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Abstract
Background CC chemokine receptor 2 (CCR2), has been regarded to involve in tumor growth,
angiogenesis, epithelial mesenchymal transition, metastasis and immune escape etc. in recent years, but
the role and mechanism in DLBCL has not been reported yet.

Methods We examined the expression of CCR2 and assessed the relationship between the expression
level of this receptor and the clinicopathological characteristics of DLBCL patients. Next, characterization
of CCR2 expression in the development of DLBCL cell lines was explored by blocking CCR2 expression
through a novel antagonist in vitro and in vivo.

Results We showed that CCR2 expression was an independent prognostic marker that in�uenced DLBCL
patients and predicted shorter overall survival (OS) and progression-free survival (PFS). The results
showed that CCR2 antagonists inhibited the ability of DLBCL cells to proliferate, migrate and promoted
apoptosis by activating the PI3K/Akt signaling pathway and the p38MARK signaling pathway.
Furthermore, in vivo experiments, also con�rmed that CCR2 antagonists inhibited the proliferation and
metastasis of DLBCL neoplasms.

Conclusion Our study demonstrates that CCR2 expression plays an important role in the development of
DLBCL by stimulating cell proliferation, migration and anti-apoptosis. The inhibition of CCR2 may,
therefore, be a potential target for anticancer therapy in DLBCL.

Introduction
Diffuse large B cell lymphoma (DLBCL) is the most common subgroup of non-Hodgkin lymphoma in
worldwide. It is a phenotypically and genetically heterogeneous disease, accounting for approximately
30–40% of all cases[1, 2]. The addition of rituximab to standard CHOP (cyclophosphamide, doxorubicin,
vincristine and prednisone) chemotherapy signi�cantly elevated event-free and overall survival times,
50%-70% of DLBCL patients can be cured, but nearly one-third of patients develop relapsed or refractory
disease that remains a major cause of mortality and morbidity due to the limited therapeutic options[3–
5]. The prognosis of patients with newly diagnosed DLBCL depends on the prognostic clinical and
biological characteristics as de�ned in the previously developed International Prognostic Index (IPI)[6].
Because the patient prognosis within the IPI group is highly variable, novel biomarkers with potential
implications for prognosis are of great importance[7]. The novel strategy for remedy seems to merit
particular attention. Chemokines that binding to receptors play an essential role in tumorigenesis and
pathological immune pathways and have been investigated as markers of adverse prognosis in non-
Hodgkin lymphomas[8, 9]. CCR2, a G protein-coupled receptor (GPCR) that combines with CCL2 mainly,
can be detected in a diversity of cells, such as monocytes, memory T cells, as well as natural killer (NK)
cells, dendritic cells and basophils[10–13]. The CCR2-CCL2 axis recruits in�ammatory monocytes to the
tumor microenvironment (TME) and promotes polarization of selectively activated M2-phenotypes,
thereby contributing to immunosuppression and enhancing tumor vascularization, cancer extravasation
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and metastasis, including prostate cancer, pancreatic cancer, hepatocellular carcinoma[13–17]. This
receptor and its ligands have been described in the tumor-promoting effects of malignant B cells in
hematologic neoplasms such as follicular lymphoma[18]. However, there are no data on its effect on
DLBCL or its association as a prognostic marker for this condition. In this study, we evaluated the
prognostic signi�cance of this receptor in patients with DLBCL, and sought to investigate the role of
alteration of CCR2 expression in DLBCL by in vitro and in vivo experiments.

Materials And Methods

Patients and tissue samples
We recruited 138 patients with DLBCL who performed pathological biopsies at the First A�liated Hospital
and the Second A�liated Hospital of Anhui Medical University in the period 2004–2015, based on the
WHO criteria[1] and all patients have been given informed consent. The following criteria: DLBCL
pathologically substantiated; no preceding history of malignancy, transplantation, or
immunosuppression; and laboratory data and follow-up information were available, were met by all
patients. All cases were evaluated for CCR2 expression by utilizing immunohistological analysis and
sections were independently reviewed by two highly experienced pathologists. Some 73% of all patients
were treated with the CHOP (cyclophosphamide, hydroxydaunorubicin, vincristine and prednisone) and
27% with the CHOP regimen plus rituximab as primary therapy and follow-up at each of these two
hospitals. This study was approved by the Institutional Review Board of Anhui Medical University and
was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki).

