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Abstract 25 

C-C chemokine receptor type 2 (CCR2) is the receptor for C-C motif chemokine 2 (CCL2) and is 26 

associated with various inflammatory diseases and cancer metastasis. Although many inhibitors for 27 

CCR2 have been developed, it remains unresolved which inhibitors are the most effective in the clinical 28 

setting. In the present study, we compared 10 existing human CCR2 antagonists in a calcium influx 29 

assay using human monocytic leukemia cells. Among them, MK0812 was found to be the most potent 30 

inhibitor of human CCR2. Furthermore, we generated a human CCR2B knock-in mouse model to test 31 

the efficacy of MK0812 against a lung metastasis model of breast cancer. Oral administration of 32 

MK0812 to humanized mice did indeed reduce the number of monocytic myeloid-derived suppressor 33 

cells and the rate of lung metastasis. These results suggest that MK0812 is the most promising candidate 34 

among the commercially available CCR2 inhibitors. We propose that combining these two screening 35 

methods may provide an excellent experimental method for identifying effective drugs that inhibit 36 

human CCR2. 37 
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The cancer niche is the microenvironment that supports the proliferation, invasion, and metastasis of cancer 42 

cells. It includes immune cells such as tumor-associated macrophages (TAMs), polymorphonuclear 43 

myeloid-derived suppressor cells (PMN-MDSCs), monocytic myeloid-derived suppressor cells (M-MDSCs), 44 

regulatory T cells (Tregs), and regulatory B cells (Bregs). Typically, immune cells eliminate cancer cells, but 45 

as cancer progresses, the cancer cells educate these immune cells through molecules such as cytokines and 46 

chemokines. This in turn transforms the cells surrounding the cancer into cells that promote cancer 47 

progression, creating a microenvironment favorable for cancer cell growth and metastasis (1). 48 

M-MDSCs promote tumor development and metastasis by inhibiting T cells through the action of 49 

various molecules (2, 3), such as IL-10, TGF-, and CD40, which induce the differentiation of CD4 T cells 50 

into Tregs (4, 5). M-MDSCs also produce arginase 1, which decreases the levels of L-arginine, an amino acid 51 

essential for T-cell response (6). Additionally, they metabolize tryptophan into kynurenine through 52 

indoleamine 2, 3-dioxygenase, which inhibits T cell proliferation (7). Programmed cell death-ligand 1 53 

(PD-L1) and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), both of which can inhibit T cells 54 

through cell-cell interaction, are both expressed on MDSCs (3). 55 

The C-C chemokine receptor type 2 (CCR2) and its ligand, C-C motif chemokine 2 (CCL2, also 56 

known as monocyte chemotaxis protein 1), have attracted the interest of many researchers because of their 57 

potential role in cancer progression. (8). M-MDSCs are induced by both tumor-derived and stromal-derived 58 

CCL2 to transform into TAMs in the tumor microenvironment, resulting in the formation of a cancer niche (9, 59 

10). Subcutaneous transplantation of LLC1 (Lewis lung carcinoma) cells into CCR2-deficient mice reduced 60 

the number of TAM in the lungs and suppressed lung metastasis compared with wild-type mice (11, 12). Some 61 

studies have shown that CCR2 inhibitors can suppress tumor growth by preventing the accumulation of 62 

M-MDSCs at the tumor site. For instance, propagermanium, a CCR2 inhibitor, was found to inhibit the spread 63 

of melanoma cell lines to the lungs by reducing the number of M-MDSCs in the lungs (10). Likewise, 64 

PF04136309, another CCR2 inhibitor, showed antitumor effects by inhibiting the accumulation of M-MDSCs 65 

and TAMs in a mouse model of pancreatic ductal adenocarcinoma (13). 66 

CCR2 has been considered a promising therapeutic target for cancer, as well as diabetes and multiple 67 

sclerosis (8, 14, 15). Several CCR2 inhibitors have been developed and tested in clinical trials (16). A Phase Ib 68 

study was conducted to evaluate the efficacy of the CCR2 inhibitor PF-04136309 in combination with 69 



