200R™~ mice, the
percentages of CD4* and CD8" T, B, and NK cells did not show a significant difference (Figure 3B) in tumors
grown in WT and CD200R ™~ mice. While the percentages of total CD11b* cells among CD45* leukocytes
did not show a significant difference between WT and CD200R-deficient tumors (Figure 3C), the proportion

iScience 26, 106904, June 16, 2023 3


https://urldefense.com/v3/__https:/www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE211963__;!!AU3bcTlGKuA!GFmqKwruTdKOfzEcHqKWlk-vgIaM5wSeSTwCjAgwIQFBqpGpvZAEE8MJb2ShkhwNYUMZSFElJbBqOtSzdN5y0Gk
https://urldefense.com/v3/__https:/www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE211963__;!!AU3bcTlGKuA!GFmqKwruTdKOfzEcHqKWlk-vgIaM5wSeSTwCjAgwIQFBqpGpvZAEE8MJb2ShkhwNYUMZSFElJbBqOtSzdN5y0Gk

¢? CellPress iScience
OPEN ACCESS

A B e WT e CD200R™ c D
Total tumor cells » I *%
2 * %k 8 Ui $ 50 g 60
8 25 1 +53 ] g 40 £ o
5 20 g ] 9 g 40
g 15 5 i 3 30 =]
o = ° ~ o 20 -
S t ® 5 20 0]
~ s 10 2 o
o ° b >
2 L5 0 =10 N
o Q
o < 0 8 0 $« QQ\‘
WT CD200R™ S S
cp11b—> S
E F G - wT H - WT
1004 ° WT ° KO < CD200R™" -0- CD200R™"
» 3 — 5007 " CD200RT/Mg-wr -~ CD200R”/Neu-WT
» . o e -~ CD200R”/M¢-KO &= 8007 -~ CD200R™/Neu-KO
@ 0 HE5 . £
) o ok £ 400 £
+, 103F ARG < £ 600
2 J k £ 300 £
e 3 S
—_— g 3 g 400
5 1 A S 200 2
- z z
2 i £ 100 g 200
>
? 0.1 T T T T T T T = 0 E o
e PP T O PR 0 10 20 30 0 10 20 30
FE P i -
S X(JGQ, Days after tumor cell injection Days after tumor cell injection
©
FS

Figure 3. Flow cytometry analyses of subtypes of tumor infiltrating leukocytes and tumor promoting functions of myeloid cells

(A) Percent of CD45 positive cells in NB9464D tumors from WT and CD200R™~ mice were calculated relative to total tumor cells.

(B) Subsets of leukocytes in NB9464D tumors from WT and CD200R™~~ mice were calculated relative to numbers of CD45" cells.

(C) Quantification of CD11b™ cells among CD45* population.

(D and E) Quantification of subpopulations of CD11b* cells including CD11b*Ly6G™ neutrophils (D), and F4/80" cells (E) in NB9464D tumors grown in WT and
CD200R ™~ mice.

(F) Quantification of major subsets of CD45" leukocytes in established Yummer1.7 tumors grown in WT and CD200R™~ mice. *p < 0.05, **p < 0.01,

***p < 0.001 by two-sided student’s t test. Data shown represents three to five experiments with similar results.

(G) Bone marrow derive macrophages (BMDMs) were generated from WT or CD200R ™~ mice and were mixed with NB9464D cells at 1:1 ratio, and & million
mixed cells or 3 million NB9464D cells were injected into each recipient mouse s.c. n = 5-6 mice/group were used for the experiment. *p < 0.05 by one-way
ANOVA.

(H) Bone marrow ly6G* cells from WT or CD200R™~ mice were mixed with NB9464D cells at 1:1 ratio and 6 million mixed cells or 3 million NB9464D cells were
injected into each recipient mouse s.c. Six mice per group were used for the experiment. Tumor growth kinetics (average tumor volume over time) are shown.
**p < 0.01 by one-way ANOVA.

of the CD11b*Ly6G™ population was significantly reduced in CD200R-deficient tumors (Figure 3D). There
was also a trend of elevation of F4/80" proportion among CD11b™ cells from CD200R-deficient tumors (Fig-
ure 3E). Similarly, in established Yummer1.7 tumors from CD200R ™~ mice, we also detected a reduced pro-
portion of neutrophils (Figure 3F) but observed no significant percentage differences in other leukocyte
populations between WT and CD200R-deficient tumors. To evaluate the functions of CD200R-deficient
macrophages in tumor growth, we generated bone marrow derived macrophages (BMDMs) from
CD200R™~ or WT mice and mixed them with NB9464D cells at 1:1 ratio followed by injection into
CD200R™~ mice. As shown in Figure 3G, we found that CD200R '~ mice receiving WT BMDMs showed
accelerated tumor growth compared to CD200R ™~ mice receiving CD200R ™/~ BMDMs. To evaluate the
functions of CD200R-deficient neutrophils in tumor growth, we isolated ly6G* neutrophils in bone marrows
from CD200R™~ or WT mice and mixed them with NB9464D cells at 1:1 ratio followed by injection into
CD200R ™~ mice. As shown in Figure 3H, while CD200R ™~ mice receiving WT ly6G* cells showed acceler-
ated tumor growth compared to CD200R™'~ mice, no tumor enhancement was observed in mice receiving
CD200R-deficient neutrophils.