Immunohistochemical staining
Specimens from 138 patients, subcutaneous tumors and seeded organs were 4% formalin-�xed para�n-
embedded. We used 4 µm para�n sections and the monoclonal antibodies of CCR2 (1:300 dilution,
Abcam, USA) for patients specimens and anti-human CD20 (ZSGB-Bio, China), CCR2 (1:50 dilution, Bioss,
China) for subcutaneous tumors and seeded organs in the study. The sections were dewaxed in xylene,
stripped of xylene in a gradient of ethanol to reduce water. Antigens were then repaired using sodium
citrate solution (pH = 6) by high pressure antigen repair method. After using 3% hydrogen peroxide to
block endogenous peroxidase and goat serum to reduce non-speci�c background staining, anti-CD20 and
CCR2 antibodies were incubated on the sections overnight at 4°C. After recovery to room temperature,
biotin-labelled secondary antibodies (anti-rabbit) were added dropwise for 30 minutes at 37°C, followed
by room temperature action using horseradish peroxidase-labelled ovalbumin for 15 minutes. Finally,
DAB was used for colour development followed by staining using hematoxylin. The sections of
subcutaneous tumors and disseminated organs were also stained for hematoxylin and eosin. Stained
sections were interpreted by two professional pathologists, with different magni�cations (×200 and 400)
recorded in the same �eld of view for each section through an Olympus BX51TF microscope (Olympus,
Japan).
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Cell Culture
SUDHL-4, SUDHL-6 and OCI-Ly8 (germinal center subtype, GCB) and SUDHL-2, OCI-Ly10 (activated
subtype, ABC) are human-derived DLBCL cell lines. SUDHL-2, SUDHL-4 and OCI-Ly10 cell lines were
generously gifted by Dr. Ding (The First A�liated Hospital Of USTC China), SUDHL-6 and OCI-Ly8 cell
lines were presented by Prof. Zhai Zhimin (The Second Hospital Of Anhui Medical University, China). Cell
culture media consisted of 1640 (Hyclone, USA) plus 10% fetal bovine serum (Gibco, USA) and 1%
penicillin/streptomycin (Beyotime, China). All cells were incubated at 37°C in a 5% CO2 incubator.

Proliferation assays
Cell proliferation was measured with the use of Cell Counting Kit-8 (Beyotime, China). Brie�y, SUDHL-2
and OCI-Ly8 cells were resuspended and then inoculated 3×104 cells/100µL RPMI 1640 with 10% FBS
media in 96-well plates, CCR2 Antagonist sc-202525 (50µM or 100µM, Santa Cruz, USA) was added, the
control group were treated with equal amounts of DMSO. The cells were incubated at 37°C and 5% CO2
for 24, 48, and 72 hours, then 10 µL of CCK8 solution was added. After incubation at 37°C for 2 hours, the
absorbance of each well at 450nm was detected. Results represent the average absorbance of �ve wells 
± SD.

Migration Assay
Migration experiments were performed using 8-µm pore size Transwell chambers (Corning Costar, USA),
2.5×105 cells in the upper chamber were resuspended in 100 µL serum-free medium with or without CCR2
Antagonist (100 µM) incubated for 2 hours at 37°C, and 600 µL serum-free medium in the lower chamber
with or without rhMCP-1 (100ng/ml, R&D System, USA), the amount of cells migrating to the lower
chamber within 24 hours was counted by Cell Counting Machine (JIMBIO-FIL, China). Data represent the
total number of cells that migrated to the lower chamber ± SD.