FOLFIRINOX in patients with borderline resectable and locally advanced pancreatic cancer (NCT01413022) 70 

(17). The study showed that toxicity was manageable and tolerable, and partial responses (PR) were achieved 71 

in 48% of patients. However, given that human and mouse CCR2 are structurally different and that many of 72 

the antagonists developed have been ineffective against mouse CCR2, it is technically difficult to determine 73 

the clinical efficacy of each CCR2 inhibitor using mouse models. 74 

In the present study, we first conducted a calcium influx assay using human monocytic leukemia 75 

cells. MK0812 was identified as the most potent antagonist of human CCR2 in the calcium influx assay. Its 76 

IC50 (50% inhibitory concentration) value was approximately four times lower than that of PF04136309, 77 

which showed therapeutic efficacy in clinical trials for pancreatic cancer (17). To further evaluate the 78 

pharmacokinetics and efficacy of MK0812, we generated human CCR2B knock-in mice. Oral administration 79 

of MK0812 inhibited the accumulation of M-MDSCs in the lungs, and showed a therapeutic effect in a breast 80 

cancer lung metastasis model. These results indicate that MK0812 has excellent potential as a therapeutic 81 

candidate for inhibiting human CCR2. Moreover, our human CCR2B knock-in mice constitute a valuable 82 

preclinical model to evaluate the effectiveness of CCR2 antagonists in treating various conditions. 83 

 84 

Materials and methods 85 

Nucleotides 86 

A list of the nucleotides used in the study is provided in Table 1. 87 

 88 

Animals 89 

All animal experiments were approved by the animal ethics committee of Kyushu University (approval code 90 

A22-242-0) and were conducted in compliance with university guidelines and regulations for animal 91 

experimentation. Mice were housed in the specific pathogen–free animal facility at Kyushu University 92 

following institutional guidelines and under the following conditions: ambient temperature of 22°C, humidity 93 

of 50 to 60%, 12-hour light/12-hour dark cycle, and free access to water and rodent chow (CA-1, CLEA 94 

Japan) as described previously (18). All experiments were performed with female mice aged between eight to 95 

twelve weeks on the C57BL/6J background. C57BL/6J mice were obtained from The Jackson Laboratory.  96 

 97 



Generation of human CCR2B knock-in mice 98 

The targeting vector for CCR2 was constructed by replacement of a 1.1-kbp fragment of genomic DNA 99 

containing exons III of the CCR2 gene with a human CCR2B cassette, as shown in Figure 3A. This vector was 100 

electroporated into ES (embryonic stem) cells with the pX330-U6-Chimeric_BB-CBh-hSpCas9 vector 101 

encoding Cas9 protein and guide RNA sequences (Table 1). Human CCR2B knock-in ES cells were obtained 102 

by PCR analysis of cloned ES cells. To confirm that non-specific incorporation of the human CCR2B allele 103 

into the genome has not occurred, DNA prepared from PCR-positive clones was digested with BamHI, 104 

transferred to a nylon membrane, and then subjected to Southern blot analysis with the probes. Human CCR2B 105 

knock-in ES cells were microinjected into C57BL/6J blastocysts, and resulting male chimeras were mated 106 

with C57BL/6J mice. Germ-line transmission of the human CCR2B allele was confirmed by PCR analysis. 107 

Heterozygous offspring were intercrossed to produce homozygous knock-in mice. 108 

 109 

Generation of mouse CCR2 knockout mice 110 

Ribonucleoprotein (RNP) was prepared by mixing the CRISPR RNA (crRNA) (Table 1) and transactivating 111 

crRNA (tracrRNA) with recombinant Cas9 protein (Integrated DNA Technologies). Mouse zygotes of the 112 