CD200R signaling regulates TAMC production of chemokines in TME

To understand the mechanisms of differential recruitment of immune cell subsets in TME of CD200R-deficient
tumors, we performed differential gene expression analysis of the scRNA-seq data. Among the most signif-
icantly altered expression of genes were some chemokines. As shown in Figure 4A, CD200R-deficiency

4 iScience 26, 106904, June 16, 2023



iScience ¢? CellPress
OPEN ACCESS

A Avg_log2FC C NB9464D F G TAM Neutrophil
A b o v a 100 N . WT WT CD200R" (KO/WT) (KO/WT)
c . F * KO 10 10 4 2 0 2 432 4 g
CCL24 2 0] ¥ e ~ o, 3
o
CCL8 = 5  t ot el g . gz 0 Tu 8 CCL24 ccL3
= CCL3 2 ! . *. % 10 ' % -10 ® & L
< CCL8 CXCL2
— CXCL3 oot 10—15—10 50 5 10 ‘0715—10 50 510 CCL3 CXCL3
R S R Cxcl2
D(' A (5" O O ™~ (Y 5
B o xx xx ¢ s P g o g Cxcl3
s E B » & xe
g N { oo b Yummerl.7 S -10 35 10
SR i o wr H CD11b*Ly6G"
° i [ _w E. . . KO 15105 0 5 10 15105 0 5 10 cn W wT O ko
* S ¥ 10 10 s
© 1 2 N & o 2] []
I 2 S o | | 9]
o 0 o 0 (2] 5 2
0~ H < 3 4
{ B g 540 y 5.0 < 1
ERTToR : ﬂ ﬁ / ’ 2
© o LI 45105 0 5 10 45405 0 5 10 E
} ' 10 10 S S I ]
M- H d}q’ &b‘ G,Q’ *_& +z}°’ o~ - & & EFF
O «~ ¢ i (¢ ¢ e, | | )
© P g X & ° 8
A 8 & 5
= NB9464D = & = oon CD11b*Ly6G*
b 3 E ' V] ’ ]
o© ] = 104 + WT + KO c1s W W Ok
(SR ¢ g AR -16-10-5 0 5 10 15-10-5 0 5 10 [
o] ! ® 10 10 2
O N« ] o o
3 £10° 210
o = 4= =t ~ o, 5
e S o =
m o § okEk g 102 TR TE g’ S g0 . ¥ e
a s e ¥ s ¢ s s z
2« g 10" * S -10 " S -10 ’ Dé
O o g 0.0
5 X
o [ © 100+ t t s .[I] -15-10-5 0 5 10 -15-10-5 0 5 10 & § §:
W % > > Y2 > UMAP_1 UMAP_1 < <
A\ W WV 04 Vv = e
WT KO _WT_KO & ¥ &L ©

CD45* TTCs

Figure 4. CD200R signaling regulates chemokine expression in TME

(A) Differential gene expression analysis of the scRNA-seq data revealed significantly altered overall expression of chemokine genes in NB9464D tumors
from CD200R™~ mice versus tumors from WT mice.

(B) Violin plots for the expression of chemokine genes that show significant differences between tumors from WT and CD200R™~ mice. ***P < 1e~'%,
**P < 1e~ ' by Wilcoxon rank-sum test.

(C and D) gPCR analyses for the expression of chemokine genes in NB9464D (C) and Yummer1.7 (D) tumors from WT and CD200R™~ mice. *p < 0.05,
**p < 0.01, ***p < 0.001, ***p < 0.0001 by two-sided student t test.

(E) ELISA assay for production of chemokines in NB9464D tumor lysates. *p < 0.05, ***p < 0.001, ****p < 0.0001 by two-sided student t test.

(F) Featured plot data of scRNA-seq suggests that CCL24 and CCL8 were mainly expressed by TAMs, while CCL3, CXCL2 and CXCL3 were mainly expressed
by neutrophils, but also by TAMs.

(G) Differential gene expression analysis of the scRNA-seq data revealed altered expression of chemokine genes in TAMs and Neutrophils.

(H) gPCR was used to quantify expression of chemokine genes in sorted CD11b*Ly6G™~ and CD11b*Ly6G™ cells from NB9464D tumors from WT and
CD200R /" mice.

resulted in a significant alteration in global expression of 5 chemokine genes, namely CCL24, CCL8, CCL3,
CXCL2, and CXCL3. CCL24 and CCL8 were significantly up-regulated, while CCL3, CXCL2, and CXCL3
were down-regulated. Violin plots of the five chemokine genes suggest that these chemokines were mainly
enriched in CD45" leukocytes (Figure 4B). gPCR analysis confirmed the scRNA-seq data that CD200R-defi-
ciency resulted in up-regulation of CCL24 and CCL8, downregulation of CCL3, CXCL2, and CXCL3 in both
NB9464D (Figure 4C) and Yummer1.7 (Figure 4D) tumor models. Moreover, the ELISA assay also confirmed
that the alteration pattern was true at the protein level (Figure 4E).