Apoptosis Analysis
To estimate whether cells exposed to CCR2 Antagonist are undergoing apoptosis, We used Annexin V-
APC Apoptosis Assay Kit (BestBio, China), following the manufacturer’s instructions. In brief, SUDHL-2
cells and OCI-Ly8 cells were cultured in RPMI 1640 containing 10% FBS with the addition of CCR2
Antagonist (50µM or 100µM) for 48 hours, then cells were washed twice with PBS and incubated with
2µL Annexin V-APC and 2µL propidium iodide (PI) at 4°C protected from light for 0.5 hour and then
probed by �ow cytometry. The control group was processed with equal quantities of DMSO.

Western Blot
The protein was extracted by centrifugation at 4℃ and 12000 rpm/min for 20min after collection and
addition of RIPA (Beyotime, China) + 1% PMSF (Beyotime, China). The preparation of BCA assay
(Beyotime, China) for protein quanti�cation was followed by adding Loading Buffer (Beyotime, China)
and boiling for 10 min. Separation of 20 µg proteins by SDS polyacrylamide gel electrophoresis (SDS-
PAGE) and transfer of proteins to PVDF (polyvinylidene di�uoride) membranes (Millipore, USA). Following
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blocking of the membranes by 5% skim milk in Tris-saline buffer supplemented with 0.1% Tween-20 at
room temperature for 1 hour, they were subsequently performed with primary antibodies at 4°C overnight.
The primary antibodies used were as follows: CCR2 antibody (1:1000, Bioworld, USA), p-PI3K antibody, p-
Akt antibody, p-P38 antibody (1:1000, all from Cell Signaling Technology, USA). After washing 3 times
with TBST, the membranes were hatched with HRP-conjugated secondary antibody (1:5000, ZSGB-Bio,
China) for 1 hour at room temperature. The bands were displayed using ECL reagent (Pierce, USA) with
chemiluminescence imaging instrument (Tanon5200, China), and ImageJ analyzed and calculated the
grayscale values. The expression level of the objective protein was normalized to the level of β-actin
(1:2000, ZSGB-Bio, China).

In vivo proliferation assay
4–6 weeks BALB/C female nude mice (16-22g) were obtained from GemPharmatech Co., Ltd (Nanjing,
China). Mice were housed in specifc-pathogen-free (SPF) room under controlled temperature and
humidity at the School of Basic Medical Sciences, Anhui Medical University. After a week of
acclimatization, 1.5×10  OCI-Ly8 cells were resuspended in 200ul PBS and injected subcutaneously into
the right axilla of the nude mice. When tumor volume reached about 100 mm³, the mice were randomly
divided into two groups, the CCR2 antagonist group (N = 5) and the control group (N = 6). The CCR2
antagonist group was injected intraperitoneally with CCR2 antagonist at a dose of 10mg/kg every other
day, the control group was given the same dose of DMSO every other day for 3 weeks (the day of
administration was recorded as day 0). Recorded the mice weight and tumor size every other day and the
tumor volume=(length x width × width)/2. When the tumor volume reached about 1500 mm³, mice were
euthanised and tumors were removed. Tumor growth and mice mass change curve were plotted.

In vivo migration assays and bioluminescent imaging
4–6 weeks female NOD-SCID mice (16-20g) were purchased from GemPharmatech Co., Ltd (Nanjing,
China). 1.5×10  Luciferin-labeled OCI-Ly8 cells were resuspended in 200ul PBS and injected into mice via
tail vein, followed by random division into CCR2 antagonist group and control group. The CCR2
antagonist group was administrated CCR2 antagonist (20mg/kg) intraperitoneally every day, while the
control group was given the same dose of DMSO intraperitoneally. We observed the status and weight of
the mice daily. They were euthanized according to animal ethics when showing signs of metastasis such
as straightened hair and signi�cant weight loss. We monitored the dissemination of intravenously-
injected OCI-Ly8 via capturing bioluminescence (BLI) every 6 day using the bioluminescent imaging
system (LagoHTX, USA ). Mice were anesthetized with 3.5% iso�urane in oxygen and BLI was captured
10 minutes after intraperitoneal injection of �re�y D-luciferin (3mg/per mouse). The subcutaneous
tumors and in vivo disseminated organs were removed for HE staining and immunohistochemical
analysis. The animal experiments were approved by the Animal Ethics Committee of Anhui Medical
University.