C57BL/6J strain were subjected to electroporation with RNP. DNA from mosaic offspring tails was used to 113 

identify CCR2 mutant mice by T7E1 assay and Sanger sequencing. CCR2 mutant offspring were mated with 114 

C57BL/6J mice. PCR analysis confirmed the germ-line transmission of the CCR2 mutant allele (Table 1). 115 

Heterozygous offspring were intercrossed to produce homozygous knockout mice. 116 

 117 

T7E1 assay 118 

PCR products using DNA from mouse tail were denatured in NEBuffer 2 (New England Biolabs), reannealed, 119 

treated with T7 Endonuclease I (New England Biolabs) at 37°C for 30 min, and run on 0.75% agarose gel. 120 

Primer sequences used for PCR are shown in Table 1. 121 

 122 

Cell culture 123 

E0771 (CH3 BioSystems) cells were maintained at 37°C in RPMI 1640 medium (Sigma-Aldrich) 124 

supplemented with 10% fetal bovine serum (Invitrogen), 1 mM sodium pyruvate, 100 U/ml penicillin, 100 125 



μg/ml streptomycin, 2 mM L-glutamine, and ten ml/l nonessential amino acids (Gibco), 10 mM HEPES 126 

(Sigma-Aldrich). 127 

 128 

Lung metastasis model and therapeutic experiment 129 

Tumor cells (5 × 105 E0771 cells) were injected into the tail vein of mice. Mice were perfused with PBS 130 

(heparin 10 U/ml), and lungs were removed. MK0812 (TargetMol) was dissolved in dimethyl sulfoxide 131 

(DMSO) and corn oil and administered orally (15 mg/kg twice daily) for eight days. 132 

 133 

Flow cytometry 134 

Flow cytometry analysis was performed as described previously (18). Single-cell suspensions were obtained 135 

from the lung by digestion with collagenase (1 mg/ml) (Wako) at 37 °C for 60 min, followed by passing 136 

through a 70-μm cell strainer and lysis of red blood cells (0.14 M NH4Cl and 0.01 M Tris-HCl at pH 7.5) for 5 137 

min at room temperature. Bone marrow mononuclear cells flushed from the tibia and femur of mice were 138 

suspended in Hanks' balanced salt solution (HBSS) and lysed (0.14 M NH4Cl and 0.01 M Tris-HCl at pH 7.5) 139 

for 10 min at room temperature. The isolated cells were Fc-blocked for 15 min with anti-CD16/32 (2.4G2, BD 140 

Biosciences) and stained with antibodies to CD45.2 (104, BioLegend), to CD11b (M1/70, BioLegend), to 141 

Ly6G (1A8, BioLegend) and Ly6C (AL-21, BD Biosciences) for 30 min. The stained cells were treated with 142 

7-AAD (BD Biosciences) to exclude dead cells and analyzed with a FACSVerse, FACSAria, or 143 

FACSymphony A1 flow cytometer (Becton Dickinson). 144 

 145 

Calcium influx assay 146 

THP-1 cell line (in HBSS with 0.05% BSA) was incubated with Fure 2-AM (final concentration 5.0 M) for 147 

30 min at 37°C in the dark, washed twice with HBSS with 0.05% BSA and added each CCR2 inhibitor 148 

(MK0812 (Cayman), PF04634817 (Sigma-Aldrich), PF04136309 (PharmaBlock), INCB3344 (Chemscene), 149 

Cenicriviroc (Axon), JNJ2714149 (R&D systems), CCR2-RA-[R] (MedChemExpress), CAS-445479-97-0 150 

(Santa Cruz Biotechnology), RS504393 (Sigma-Aldrich) and RS102895 (Sigma-Aldrich)). After 30 min of 151 

incubation, recombinant Human CCL2 (BioLegend) prepared at 50 nM in HBSS with 0.2% BSA was applied, 152 

and fluorescence was detected by FDSS 7000EX (Hamamatsu Photonics). The ratio of Fluorescence 153 



