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Purpose: Serum levels of the polypeptide chemokine C-C motif ligand 2 (CCL2) have previously shown potential as a prostate
cancer diagnostic and prognostic biomarker. Plasma CCL2 levels may be superior to serum levels as a biomarker because of their
potentially lower signal-to-noise ratio.
Materials and Methods: Before initiating a large comparative study of plasma and serum CCL2 levels, we performed a prospective,
diagnostic pilot study Of 133 individuals from a clinically relevant population. CCL2 plasma levels were measured using a validated
assay kit. Plasma was obtained independently of digital rectal examination.
Results: In this pilot study, we found no relationship between CCL2 plasma values and risk of proven prostate cancer, whereas
previous studies found a strong diagnostic relationship between CCL2 serum values and prostate cancer.
Conclusion: Our contribution to the existing literature strengthens the idea that early in the pathological process, CCL2 mainly
circulates in large, membrane-enclosed compartments, whereas plasma CCL2 levels increase markedly during disease progression. We
conclude that whereas plasma CCL2 levels are not useful as a diagnostic measure, a ratio of CCL2 plasma to serum levels may prove
useful as a marker of disease progression, which warrants further study.
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Introduction
Prostate cancer (PCa) is one of the more common cancers affecting men. Recent years have brought an increased number
of therapeutic options and more accurate diagnostic pathways. Thus, PCa today accounts for less than 10% of total
cancer mortality in males living in the developed world. Additionally, more than 90% of new PCa cases can be expected
to be diagnosed at local or regional stages, for which the 5-year relative survival approaches 100%.1 However, PCa
disease progression leading to castration-resistance and eventually metastatic disease is still the cause of reduced quality
of life and increased risk of death in a significant number of patients.2

A whole series of cytokines and chemokines are necessary for the development of aggressive PCa and subsequent
metastasis and may therefore potentially be employed as biomarkers. However, whereas many cytokines have been tested
as potential diagnostic or prognostic makers, few have been validated successfully in multiple clinical settings.3–5

Increased glandular levels of chemokine (CC motif) ligand 2 (CCL2), also known as monocyte chemoattractant
protein 1 (MCP-1), correlate strongly with a negative prognosis. Increased CCL2 presence protects PCa cells from
proapoptotic signalling and leads to expression of specific integrins, which enables cancer cell migration and attachment
at metastatic sites, especially in bone.6–16

Circulating CCL2 serum levels were first found to have a diagnostic potential in a pilot study5 comparing serum
levels of various cytokines from 15 healthy volunteers to those of 39 PCa patients undergoing radical prostatectomy. A
study design comparing healthy volunteers to severely ill patients is very useful for biomarker discovery as the signal
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strength differential is so strong that relatively few participants are required. However, any potential biomarkers must be
validated in a clinically relevant setting. The first validation study was performed by a separate group who found that
CCL2 serum levels had a diagnostic and prognostic capacity in a cohort of 379 men undergoing transrectal biopsy of the
prostate due to suspicion of cancer.15

A more recent study indicates that serum CCL2 values predict the outcome of PCa biopsies of patients under active
surveillance.17 In addition to plasma components, serum contains platelets, white blood cells, vesicles and potentially
circulating tumour-cells (CTCs), which may alter the diagnostic usefulness of a specific cytokine. For example, by
introducing higher background noise, that mask clinically relevant, low-abundance cytokine biomarkers.18 Plasma CCL2
levels could potentially be the preferable matrix for early detection of PCa, which we test in this prospective pilot study.

Materials and Methods
We consecutively included 142 men referred for transrectal ultrasound-guided prostate biopsy due to suspicion of PCa
based on an elevated prostate- specific antigen (PSA) levels or an abnormal digital rectal examination. Among the
included patients, nine declined biopsy or their biopsy result was unclear. Plasma was obtained independently of digital
rectal examination. Recruitment of patients and storage of sensitive data was performed in accordance with the
Declaration of Helsinki. The study was approved by the Southern Regional Ethics Committee, Denmark (Projekt-ID:
S-20190036). All participants gave informed consent.