Statistical analysis



Page 6/22

All data values were calculated as the mean ± SEM from three independent experiments. We used either
the chi-square or Fisher's exact test to compare the two sets of categorical variables. Univariate and
multivariate analyses for PFS and OS were conducted using the Cox proportional hazard model. Survival
curves were constructed by the Kaplan-Meier method and log-rank tests were used to compare
differences between groups. For the cell culture trials and in vivo experiments, we determined statistical
signi�cance by a two-tailed Student's t-test using GraphPad Prism (version 8.0.2). The statistical
calculations were conducted using SPSS software (version 25). P < 0.05 indicates a statistically
signi�cant result.

Results

Immunohistochemical CCR2 intensity and its
correspondence with clinicopathological features
We performed an assessment of CCR2 expression in 138 biopsies of DLBCL patients. All the clinical data
of the enrolled DLBCL patients are available in Table 1. A high expression of CCR2 was observed in 74%
of the subjects and is expressed in tumor cells in both the cytoplasm and the cell membrane (Fig. 1A,B).
The frequency of CCR2 expression progressively increased with higher IPI scores (Table 1, P = 0.001).
Positive CCR2 expression in DLBCL patients was remarkably correlated with Ann Arbor stage and LDH,
respectively (Table 1, P < 0.001, respectively).

High CCR2 expression is a negative prognostic factor
affecting overall survival and progression-free survival in
DLBCL patients
To examine whether CCR2 expression is an independent prognostic predictives of progression-free
survival (PFS) and overall survival (OS), we performed univariate and multivariate COX regression
analysis. By employing univariate COX analysis, as shown in Table 2 and Table 3, CCR2 expression was a
statistically signi�cant predictor of PFS (P < 0.001) and OS (P < 0.001). The same was true for LDH (P = 
0.047 and P = 0.018, respectively). Meanwhile, ECOG-PS was an independent prognostic component for
PFS (P = 0.047). Furthermore, multivariate COX analysis revealed that CCR2 expression and LDH
remained signi�cant prognostic factors for PFS (Table 2, P < 0.001 and P = 0.006, separately). Similarly,
CCR2 expression and LDH were proved to be signi�cant prognostic agents for OS (Table 3, P < 0.001 and
P = 0.011, respectively).

Correlation between CCR2 expression and survival rate in
patients with DLBCL
Following �rst-line chemotherapy, the overall effectiveness rate including complete response (CR) and
partial response (PR) was 63% in our research. The signi�cant effect of CCR2 expression on the overall
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response rate is shown in Table 4 (P < 0.001). Kaplan-Meier analysis indicated that patients with CCR2
positive expression had signi�cantly poorer PFS and OS (Fig. 2, log-rank P < 0.001, respectively).

Association of CCR2 expression driven the proliferation and
migration in DLBCL cells
We evaluated CCR2 expression in DLBCL cell lines by Western Blotting and found that CCR2 was
expressed in all cell lines although at different degrees of expression (Fig. 1C, D). To verify the effect of
the expression level of CCR2 on the proliferation of DLBDL cells, SUDHL-2 and OCI-Ly8 cells were
supplemented with CCR2 antagonist (sc-202525, 50µM or 100µM) or DMSO (equal in volume to the CCR2
antagonist treatment). We found that sc-202525 signi�cantly inhibited the proliferation rate of SUDHL-2
(Fig. 3A,P < 0.01) and OCI-Ly8 cells (Fig. 3B, P < 0.01) in comparison with the DMSO group. Identi�cation
of the migratory impact of CCR2 expression, we evaluated the migration induced by MCP-1 in DLBCL cell
lines, recombinant human (rh)MCP-1 (100ng/ml) was added to the lower chamber to stimulate cell
migration, OCI-Ly8 cell increased their migration capacity in the presence of MCP-1, there was however no
difference in SUDHL-2 cells. To evaluate whether MCP-1-driven migration was dependent on CCR2
expression, we evaluated whether exposure to sc-202525, a CCR2 antagonist, repressed this procedure.
We found that sc-202525 signi�cantly inhibited migration of SUDHL-2 and OCI-Ly8 cell lines (Fig. 3C).