(excitation at 340 nm, emission at 540 nm) to Fluorescence (excitation at 380 nm, emission at 540 nm) at each 154 

time point was subtracted from that before CCL2 application, and the IC50 was calculated based on the 155 

maximum value. 156 

 157 

Statistical analysis 158 

Quantitative data were subjected to statistical analysis as indicated and are presented as means ± SEM. A P 159 

value less than 0.05 was considered statistically significant. 160 

 161 

Results 162 

Lung metastasis of breast cancer is suppressed in CCR2 knockout mice 163 

To confirm CCR2 as a therapeutic target for breast cancer lung metastasis in mice, we first generated CCR2 164 

knockout (CCR2 KO) mice. CRISPR RNA (crRNA) consisting of guide RNA and RNA complementary to 165 

transactivating crRNA (tracrRNA) was electroporated into mouse zygotes with tracrRNA and Cas9 protein. 166 

The guide RNA was designed to target sequences near the 5' end of the CCR2 open reading frame (ORF) (Fig. 167 

1A). The CCR2 ORF region was amplified by PCR using DNA from the tails of mice obtained by 168 

CRISPR/Cas9 electroporation (Fig. 1A), and the T7E1 assay was performed (Fig. 1B). Finally, one mosaic 169 

mouse was found with a 5 bp deletion in the ORF region of CCR2, indicating that only the short truncated 170 

protein is translated by frameshift (Fig. 1C). This CCR2 mutant mosaic mouse was crossed with C57BL/6J 171 

mice, and heterozygous offspring were intercrossed to produce homozygous mice. We confirmed the 172 

deficiency of CCR2 by flow cytometry analysis of bone marrow cells from these homozygous mice (Fig. 1D). 173 

We recovered lung cells from these CCR2 knockout mice and performed flow cytometry analysis confirming 174 

that the number of M-MDSCs (CD45+CD11b+Ly6G–Ly6C+ cells) in the lung was reduced compared with that 175 

of wild-type mice (Fig. 1E). 176 

We previously showed that the CCR2 antagonist propagermanium suppressed spontaneous 177 

metastasis of the breast cancer cell line E0771 by inhibiting the accumulation of M-MDSCs (10). To test 178 

whether lung metastasis of breast cancer cells is also suppressed in CCR2 knockout mice, we injected E0771 179 

cells stably overexpressing the fluorescent protein tdTomato through the tail vein of the mice, and lung 180 

metastasis was evaluated (Fig. 1F). We confirmed that lung metastasis was indeed suppressed in CCR2 181 



knockout mice compared with wild-type mice (Fig. 1G). These results suggest that the tail vein injection of 182 

the E0771 breast cancer cell line can be used as a useful evaluation system for CCR2 inhibitors targeting lung 183 

metastasis. 184 

 185 

MK0812 is the most potent human CCR2 inhibitor 186 

CCR2 is a therapeutic target molecule for various diseases including cancer, and many inhibitors have been 187 

developed to date (8, 14-16). However, each has been tested in independent experimental systems and not 188 

analyzed in a unified manner. We therefore compared the efficacy of 10 commercially available human CCR2 189 

inhibitors (MK0812, PF04634817, PF04136309, INCB3344, Cenicriviroc, JNJ2714149, CCR2-RA-[R], 190 

CAS-445479-97-0, RS504393, and RS102895). CCR2 is a G protein-coupled receptor (GPCR), and binding 191 

of its ligand, CCL2, activates phospholipase C, resulting in calcium influx from the endoplasmic reticulum 192 

into the cytoplasm (19). We quantified the inhibitory activity of human CCR2 inhibitors using THP-1, a 193 

human monocytic leukemia cell line known to express CCR2 (20). Fura2-AM, a Ca2+ selective fluorescent 194 

indicator, was incorporated into THP-1 cells, treated with each human CCR2 inhibitor and recombinant 195 

human CCL2, and fluorescence was monitored by FDSS 7000EX (Fig. 2A and 2B). Among the CCR2 196 

inhibitors, MK0812 showed the lowest IC50 (1.73 nM), about 4-fold lower than PF04136309 (IC50=6.99 nM) 197 