Enzyme-Linked Immunosorbent Assay
Blood was collected in K2-EDTA tubes and placed on ice. Plasma was isolated by a single centrifugation, performed at
800g for 10 minutes at 4°C. Isolated plasma was frozen at −80°C until analysis.

CCL2 levels were determined using the R&D Biosystems (UK) Human CCL2/MCP-1 Quantikine ELISA Kit
(DCP00) following the manufacturer’s instructions. Interassay variation was assessed using a separately obtained pooled
plasma sample.

Data Treatment and Statistical Analyses
R version 4.1.2 (2021–11-01) was used to prepare figures and for all statistical analyses. Group data is presented as
Tukey box-and-whisker plots.19 Kruskal–Wallis’ nonparametric test was used to calculate p-values for multiple group
comparison. Mann–Whitney nonparametric U-test was used for calculating p-values for two- group comparisons.
P-values < 0.05 were considered significant. Area under the curve (AUC) confidence bands for receiver-operating
characteristic (ROC) curves were compared using DeLongs’s nonparametric approach. The R session log is presented in
Supplementary Materials.

Results
A total of 133 patient samples were available for CCL2 measurement. The median patient age was 68 years (interquartile
range: 62–72 years). Among the 133 patients, 50 had no detectable cancer, 37 had a Gleason score of 6, 31 had a score of
7 (3 + 4), 5 had a score of 7 (4 + 3), 4 had a score of 8 and 6 had a score of 9–10 (Figure 1). The AUC of CCL2 was
0.521 and incapable of predicting significant cancer (Figure 2). We found no relationship between plasma CCL2 levels
and Gleason score or between CCL2 levels and cT stage (Figure 1). Importantly, even though we cannot yet provide an
overall survival rate or similar measurement, no observable concentration differences exist across the PCa and non-PCa
groupings, making it highly unlikely that there is any prognostic capacity in plasma CCL2 levels at the time of diagnosis.
The inclusion of 0 within the 95% confidence interval range is compatible with no diagnostic effect and with the fact that
the study is not underpowered; however, repeated independent studies would be required to establish this conclusively. It
should be noted that serum CCL2 levels were found to have significant diagnostic abilities with a smaller cohort size.5

Sub-analysis of AUC of CCL2 of any cancer type, versus cancer negative biopsies has a comparable outcome
(Supplementary Figure 1).
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Discussion
Our study indicates that circulating CCL2 participating in the priming of (bone) metastatic sites is associated with white
blood cells, CTC or other large circulating element(s) and that freely circulating CCL2 levels do not increase until onset
of therapy.

A B

Figure 1 Gleason score and T stage. Tukey box-and-whisker plot of EDTA-plasma CCL2 levels (pg/mL) plotted against (A) Gleason score. (B) cT stage. Table shows patient
PSA and EDTA-plasma CCL2 levels (pg/mL) levels ability to predict Gleason score. For comparison of multiple group means Kruskal–Wallis’ nonparametric test was used,
p-values < 0.05 were considered significant (*).
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Serum CCL2 levels has already shown potential as a useful diagnostic marker in both an exploratory pilot study and
two clinically relevant settings. We therefore proceeded to test the potential of plasma CCL2 levels in a clinical setting,
bypassing an initial comparison of healthy controls as irrelevant because plasma CCL2 levels would at the very least
have to be comparable with serum CCL2 levels in terms of diagnostic efficacy in order for it to be relevant to study in
this context. It is possible to view this omission as a weakness of this pilot study, but we feel it is justified by previous
work on serum CCL2 levels as a potential biomarker.

CCL2 and its receptors have been studied extensively in cell culture and animal models of PCa, showing the ability to
act as an androgen-independent, auto- and paracrine anti-apoptotic growth factor and mediator of the metastatic
process.6–10 A recent small study of multiple end-stage cancers found plasma CCL2 levels to have a prognostic capacity
across the different cancers and to increase following radiation therapy, but only four PCa patients were included in a
total cohort of 21 patients with cancer of the prostate, colon, kidney or breast. Since the analysis pooled a small cohort of
multiple cancer types, this conclusion needs to be interpreted with some caution.20 A recent Mendelian randomisation
study found that genetically predicted higher plasma levels of CCL2 increased the risk of developing PCa, which
supports the concept of using CCL2 as a PCa biomarker.21 However, gene variants causing a problematic increase in
CCL2 plasma levels may be too rare to warrant the use of plasma CCL2 levels as a diagnostic biomarker. In any case,
such variants are better screened for by genetic sequencing, which needs only occur once in an individual’s life-time and
may be performed decades before development of PCa.