CCR2 expression promotes DLBCL cells anti-apoptotic
ability
To ascertain whether CCR2 activated intracellular signals, CCR2 antagonist (sc-202525) was applied to
SUDHL-2 and OCI-Ly8 cells for 48h and then cell apoptosis was detected by �ow analysis using an
apoptosis reagent kit, the same amount of DMSO was substituted for the negative group. As the
illustration demonstrates, apoptosis increased after sc-202525 action on the cells, and the apoptosis
rates of SUDHL-2 (Fig. 4A, P < 0.01) and OCI-Ly8 cells (Fig. 4B, P < 0.01) were approximately 3.5 times
higher and 7 times higher than those of the control group, respectively.

CCR2 activates PI3K-Akt signaling pathway and inhibits P38
signaling pathway in DLBCL
The publication of the literature reported that the expression of PI3K/Akt signaling pathway and
p38MARK signaling pathway in prostate cancer and breast cancer correlated with CCR2 in terms of
level[19, 20]. However, the role of these signaling pathways in DLBCL has not been previously reported. To
gain closer insights into the molecular mechanism by which CCR2 facilitates DLBCL cell survival, we
treated SUDHL-2 and OCI-Ly8 cells with sc-202525 for 48 h, then screened p-PI3K protein, p-Akt protein, p-
P38 protein, p-STAT3 protein,p-STAT5 protein, p-Src protein, p-P44/42 protein and p-NF-kB protein
expression by western blot. We have observed that p-PI3K and p-Akt expression was dramatically
depressed, whereas p-p38 protein was signi�cantly upregulated in both strains of cells (Fig. 4C,D). The
PI3K/Akt signaling pathway and p38MARK signaling is engaged in regulating cell proliferation,
metabolism and motility[21–23]. We offer consideration of the CCR2 expression involved in the
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proliferation and migration of DLBCL cells by activating PI3K/Akt signaling pathway, and induced
apoptosis through activation of p38MARK signaling pathway.

CCR2 antagonist inhibits subcutaneous tumor growth by
blocking CCR2
Based on the results of in vitro experiments, we performed in vivo experiments to explore whether CCR2
antagonist could inhibit tumor growth by blocking CCR2 in vivo. We transplanted 1.5×10  OCI-Ly8 cells
into the right axillary subcutis of nude mice. When the tumor was apparent, mice were randomly divided
into two groups. The CCR2 antagonist group was administrated with CCR2 antagonist (10 mg/kg) and
the control group was given the same dose of DMSO every other day. We recorded the mass of mice and
subcutaneous tumor size every other day. The results showed the tumor size and tumor weight treated
with CCR2 antagonist reduced signi�cantly compared to the control group (Fig. 5A,B,C,E), while the mice
body weight showed no signi�cant difference between two groups (Fig. 5D). When the subcutaneous
tumor volume reached about 1500 mm³, the mice were euthanized and the tumors were removed and
weighed. Immunohistochemistry and HE staining were performed on the subcutaneous tumors of both
groups, showing CCR2 expression was signi�cantly decreased in the CCR2 antagonist-treated group,
compared to the DMSO treated group (Fig. 5F). These results con�rmed that CCR2 antagonist can inhibit
the growth of the subcutaneous tumors by blocking CCR2.