(Fig. 2C), which showed a response in borderline resectable and locally advanced pancreatic cancer (17). 198 

RS102895 did not show 50% inhibition within the concentrations used in this study, so its IC50 could not be 199 

calculated and is not shown in Figure 2C. Although no clinical trials of MK0812 on cancer have performed to 200 

date, we propose that this compound may be a promising anticancer agent. 201 

 202 

Generation of human CCR2B knock-in mice 203 

Two splicing variants of human CCR2 (CCR2A and CCR2B) are present, and that most CCR2 expressed on 204 

the plasma membrane of hematopoietic cells is CCR2B (21). Also, human peripheral blood monocytes and 205 

mouse peritoneal macrophages expressing human CCR2B exhibit chemotaxis to mouse CCL2 (22). In 206 

addition, treatment with the CCR2 antagonist CCX140-B reduced the number of inflammatory macrophages 207 

in adipose tissue and decreased fasting blood glucose and insulin levels (23). 208 



To verify the anti-tumor effect of MK0812 in vivo, we generated mice in which the endogenous 209 

CCR2 ORF was replaced with human CCR2B ORF (hereafter referred to as human CCR2B knock-in mice). 210 

Vectors encoding the human CCR2B ORF and the homologous arm for mouse CCR2 were electroporated into 211 

embryonic stem (ES) cells with vectors encoding Cas9 and guide RNA sequences (Fig. 3A). Human CCR2B 212 

knock-in ES cells (Clone #29) were obtained by PCR genotyping of cloned ES cells (Fig. 3B). Southern blot 213 

analysis revealed no nonspecific incorporation of human CCR2B into the mouse genome (Fig. 3C). Chimeric 214 

mice (F0 generation) were obtained by microinjection of the human CCR2B knock-in ES cells into blastocysts 215 

(Fig. 3D). Next, the F1 generation was obtained by mating the chimeric mice with wild-type C57BL/6 mice, 216 

and the propagation of the ES cells to the germ line was confirmed by their coat color (Fig. 3E). The F1 217 

generation was then genotyped to verify that human CCR2B was indeed knocked in the mouse CCR2 locus 218 

(Fig. 3F). Heterozygous offspring were intercrossed to produce homozygous human CCR2B knock-in mice. 219 

We analyzed bone marrow cells from these homozygous mice by flow cytometry and confirmed the 220 

expression of human CCR2 (Fig. 3G). 221 

 222 

MK0812 suppresses cancer metastasis in humanized mice 223 

We next tried to examine whether MK0812 inhibits cancer metastasis in vivo. We injected the 224 

tdTomato-labeled E0771 cancer cell line into the tail vein of human CCR2B knock-in mice, and MK0812 was 225 

orally administered (15 mg/kg, twice daily) for eight days starting two days later (Fig. 4A). We performed 226 

flow cytometry analysis of lung cells and found that the number of M-MDSCs were significantly reduced in 227 

mice treated with MK0812 compared with control mice. Correspondingly, MK0812 treatment also suppressed 228 

lung metastasis of E0771 cells in human CCR2B knock-in mice (Fig. 4B and 4C). No apparent side effects or 229 

weight loss were observed in mice treated with MK0812. These results suggest that MK0812 has therapeutic 230 

potential in clinical human cancer metastasis. 231 

 232 

Discussion 233 

CCR2 is a chemokine receptor that plays a key role in monocyte infiltration and tumor immunity in response 234 

to CCL2. The CCR2-CCL2 axis has been considered a promising target for cancer treatment, and many 235 

inhibitors for CCR2 have been developed, with some undergoing clinical trials (16). However, the 236 



development of potent inhibitors for CCR2 has been hampered by the lack of animal models to assess the 237 

efficacy of inhibitors in the clinical setting. In the present study, we examined the effectiveness of 10 human 238 