Featured plot data (Figure 4F) and differential gene expression analysis in cell subtypes (Figure 4G) re-
vealed that CCL24 and CCL8 were mainly expressed by TAMs, while CCL3, CXCL2, and CXCL3 were mainly
expressed by neutrophils, but also by TAMs. These data showed a similar pattern to the global gene
expression changes. Moreover, gPCR analysis of FACS-sorted myeloid cells revealed that CD11b*Ly6G ™~
cells up-regulated CCL24 and CCL8 and down-regulated CCL3, CXCL2, and CXCL3 (Figure 4H), while
CD11b*Ly6G™ cells down-regulated CCL3, CXCL2, and CXCL3 (Figure 4H).

Activation of ERK and/or p38 MAPKs mediates differential expression of chemokines in
CD200R-deficient TAMCs

To determine if tumor CD200 interacts with CD200R on macrophages to regulate the production of these
chemokines, we generated bone marrow derived macrophages (BMDM) from CD200R™~ and WT mice,

iScience 26, 106904, June 16, 2023 5




¢? CellPress iScience
OPEN ACCESS

A | WT/NB-CD20Q" B WT/NB-CD200" B
E!*KO/NB—CDZOO [ Ko/NB-CD200°

@
=]
S
=
=3
=3
*
N
o
S
@
(=1
S

500
= 400
®

2 300

S
o
=3

3 200

~
o
o

CXCL2 (pg/ml)

CCL24 (pg/ml)

8
100 *okokok

mRNA expression
mRNA expression
B

Pt D P 5 S
(/c(/é (/cd_cd_c, S OQ‘L S Ry

(]
O

15 16 sk

i
IS
w
o
s
&
w
*
N
ok ok
w Y
Hkokk

=
o
w

CXCL2 mRNA expression
~

CXCL3 mRNA expression
[N}

[
N
N
o
=
o

w

10

p-ERK* TAMs (%)
o
&

p-p38* TAMs (%)
p-JNK+ TAMs (%)

[N
o

kKK
CCL3 mRNA expression

CCL8 mRNA expression
CCL24 mRNA expression

0

0o
o
o

&N <« X v
N ,9& < Ny & & 3. &S S
S S$ s

Figure 5. CD200R signaling regulates chemokine expression in BMDM through activation of ERK and/or p38 MAPKs

Bone marrow derive macrophages (BMDM) were generated and co-cultured with CD200" or CD200" NB9464D tumor cells.

(A) gPCR was used to quantify expression of chemokine genes in co-cultured cells. Expression of these chemokines in cultured BMDM alone was low or
undetectable. Expression of these chemokine genes in NB9464D cells was undetectable.

(B) ELISA was used to quantify concentrations of chemokines produced in supernatants of co-cultures after 24 h.

(C) Levels of phospho-ERK, -p38, and -JNK in tumor-associated macrophages from NB9464D tumors were quantified by flow cytometry.

(D) inhibitors of ERK (SCH772984, 1 uM), p38 (LY2228820, 5 uM) or JNK (SP600125, 5 uM) were added to NB9464D/BMDM co-cultures. gPCR was used to
quantify expression of chemokine genes in co-cultured cells. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 by student's t test (A-C) or one-way ANOVA
D).

co-cultured them with CD200" or CD200" NB9464D tumor cells and measured expression of these chemo-
kines. As shown in Figure 5A, CD200R-deficient BMDM s significantly up-regulated expression of CCL8 and
CCL24 and downregulated expression of CXCL2 and CXCL3 genes in BMDM/CD200, but not in BMDM/
CD200" NB9464D co-cultures. Moreover, we found that the protein concentrations of CCL24 and CCL8
in the culture supernatants were significantly higher, while the protein concentrations of CXCL2 and
CXCL3 were significantly lower in NB9464D-CD200R™~ macrophage co-cultures compared to
NB9464D-CD200R*™* macrophage co-cultures (Figure 5B). In TAMCs from CD200R-deficient tumors, we
detected elevated phospho-p38 and elevated trends of phospho-ERK and Phospho-JNK (Figure 5C).
We, therefore, tested if inhibitors to these MAPKs would affect the expression of these chemokines. As
shown in Figure 5D, we found that while inhibitors to ERK and p38 abrogated the induction of CCL24
and CCL8 in CD200R-deficient BMDMs, ERK inhibitor significantly restored the expression of CCL3,
CXCL2, and CXCL3 genes in CD200R-deficient BMDMs. By contrast, inhibition of STAT or NF-kB activation
did notssignificantly affect expression of CCL24, CCL8, CCL3, CXCL2 in the co-culture, while CXCL3 expres-
sion was slightly inhibited by NF-kB inhibitor (Figure S2). These results suggest that tumor induced activa-
tion of ERK and p38 in CD200R-deficient BMDMs enhances CCL24 and CCL8 production, while activation
of ERK inhibits CCL3, CXCL2, and CXCL3 production.