CCR2 antagonist signi�cantly inhibits tumor dissemination
We have shown that CCR2 antagonist inhibited tumor growth by blocking CCR2, so next we explored
CCR2 antagonist whether could inhibit tumor dissemination in vivo. 1.5 × 10  OCI-Ly8 cells were
resuspended in 200 ul PBS and injected intravenously into NOD-SCID mice. The mice were then randomly
divided into two groups, one group was administrated intraperitoneally with CCR2 antagonist (20 mg/kg)
daily and control group was injected intraperitoneally with DMSO. Bioluminescent imaging was
performed every 6 days to monitor the dissemination of tumors in the mice. On day 12, a signi�cant
difference in tumor dissemination began to appear between the two groups, with parenchymal organ
dissemination in the control group. The difference in dissemination between the two groups became
more pronounced gradually (Fig. 6A). Bioluminescent imaging were analysed by software to obtain the
�uorescence intensity of the tumor-disseminated organs and it showed the intensity of the control group
increased signi�cantly, with signi�cant difference between the two groups (Fig. 6B). We euthanized the
mice when they showed straightened hair and signi�cant weight loss. Then all the organs of control
group mice were removed for hematoxylin and eosin staining and immunohistochemical staining. Finally,
we found the bone marrow, lung and central nervous system of the control mice were seeded by tumor,
which was consistent with the bioluminescent imaging (Fig. 6C). These results con�rmed CCR2
antagonist could inhibit the dissemination of tumor in vivo.

Discussion
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In the current study, �rst of all, we investigated the prognostic signi�cance of CCR2 expression in DLBCL
patients. We found that CCR2 was high-expressed in 74% of the DLBCL patients and the frequency of
CCR2 expression gradually increased with increasing IPI scores. In addition, through multivariate
analysis, we found for the �rst time that CCR2 receptor was an independent prognostic marker that
affecting DLBCL patients. Our �ndings are paralleled by previous studies in which CCR2 expression was
described as a prognostic factor associated with poor prognosis in liver cancer, lung cancer, prostate
cancer, colorectal cancer and renal cancer[13, 24–28]. Furthermore, Kaplan-Meier analysis showed that
patients with positive CCR2 expression had markedly inferior PFS and OS, which is consistent with the
observations of B. Ou, et al[27].

Since CCR2 expression is upregulated in the majority of DLBCL patients, we investigated the expression
of CCR2 in DLBCL cell lines to explore the role of this receptor on DLBCL cells. The results in vitro studies
showed that CCR2 expression was detected by protein level analysis in DLBCL cell lines, including
SUDHL-2, SUDHL-4, OCI-Ly10, SUDHL-6 and OCI-LY8 cells. Several published studies have identi�ed the
expression of CCR2 in cancer cells, including prostate cancer[26], multiple myeloma[29], kidney
cancer[28] and lung cancer cells[25]. To examine the immediate effects of CCR2 expression on DLBCL
cell lines, in vitro experiment, we treated SUDHL-2 and OCI-Ly8 cells with pharmacological concentrations
of CCR2 antagonist sc-202525. The result indicates high level of CCR2 stimulates the proliferation,
migration and anti-apoptotic ability of DLBCL cells. The present results are consistent with previous
studies, in which the CCR2 expression facilitates neoplastic progression of colorectal and ovarian
cancer[27, 30].

Meanwhile, in vivo experiments, the results showed that the tumor was signi�cantly reduced in volume
after treatment with CCR2 antagonist, and bioluminescence imaging indicated that CCR2 antagonists
signi�cantly inhibit DLBCL cells dissemination, these results are consistent with our in vitro observations.
Due to such an important role of CCR2 in tumor growth, invasion, migration and survival, optimal use of
CCR2 inhibition may be part of a potential targeted therapy. The results of the current study indicate that
CCR2 antagonists reduce cell viability, block metastasis, improve chemotherapeutic e�cacy and
overcome macrophage-induced depression [17, 31, 32]. A potent, selective and orally administered
antagonist of CCR2, designated INCB3344, in both human and murine, the contents of these details have
been published previously[33]. In fact, a phase II clinical trial was performed using the anti-CCR2
monoclonal antibody MLN1202 in patients with bone metastasis from cancer [34]. Furthermore, The �rst
clinical trials of CCR2 antagonist called PF-04136309 (P�zer) for its therapeutic potential in pancreatic
adenocarcinoma are currently proceeding[35]. In addition, Chemocentryx has recently commenced a
Phase Ib trial of a CCR2 antagonist (CCX872) for the treatment of patients with irresectable pancreatic
cancer[36]. These clinical researches will provide the most desired information on the security and
potential therapeutic effects of CCR2 signalling blockade in people suffering from cancers.