Histological studies have found that PCa tissue and the surrounding inflamed zone can express high levels of CCL2
and that CCL2 has a central role in preparing metastatic sites.6–10,22–24 CCL2 must either circulate in some form to
facilitate the formation of pre-metastatic sites or, perhaps less likely, be produced separately at potential metastatic sites
by some other means. The present study indicates that quantities of CCL2 sufficient to promote disease progression do
not initially circulate as a free solute in the blood stream in PCa patients. Combined with previously published work on

Figure 2 CCL2 & PSA levels ROC and predictive power. PSA and CCL2 receiver operating characteristic curve for significant cancer versus Gleason Score 6 (3+3) or
negative biopsies and ability to predict significant cancer. Wilcoxon nonparametric test was used for two-group comparison, p-values < 0.05 were considered significant (*).
Confidence bands for area under the curve (AUC) for receiver operating characteristic (ROC) curves were compared using DeLongs’s nonparametric approach.
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CCL2 levels in serum from PCa patients, the present study indicates that in individuals without genetic variants leading
to chronic elevation of plasma CCL2 levels and prior to treatment, CCL2 circulates with some combination of white
blood cells, CTCs and extracellular vesicles large enough to enter the buffy coat during plasma preparation.3–5,15,17,21

The largest study population of PCa patients versus non-malignant patients found serum values of 224 pg/mL CCL2 in
cancer-free patients versus 246 pg/mL CCL2 in cancer patients.15 We found 130.8 pg/mL versus 133 pg/mL in the same
categories in plasma, a differential value indicating that roughly 60% of total CCL2 is carried in the plasma fraction in
non-malignant patients compared with 54% of total CCL2 in PCa patients. Obviously, one should draw no strong
conclusions based on comparisons of measurements performed in two separate studies in different biological matrices;
however, the finding does suggest that the ratio of CCL2 in plasma/serum may contain important diagnostic and
prognostic information, which may potentially be available at a relatively limited extra analysis. Studies comparing
serum extracellular vesicles have found an altered composition in serum when comparing benign prostatic hyperplasia,
healthy controls and PCa patients; this finding further strengthens the idea that PCa serum carries biomarkers in vesicular
compartments that may improve diagnosis.25 It is clear that in terms of diagnostic potential alone, measurement of
plasma CCL2 levels is not relevant compared to measurement of serum. Ideally we would have wanted to quantify CCL2
levels in specific tissue biopsies and compare expression levels to both serum and plasma CCL2 levels. Future work on
CCL2 as a diagnostic and prognostic biomarker should include this head-to-head comparison.

Several PCa studies have found tumour cell death to be associated with surgical interventions, and castration therapy
imposes a selective pressure on tumours that increases in CCL2 expression, which promotes castration resistance and
metastasis.6–10,22–24 It would be interesting to study CCL2 levels in plasma and serum in the same patient population
when they start to undergo therapy as both relative concentrations and the distribution of CCL2 between plasma and
serum may carry biomarker potential. This may potentially have several benefits including the potential to improve
monitoring of patients undergoing castration therapy, making CCL2 interesting as a potential PCa biomarker. Such
testing should ideally measure other candidate biomarkers such as PIWIL2 in order to allow head to head comparison
and discover potential biomarker synergies.26

Conclusion
We conclude that unlike serum CCL2, plasma CCL2 is not a potential diagnostic biomarker. We propose that serum and
plasma CCL2 levels be measured in patients at diagnosis prior to onset of treatment and at suitable intervals during
castration therapy. This would enable concurrent study of prognostic properties and allow each measurement to serve as a
disease progression marker and to determine if synergistic effects are associated with testing in both matrices.
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