Increased CCL24 expression in CD200R-deficient TAMCs recruits eosinophils into tumors,
which inhibits tumor growth

CCL24 is also known as eotaxin-2, a chemokine that is mainly chemotactic to eosinophils.18 Since CD200R-
deficiency significantly enhanced CCL24 in TAMs, we analyzed if more eosinophils were recruited into
CD200R-deficient tumors. As shown in Figure 6A, while we barely detected CD11b*SiglecF" eosinophils
in NB9464D tumors from WT mice, a significant population of eosinophils was detected in tumors from
CD200R-deficient mice. The eosinophil population was among the CD11b" population, which comprised
about 20% of CD11b™ cells (Figure 6B). While the spleen eosinophils from CD200R-deficient mice were of
the typical SSCM9"F4/80" CCR3"CCR2" phenotype, tumor eosinophils downregulated CCR3 but upregu-
lated CCR2 (Figure 6C). Similarly, we also detected elevated numbers of eosinophils in Yummer1.7 tumors
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Figure 6. TAM-derived CCL24 recruits eosinophils into tumors, which inhibits tumor growth

(A and B) Percentages of eosinophils in total CD45" cells (A) and CD11b* cells (B) in NB9464D tumors grown in WT and CD200R™~ mice were quantified by
flow cytometry. **p < 0.01 by two-sided student's t test.

(C) Phenotypes of eosinophils in tumors and spleens from CD200R™~ mice.

(D) Percentages of eosinophils among the CD11b™ population in Yummer1.7 tumors grown in WT and CD200R™~ mice were quantified by flow cytometry.
*p < 0.05 by two-sided student’s t test.

(E) Tumor growth in CD200R ™~ mice treated with anti-CCL24 antibody. NB9464D tumors were established in CD200R~~ mice followed by treatment with
anti-CCL24 (n = 5) or a control Ab (n = 5). NB9464D tumors were also established in a group of WT mice for comparison.

(F) Eosinophils in tumors from anti-CCL24 treated mice and controls were quantified by flow cytometry at the end of the experiment.

(G) Tumor growth in CD200R ™~ mice treated with anti-SiglecF antibody. NB9464D tumors were established in CD200R ™~ mice followed by treatment with
anti-SiglecF (n = 6) or a control Ab (n = 6). NB9464D tumors were also established in a group of WT mice for comparison. *p < 0.05 by two-sided student's t
test.

grown in CD200R™'~ mice (Figure 6D). To test if neutralizing CCL24 could affect tumor growth in
CD200R™~ mice, we first established NB9464D tumors in CD200R ™~ mice, followed by treatment with a
CCL24 neutralizing antibody (R&D Systems, Cat#AF528). We found that anti-CCL24 treatment significantly
enhanced tumor growth (Figure 4E) and caused a significant reduction of eosinophils in tumors (Figure 6F).
An anti-SiglecF antibody has been shown to deplete eosinophils.'” We, therefore, established NB9464D
tumors in CD200R ™~ mice and treated mice with anti-SiglecF. As shown in Figure 6G, anti-SiglecF anti-
body treatment also significantly enhanced tumor growth. These data clearly suggest that increased
CCL24 expression in CD200R-deficient TAMs recruits eosinophils into tumors, which inhibits tumor growth.

Immune effector cell functions in CD200R-deficient tumors

To determine if the lack of the CD200-CD200R interaction impacted the functions of immune cells such as T
and NK cells, we first examined single cell RNAseq data on the expression of major activation and effector
molecules, including IFN-y, TNF-a, PRF1, CCL5, CXCR3, GZMA, GZMB, GZMK that are typically expressed
in activated T and NK cells. As shown in Figure S3, we did not find significant differences in the expression
of these molecules in CD200R-deficient versus WT NK and T cells. We also evaluated the activation status
and expression of effector molecules, including IFN-y, TNF-a, Granzyme B, and perforin in infiltrating CD4™"
and CD8" T cells and NK1.1*TCR™ NK cells in NB9464D (Figures 7A-7D) and Yummer1.7 (Figures 7E-7H)
tumors using flow cytometry. We also found no significant differences in the expression of these activation
markers and effector molecules by T and NK cells in WT and CD200R-deficient tumors. In CD200R™~ mice,
depletion of CD4" T cells (Figure 71), and NK and CD8" T cells together (Figure 7J), but not CD8" T (Fig-
ure 7K) and NK (Figure 7L) cells alone, enhanced tumor growth. Thus, T and NK cells are the major immune
effectors in CD200R-deficient tumors. These results suggest that CD200R-deficiency enhanced accumula-
tion of T and NK cells in tumors but did not significantly affect their effector functions in tumors.
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Figure 7. Immune effector cells in tumors from CD200R-deficient mice and their functional roles

Flow cytometry was used to analyze expression of immune effector molecules in tumor infiltrating CD4", CD8", or NK1.1*TCR™ NK cells.

(A-D) Percent of immune effector cells in NB9464D tumors.

(E-H) Percent of immune effector cells in Yummer1.7 tumors.