The PI3K/Akt signalling pathway and p38 MARK signaling pathway are critical for many physiological
and pathological conditions, such as regulating cell survival, growth, proliferation, angiogenesis,
transcription, translation and metabolism [20, 37–39]. To further investigate the molecular mechanisms
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by which CCR2 expression promotes the survival of DLBCL cells, Western blot analysis for the PI3K/Akt
signalling pathway and the P38 MARK signalling pathway showed that CCR2 antagonists signi�cantly
inhibited the activation of the PI3K/Akt signalling pathway, yet activated the P38 MARK signalling
pathway in vitro. Similarly, the data according to Roca et al, the CCL2-CCR2 axis regulates autophagy and
increases survivin expression via the PI3K/Akt pathway, providing a strong survival advantage in prostate
cancer PC-3 cells[40]. In ovarian cancer, Chao et al. found that binding of large omental adipocytes to
their cognate receptor CCR2 promotes tumor cell migration and omental metastasis through activation of
the PI3K/Akt pathway[30]. In addition, Erwin F et al. found that apoptotic stimuli sometimes trigger the
activation of p38 via secondary pathways, such as the production of reactive oxygen species (ROS)[20].
These results highly emphasized the carcinogenic role of CCR2 in DLBCL and that targeting CCR2 may be
identi�ed as a very promising therapeutic strategy for DLBCL.

In conclusion, we demonstrated that the CCR2 receptor is an independent prognostic marker that affects
patients with DLBCL and is associated with poorer OS and PFS. Furthermore, we found that CCR2
antagonists inhibited DLBCL cell proliferation, migration and promotes apoptosis in vitro as well as in
vivo by activating the PI3K/Akt signaling pathway and the p38 MARK signaling pathway. These
discoveries suggest that targeting CCR2 may be a promising treatment option for DLBCL.
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Table 1. Association between CCR2 expression and patients’ clinico-pathological features
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Table 2. Univariate and multivariate COX regression analysis for progression-free survival in DLBCL
patients.
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Table 3. Univariate and multivariate COX regression analysis for overall survival in DLBCL patients.

Table 4. Response rate according to CCR2 expression
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Figure 1

Expression of CCR2 in DLBCL tissues and cell lines .

(A) low cytoplasmic or membrane staining of CCR2, Scale bar, 200μm and 400μm; (B) high cytoplasmic
or membrane staining of CCR2, Scale bar, 200μm and 400μm; (C) CCR2 were expressed in human DLBCL
cell lines of SUDHL-2, SUDHL-4, SUDHL-6, OCI-Ly8 and OCI-Ly10; (D) Relative CCR2 protein expression
was higher in SUDHL-2, SUDHL-4 and OCI-Ly8 than in SUDHL-6 or OCI-Ly10 cells.

Figure 2

Kaplan-Meier analysis of PFS and OS according to the expression of CCR2 in patients with DLBCL.

(A) Patients expressing CCR2 in tumor cell (CCR2 high) showed a decreased PFS and (B) a reduced OS
than patients who did not express this receptor (CCR2 low). P values were calculated using the Log rank
test.
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Figure 3

CCR2 expression driven the proliferation and migration in DLBCL cell lines.