CCR2 inhibitors using two screening methods, a calcium influx assay using human monocytic leukemia cells 239 

and cancer metastasis assay using human CCR2B knock-in mice. Our results indicate that MK0812 is the most 240 

potent inhibitor of human CCR2, outperforming drugs such as PF04136309 and Cenicriviroc, which are in the 241 

clinical trials (17, 24). Oral administration of MK0812 to human CCR2B knock-in mice did not result in 242 

weight loss or other serious side effects, despite remarkable efficacy of this drug in suppressing lung 243 

metastases. We have also listed each inhibitor by IC50, providing new insights into future CCR2 antagonist 244 

development based on structural and other information. 245 

Furthermore, CCR2 serves as a potential therapeutic target for an array of inflammation-related 246 

diseases, including diabetes, lupus nephritis, non-alcoholic steatohepatitis, chronic obstructive pulmonary 247 

disease, and primary sclerosing cholangitis (PSC) (15, 25-28). In phase II clinical trials, Cenicriviroc 248 

demonstrated only moderate improvement in PSC (24). Given that Cenicriviroc is a 16-fold weaker inhibitor 249 

than MK0812 in our calcium influx assay, more potent CCR2 antagonists may effectively treat various 250 

inflammation-related diseases. 251 

There are some limitations to this study that need to be considered. Firstly, not all CCR2 inhibitors 252 

were examined in the cancer metastasis model using human CCR2B knock-in mice, and the IC50 of CCR2 253 

inhibitors was only determined through the calcium influx assay. Given that propagermanium was shown to 254 

block the migratory properties of CCL2 without inhibiting calcium influx into the cell (29), however, our 255 

calcium influx assays may not be able to assess anti-CCR2 effects for some drugs. Second, the 256 

pharmacokinetics of drugs in human CCR2B knock-in mice may not reflect their pharmacokinetics in humans. 257 

To summarize our findings, MK0812 showed the most potential as a CCR2 antagonist out of 10 258 

candidates. Without any side effects, it effectively suppressed breast cancer lung metastasis in human CCR2B 259 

knock-in mice. This finding could aid in the development of future drugs that inhibit the CCL2-CCR2 axis for 260 

a number of diseases. 261 
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Figure legends 368 

Fig. 1. CCR2 inhibition suppresses lung metastasis of breast cancer cell line. (A) Strategy for generating 369 

mouse CCR2 knockout mice by CRISPR/Cas9 electroporation. The target sequence of the guide RNA was 370 

designed on the 5' end side of the mouse CCR2 ORF (open reading frame). Ribonucleoprotein was prepared 371 

by mixing the CRISPR RNA (Table 1) and transactivating crRNA with recombinant Cas9 protein. Mouse 372 

zygotes of the C57BL/6J strain were subjected to electroporation with RNP. (B) T7E1 assay of mosaic mice 373 

obtained by CRISPR/Cas9 electroporation in Figure 1A. The CCR2 ORF regions of mosaic and wild-type 374 

mice were amplified by PCR using DNA obtained from the tails, and the PCR products were denatured, 375 

reannealed, and treated with T7E1 endonuclease I. CCR2 mutations were found in mouse #6 (shown in red). 376 

(C) Sanger sequencing the mouse CCR2 ORF region in mouse #6. (D) Flow cytometry analysis of bone 377 

marrow cells recovered from wild-type and CCR2 knockout (KO) mice using anti-mouse CCR2 378 

(Anti-mCCR2) antibody. (E) Flow cytometry analysis of lung M-MDSCs in wild-type and CCR2 KO mice. 379 