(I-L) CD200R™~ mice and WT were first injected with NB9464D cells to establish tumors. CD200R™~ mice with established tumors were then treated with
anti-CD4 (1), anti-NK1.1/anti-CD8 (J), anti-CD8 (K), or anti-NK1.1 (L) antibodies or relative control antibodies. Tumor growth was monitored by measuring
tumor length and width every 2 days. Tumor growth kinetics (average tumor volume over time) are shown. *p < 0.05 by two-sided student t test.

DISCUSSION

In this study, we have made a notable observation that, in the absence of CD200R signaling, TAMCs up-
regulate CCL24 and CCL8 and downregulate CXCL3, CXCL2, and CCL3 via activation of ERK and/or p38
MAP kinases. Reduction of CXCL3, CXCL2, and CCL3 is associated with reduced infiltration of neutrophils
in tumors. Increased expression of CCL24 in CD200R-deficient tumors resulted in infiltration of eosinophils,
which contributes to anti-tumor activity. In a recent publication,”” we reported that CD200R-deficiency re-
sulted in up-regulation of CCL8 in a different tumor model. Thus, regulation of production of chemokines in
myeloid cells in TME appears to be a general function of the CD200-CD200R pathway.

In this study, we found that CD200R-deficiency resulted in the reduction of neutrophil infiltration in both
tumor models. Downregulation of CXCL3, CXCL2, and CCL3 in TAMs and neutrophils (Figure 4) explains
why neutrophils were dramatically reduced in TME of CD200R-deficient tumors. These chemokines, espe-
cially the first two chemokines, are known to interact with CXCR2 on neutrophils to recruit neutrophils.?' =
In both mouse and human scRNA-seq datasets, expression of these chemokines has a positive correlation
with CD200R in TAMs (Figure S4) and is associated with more CD33 (a biomarker for human neutrophils)
expression in a metastatic melanoma RNA-seq dataset (Figure S5). The mechanisms for the downregula-
tion of CXCL3, CXCL2, and CCL3 in TAMs and neutrophils are not entirely clear at this stage. It seems
that inhibition of ERK activation restores the expression of these chemokine genes, suggesting that
increased activation of ERK in CD200R-deficient TAMs and neutrophils is responsible for reduced expres-
sion of these chemokines. In addition to reduced recruitment, we also observed that CD200R-deficient
neutrophils lost tumor promoting functions (Figure 3H). Neutrophils enhance tumor-associated inflamma-
tion/angiogenesis,”"*° activating tumor invasion/metastasis,”® and regulating tumor-specific T cell
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responses’’*® through a number of mechanisms, including the production of inflammatory mediators such

as S100A8/9 and IL-1p (Figure S6) and other tumor promoting enzymes.”’ The reduction of neutrophils
together with their functional impairment in TME of CD200R-deficient tumors, therefore, is a significant fac-
tor that contributes to the slower tumor growth.

Eosinophils accumulate in certain types of tumors as part of an immune response to cancer cells.”® How-
ever, the exact role of eosinophils in cancer is not fully understood. Some studies have suggested that
eosinophils may have anti-tumor properties through direct tumor cell killing via production of anti-tumor
factors such as TNF-a®" and other effector proteins,® and promoting recruitment of anti-tumor CD8"
T cells into tumors through blood vessel normalization and production of chemokines such as CXCL9
and CXCL10 ", while others have suggested that they may contribute to tumor growth and progres-
#32% through mechanisms such as promoting tumor cell proliferation®* and production of IL-13 to
promote M2 macrophage differentiation.®* In this work, we observed significantly increased tumor
infiltration of eosinophils in CD200R-deficient tumors. We found that neutralizing CCL24 reduced
numbers of eosinophils in tumors, and anti-CCL24 or anti-SiglecF treatment significantly accelerated tu-
mor growth in CD200R /™ mice (Figure 6). These observations suggest that TAM-derived CCL24 recruits
eosinophils into tumors in CD200R~/~ mice, which contributes to anti-tumor activity. However, we also
observed that a notable difference between eosinophils in tumors and peripheral lymphoid organs is
the lack of CCR3 expression in tumor eosinophils (Figure 6C). This data suggests that the function of
CCL24 in TME may be limited to recruiting peripheral eosinophils into tumors but lacks direct functional
impacts on tumor eosinophils. Although at this stage, we do not know the exact mechanisms of how eo-
sinophils inhibit tumor growth in our experimental system, we believe that they may do so by 1) direct
tumor cell killing by production of anti-tumor factors such as TNF and other effector molecules, and 2)
enhancing the recruitment of anti-tumor T cells by normalization of tumor vasculature and producing che-
mokines. Recruitment of anti-tumor T cells not only results in direct tumor cell killing but also serve as a

source of TNF-a. and IFN-y, which in turn will further activate eosinophils to promote their anti-tumor
19,34

sion

activity.