(A) SUDHL-2 cells. (B) OCI-Ly8 cells. To determine growth, SUDHL-2 or OCI-Ly8 cells (2x104/well) were
seeded into a 96-well plate and cultured for 24-72 h with RPMI 1640 and 10% fetal bovine serum and
relative cell numbers in each well measured by CCK8. Cells were grown in the presence of CCR2
antagnoist sc-202525. The control cells were treated with equivalent amounts of DMSO. (C) Association
of CCR2 expression with MCP-1 driven migration in DLBCL cell lines. To determine migration,cells were
incubated in serum-free media in the presence or absence of CCR2 antagonist sc-202525 (100µM) prior
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to and during the transwell migration assay. Recombinant human (rh) MCP-1 (100ng/ml) was added to
the lower chamber to stimulate cell migration. Cells unexposed to rhMCP-1 were used as control. OCI-Ly8
cell increased their migration capacity in the presence of MCP-1, however there was no difference in
SUDHL-2 cells. We found that sc-202525 signi�cantly inhibited migration spurred by MCP-1 in SUDHL-2
and OCI-Ly8 cell lines. Data are presented as the mean ± SEM (n=3). *P value <0.05, **P value <0.01.

Figure 4
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CCR2 expression promotes anti-apoptotic ability and signalling pathways associated with biological
behaviour in DLBCL.

To determine apoptotic, SUDHL-2 cells (A) and OCI-Ly8 cells (B) either treated with DMSO (Control) or
after treatment with 50µM sc-202525 for 48h and cell viability was measured by FACS used Annexin V
APC-PI Apoptosis kit. To obtain a deeper understanding of the molecular mechanisms of CCR2 on DLBCL
cells, we treated SUDHL-2 cells (C) and OCI-Ly8 cells (D) with sc-202525 for 48h, detection p-PI3K protein,
p-Akt protein, p-P38 protein, p-STAT3 protein,p-STAT5 protein, p-Src protein, p-P44/42 protein and p-NF-kB
protein expression by Western Blotting. Cells dealed with CCR2 antagonist p-PI3K and p-Akt expression
decreased, however p-P38 protein express raised vs. the control cells (treated with DMSO). Data are
presented as the mean ± SEM . *P value <0.05, **P value <0.01. 

Figure 5

CCR2 antagonist inhibits the growth of subcutaneous tumor. 1.5×10  OCI-ly8 cells were transplanted into
the right sides of nude mice.When tumor volume reached about 100mm³, we divided the mice into two
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groups, which administrated CCR2 antagonist (10mg/kg) or DMSO intraperitoneally every other day. (A)
Representative images of subcutaneous tumours treated with CCR2 antagonist or DMSO. (B)
Subcutaneous tumours were removed from euthanized mice. (C) The tumor volumes of two groups (
means±SEM; CCR2 antagonist,n=5; DMSO,n=6; *p<0.05). (D) The mice weight of two groups
(means±SEM). (E) The subcutaneous tumor weights of two groups ( means±SEM, *p<0.05). (F) H&E
staining and immunohistochemistry (CCR2) were performed on OCI-ly8 subcutaneous tumors after CCR2
antagonist treatment. Scale bar, 62μm; original magni�cation x200. H&E, hematoxylin and eosin staining.
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Figure 6

CCR2 antagonist inhibits the dissemination of tuomr.

1.5×10  OCI-ly8 cells were injected intravenously into NOD-SCID mice, which were intraperitoneally dosed
daily with CCR2 antagonist (20mg/kg) or DMSO. The tumor dissemination was monitored through
bioluminescent imaging (BLI) every six days. After 24 days, the mice were euthanized and removed all
organs for H&E and immunohistochemistry. Finally, we found the BM, lungs and CNS were disseminated
organs with being consistent with the BLI. (A) The BLI of CCR2 antagonist or DMSO treated mice. (B) The
BLI curve of CCR2 antagonist or DMSO treated mice ( means±SEM, *p<0.05). (C) The expression of CD20
and CCR2 of BM, lungs and CNS of the disseminated mice. Scale bar, 62μm; original magni�cation x200.
H&E, hematoxylin and eosin staining; BM, bone marrow; CNS, central nervous system.