***p < 0.001 (unpaired two-sided Student's t-test). (N = 4). (F) Schematic representation of breast cancer cells' 380 

lung metastasis evaluation assay. Wild-type or CCR2 KO mice were injected with tdTomato-labeled E0771 381 

cancer cell line into the tail vein, and 14 days later, lungs were removed and evaluated for tdTomato-positive 382 

lung metastases. (G) Lung metastases were evaluated 14 days after tail vein injection of tdTomato-labeled 383 

E0771 cancer cell line. Lungs were photographed under blue light irradiation (left). The percentage of 384 

tdTomato-positive area in the lung was quantitated with ImageJ software. (right). ***p < 0.001 (unpaired 385 

two-sided Student's t-test). Scale bars: 5 mm. (N = 15 for Wild-type; N = 9 for CCR2 KO). 386 

 387 

Fig. 2. MK0812 is the most potent human CCR2 inhibitor. (A) Schematic diagram of human CCR2 388 

inhibitor screening. (B) Fura 2-AM-incorporated THP-1 cell lines were stimulated with each human CCR2 389 

inhibitor and recombinant human CCL2, and fluorescence was detected. The vertical axis is the ratio of 390 

Fluorescence (excitation at 340 nm, emission at 540 nm) to Fluorescence (excitation at 380 nm, emission at 391 

540 nm) at each time point. (C) IC50 summary calculated based on the results in (B) (N = 3). 392 

 393 

Fig. 3. Generation of human CCR2B knock-in mice. (A) Strategy for generating human CCR2B knock-in 394 

ES cells by homologous recombination. The human CCR2B knock-in construct consists of human CCR2B 395 



ORF (open reading frame) and HA (homologous arm). (B) Genotyping of cloned ES cells by PCR. Knock-in 396 

of the human CCR2B allele was confirmed in clone #29 (shown in red). (C) Southern blot analysis of DNA 397 

from human CCR2B knock-in ES cells (clone #29). (D) F0 generation chimeric mice were obtained by 398 

microinjection of clone #29 into blastocysts. (E) F1 generation mice were obtained by crossing F0 generation 399 

chimeric mice with C57BL/6J mice. (F) Genotyping of F1 generation mice by PCR. N.C., negative control, 400 

P.C., positive control. DNA extracted from wild-type C57BL/6 mice was used as N.C. DNA extracted from 401 

chimeric mice in Figure 4D as P.C. (G) Flow cytometry analysis of bone marrow cells recovered from 402 

wild-type and human CCR2B knock-in (indicated as hCCR2B KI) mice using anti-mouse CCR2 (shown as 403 

Anti-mCCR2) or anti-human CCR2 (shown as Anti-hCCR2) antibodies. 404 

 405 

Fig. 4. MK0812 inhibits the accumulation of M-MDSCs and suppresses cancer metastasis in human 406 

CCR2B knock-in mice. (A) Schematic lung metastasis evaluation assay representation using human CCR2B 407 

knock-in (shown as hCCR2B KI) mice. Human CCR2B knock-in mice were injected with tdTomato-labeled 408 

E0771 cancer cell line into the tail vein, and two days later, MK0812 was administered orally (15 mg/kg, 409 

twice daily) for eight days. (B) Flow cytometry analysis of M-MDSCs in lungs ten days after tail vein 410 

injection of tdTomato-labeled E0771 cancer cell line. ***p < 0.001 (unpaired two-sided Student's t-test). (N 411 

= 3 for Control; N = 4 for MK0812). (C) Lung metastases were evaluated ten days after tail vein injection of 412 

tdTomato-labeled E0771 cancer cell line. Lungs were photographed under blue light irradiation (left). The 413 

percentage of tdTomato-positive cells of viable cells was analyzed by flow cytometry. (right). *p < 0.05 414 

(unpaired two-sided Student's t-test). Scale bars: 5 mm. (N = 3 for Control; N = 4 for MK0812). 415 
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