In addition to reduction of neutrophils and increased infiltration of eosinophils, TME analyses using scRNA-
seq and flow cytometry also revealed that tumors in CD200R™/~ mice overall had more infiltration of im-
mune effector cells including CD4* and CD8" T cells, and NK cells. Although no significant percentages
and functional changes were observed in these cell types, depletion experiments revealed that CD4"
T cells, and CD8" T cells and NK cells together are crucial in inhibiting tumor growth in CD200R™’~
mice. Thus, the overall increased infiltration of immune effectors in CD200R-deficient tumors contributes
to inhibition of tumor growth. We consider that the following mechanisms contribute to increased accumu-
lation of T and NK cells. First, increased expression of chemokines such as CCL8 and CCL24 may contribute
to increased infiltration of immune effectors in CD200R-deficient tumors directly or indirectly. CCL24 is a
chemokine that is mainly chemotactic to eosinophils'® but also to resting T cells.?® CCL8, also known as
MCP-2,%¢ has much broader functions, as it can attract monocytes, T lymphocytes, natural killer cells
(NK), basophils, mast cells, and eosinophils.37 Second, increased eosinophils and reduced neutrophils
numbers and functions may also contribute to more T and NK cell accumulation in CD200R-deficient
tumors. As discussed above, eosinophils were shown to promote T cell accumulation in tumors,'? while
neutrophils can have an immunosuppressive role in cancer that promotes tumor growth, primarily by
dampening the recruitment of other immune cells.?® It is intriguing that we did not observe significant func-
tional differences between WT and CD200R-deficient T and NK cells (Figure 7) despite reduced neutro-
phils. We do not rule out the possibility that the intrinsic effects of CD200R-deficiency in T and NK cells
may impact their phenotypes. Additionally, CD200R signaling in other cell types such as Tregs may also
impact the functions of effector T cells.

In this work, we used the human-relevant CD200* NB9464D and Yummer 1.7 tumor models to evaluate the
role of the CD200-CD200R pathway in the TME and its relevance in tumor growth. We found that in
CD200R™~ mice, both tumor types grew significantly slower than in wild type mice. The slower tumor
growth observed in these two models is inconsistent with our previous observations in the B16 melanoma
model, where B16-CD200 tumors grew faster in CD200R™~ mice.*” Similarly, we recently observed that
Yumm?1.7 tumors also grew faster in CD200R™~ mice.”® At this stage, we do not have a definitive answer
to these controversies. It seems that the two tumor models tested in this work are more immunogenic
compared to the B16 and Yumm1.7 models we used previously. Another potential explanation is that
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CD200R signaling in different cell types plays different roles in TME. However, this hypothesis needs to be
tested using conditional deletion of CD200R in different lineages of immune cells.

Taken together, we have found that in the absence of CD200R, TAMs up-regulate CCL24 and CCL8 and
down-regulate CXCL3, CXCL2, and CCL3 via activation of ERK and/or p38 MAP kinases. As a result,
reduced infiltration of neutrophils and increased infiltration of eosinophils and other immune effector cells,
including T and NK cells were observed in CD200R-deficient tumors. Importantly, CD200R-deficient
TAMC:s also showed impaired tumor promoting functions. These factors together contribute to increased
anti-tumor activity in the absence of CD200R. Thus, we conclude that CD200R-mediated signaling, via
interaction with CD200 on tumor cells, contributes to unfavorable TME primarily through chemokine-
dependent recruitment of immune suppressive neutrophils and exclusion of anti-cancer immune effectors.
Currently, blockade of CD200-CD200R pathway using antagonistic antibodies to CD200 ' or CD200R
(NCT05199272) is in clinical trials of human cancers, our data thus will provide significant insights on how
this approach may work in these human trials.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Mice and tumor establishment

C57BL/6 mice were purchased from The Jackson Laboratory, and CD200R ™/~ mice were originally gener-
ated via a contract with Taconic Farms and were bred into the C57BL6 background for over 12 genera-
tions.*” Mouse genotypes were confirmed using standard PCR genotyping or flow cytometry analysis of pe-
ripheral lymphocytes. All mice were maintained and cared for in The Ohio State University (OSU) laboratory
animal facilities which are fully accredited by OSU Institutional Animal Care and Use Committee (IACUC)
and in accordance with the National Institutes of Health guidelines (Guide for the Care and Use of Labo-
ratory Animals). 8-12 weeks old adult mice were used in the present study, and male or female mice
were randomized into different experimental groups before use. To establish subcutaneous (s.c.) tumors
in C57BL/6 and CD200R ™’ “mice, 3-4 x 10° NB9464D cells (provided by Ruoning Wang) or 1 x 10° Yum-
mer1.7 cells (Millipore Sigma, Cat#SCC245) in 100 ul PBS were injected into each mouse s.c. The develop-
ment of tumors was monitored in a blinded manner, and tumors were measured for length (a) and width
(b) every two-three day using a digital caliper and tumor volumes were calculated as (a*b?)/2.

METHOD DETAILS

Single cell RNA sequencing and data analysis

Eight weeks old WT and CD200R™~ male C57BL/é mice were inoculated s.c. with 3 X 10° NB9464D tumor
cells. On day 28 post inoculation, single cell suspensions were prepared from the tumors after mechanical
disruption and enzymatic digestion with 1 mg/mL Type IV Collagenase (Sigma). Live total tumor cells or
CD45" infiltrating leukocytes were sorted on a BD FACSAria llu Cell Sorter and immediately processed
for scRNA-seq. Experimental procedures for scRNA-seq followed established techniques using the Chro-
mium Next GEM Single Cell 3’ Kit v3.1 (10x Genomics). Briefly, total tumor cells or FACS-sorted
CD45"tumor infiltrating leukocytes were loaded onto a Chromium Next GEM Genomics Chip G and emul-
sified with Chromium Next GEM Single Cell 3 Gel Bead (v3.1) using a Chromium Controller. Libraries were
constructed from the barcoded cDNAs (Genomics Shared Resources, Ohio State University Comprehen-
sive Cancer Center) and sequenced for approximately 300 million reads/samples on a NovaSeq SP flow
cell (Illumina) at the Core facility (Ohio State University Comprehensive Cancer Center).

Using the Cell Ranger software (v.6.0.1), we converted BCL files into FASTQ files, trimmed adapters and
primer sequences, mapped reads to the mm10 reference genome, and quantified expression levels. In this
step, to eliminate low-quality and dying cells, we filtered out cells with counts less than 200 and those with
>5% mitochondrial counts. Then, we used the Seurat software (v.4.0.5) for the downstream analysis, based
on the count data obtained from Cell Ranger. Specifically, we normalized counts using the LogNormalize
approach (i.e., the NormalizeData function), found variable genes via the FindVariableFeatures function, in-
tegrated multiple samples utilizing the functions of SelectintegrationFeatures, FindIntegrationAnchors, and
IntegrateData, reduced dimensionality by Principal Component Analysis (PCA), visualized cells in a low-
dimensional space using the Uniform Manifold Approximation and Projection (UMAP) algorithm,*® and deter-
mined cell clusters using the shared nearest neighbor (SNN) modularity optimization based clustering algo-
rithm.*" Moreover, we performed pathway enrichment analysis using enrichR*? (v.3.1).

Antibodies and flow cytometry

Fluorescence labeled monoclonal antibodies to mouse CD45 (30-F11, 565478, BD Biosciences), CD3 (145-
2c11, 562332, BD Biosciences), CD4 (GK1.5, 100434, Biolegend), CD8a (53-6.7, 563152, BD Biosciences),
NK1.1 (Pk136, 740853, BD Biosciences), CD11b (M1/70, 17-0112-83, eBioscience), CD200 (OX-90,
123810, Biolegend), CD200R (OX110, 46-5201-82, eBioscience), Gr-1 (RB6-8C5, 108406, Biolegend), Ly6C
(HK1.4, 128006, Biolegend), F4/80 (T45-2342, 565613, BD Biosciences), Ly6G (1A8, 740157, BD Biosciences),
SiglecF (517007L, 155506, Biolegend), TCRB (H57-597, 109220, Biolegend), CCR2 (475301, 747963, BD Bio-
sciences), CD44 (IM7, 12-0441-82, eBioscience), CD62L (MEL-14, 17-0621-83, eBioscience), Foxp3 (NRRF-
30, 12-4771-82, eBioscience), TNF-a (XT22, 563943, BD Biosciences), IFN-y (XMG1.2, BD Biosciences),
Granzyme B (QA18A28, 396414, Biolegend), Perforin (eBioOMAK-D, 12-9392-80, eBioscience), phospho-
ERK (6B8B&9, Biolegend), phosepho-p38 (36/p38, BD Biosciences) and phospho-JNK (N9-66, BD Biosci-
ences), and isotype-matched control antibodies were purchased from Biolegend or BD Biosciences. All
antibodies utilized in this work were validated prior to utilization. Mononuclear cells from tumors were pre-
pared as we previously described.*” For cell surface staining, cells were incubated with antibodies in 0.1 M
PBS (pH7.4) supplemented with 1% FCS and 0.1% sodium azide on ice for 30 minutes. Cells were then
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washed three times and fixed in 1% paraformaldehyde, followed by flow cytometry analysis. For staining of
phospho-proteins (ERK, p38, and JNK), the cells were fixed and permeabilized with the permeabilization
buffer (Invitrogen) for 30 min at 4°C. Subsequently, the cells were incubated with the cell surface antibodies
and phospho-protein antibodies for 30 min at 4°C. For intracellular staining of TNF-¢, IFN-y, Granzyme B,
Perforin, or Foxp3, cells were first stimulated with a cell stimulation cocktail (Invitrogen) for 4 hrs (TNF-a,
IFN-y) in the presence of Gorgistop (BD Biosciences) or unstimulated (Granzyme B, Perforin, Foxp3).
The cells were first stained for the cell surface markers (CD4/CD8/NK1.1/TCR-b), followed by a standard
intracellular cytokine staining procedure. A Celesta flow cytometer (BD) was used to detect stained cells.
Data was analyzed using the flowjo software (Tree Star, Inc., OR).

ELISA

The following ELISA kits, including mouse CCL8 (MCP-2; Biolegend, Cat#446904), mouse CCL24 (Eotaxin-
2; Thermo Scientific, Cat#EMCCL24), mouse CCL3 (MIP-1a; R&D Systems, Cat#MMAQQ), mouse CXCL2
(MIP-2; R&D Systems, Cat#MM?200), and mouse CXCL3 (Abcam, Cat#ab272191), were used to quantify che-
mokines in tumor lysates or culture supernatants from BMDM/NB9464D co-cultures according to manufac-
turer’s instructions.

Real-time PCR

Quantitative real-time PCR was done using previously determined conditions (33). The following primers
were used for amplifying the chemokine genes: CCL8, 5'-ACGCTAGCCTCCACTCCAAA-3 (forward) and
5-GAGCCTTATCTGGCCCAGTC-3' (reverse); CCL24, 5'-CATCTTGCTGCACGTCCTTT-3' (forward) and
5-ATGGCCCTTCTTGGTGATGA-3 (reverse); CCL3, 5-GAAGATTCCACGCCAATTCATC-3' (forward)
and 5-GATCTGCCGGTTTCTCTTAGTC-3' (reverse); CXCL2, 5-TAAGCACCGAGGAGAGTAGAA-3' (for-
ward) and 5-GTCCAAGGGTTACTCACAACA-3 (reverse); CXCL3, 5-GCACCCAGACAGAAGTCATAG-3
(forward) and 5’-ACTTGCCGCTCTTCAGTATC-3 (reverse). Each sample was assayed in triplicate, the rela-
tive gene expression was calculated by plotting the Ct (cycle number), and the average relative expression
for each group was determined using the comparative method (2724,

Generation of bone marrow derived macrophages and co-culture with tumor cells

Bone marrow (BM) cells from C57BL/6 and CD200R ™~ mice were plated in 15 cm culture dishes in DMEM
medium containing 10% FBS and M-CSF (50 ng/ml) or L929-conditioned medium as described.”® The cells
were allowed to grow in an incubator at 37°C for 3 days. On day 3, fresh culture medium was added to the
plate and allowed to grow for another 2 days. Macrophages (adherent cells) were dissociated on day 5 us-
ing 5 mM EDTA and re-suspended in DMEM medium containing 10% FBS. The macrophages (1x10° cells/
ml) were then co-cultured with NB9464D tumor cells at 1:1 ratio. 24 and 48 hours later, culture supernatants
were collected for ELISA. The detached cells were used for flow cytometry analysis or gPCR for chemokine
gene expression analysis. For some experiments, inhibitors of ERK (SCH772984, 1 uM), p38 (LY2228820,
5 uM), and JNK (SP600125, 5 uM) were added to the co-cultures.

In vivo tumor promotion assay

Ly6G™* neutrophils were used to mix with were purified from bone marrow cells from WT and CD200R /"~
mice using Biotin-anti-Gr1 (RB6-8C5; BD Biosciences) followed by magnetic antibody cell separation using
anti-biotin microbeads (Miltenyi Biotec, Auburn, CA) as we previously described.”* NB9464D cells were
mixed with BMDMs or Ly6G™ neutrophils at a 1:1 ratio and 6 million mixed cells or 3 million NB9464D cells
were injected into each recipient mouse s.c. Tumor growth was monitored by measuring tumor length and
width every 2 days after the appearance of tumors.

Treatment of mice with established tumors

We first established NB9464D tumors in male or female CD200R™~ mice by injecting 3 x 10° NB9464D
cellsin 100 ul PBS. When tumors are palpable (typically 14 days after tumor cell injection), mice were treated
with 15 pg/mouse of anti-SiglecF (238047, R&D Systems) or a control IgG2a antibody (BioXcell) every other
day. This dose of anti-SiglecF has been shown to be sufficient to deplete Eosinophils.'” Similarly, some
CD200R™~ mice with established NB9464D tumors were treated with 25 pg/mouse of anti-CCL24 neutral-
izing antibody (R&D Systems, Cat#AF528) or a control antibody (Cat#BE0130, BioXcell) every other day. In
some experiments, mice were treated with anti-CD4 (GK1.5, BE0O03-1, BioXcell), anti-CD8 (53-6.7,
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BE0004-1, BioXcell), anti-NK1.1 (PK136, BP0036, BioXcell) or anti-CD8+anti-NK1.1 twice weekly to deplete
CD4, CD8 and/or NK cells in tumor bearing mice.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analyses were performed using GraphPad Prism 9.5 software (GraphPad Software Inc, La Jolla,
CA, USA). All continuous data were presented as mean + standard error of the mean (SEM) unless other-
wise indicated. The differences between the treatments and the untreated control were compared using
two sample t-tests (assuming unequal variance) for continuous data with proper data transformation as
needed or one way ANOVA. p < 0.05 was considered statistically significant. Sample size of 5-6 mice
per group was used and replicate experiments were conducted to ensure the technical reproducibility.
Sample size of 5 per group provided at least 80% power to detect an effect size of 2 between the two
groups assuming the coefficient of variance <35% at significance level of 0.05. Two proportion z-test
was used for the scRNAseq data to compare number differences between cell clusters in tumors from
WT versus CD200R™~ mice. Wilcoxon rank sum test was used to compare expression of chemokine genes
(scRNA-seq) between tumors from WT and CD200R™~ mice.
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