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Abstract. Monocyte chemotactic protein-1 (MCP-1) is differentially expressed in benign prostatic
hyperplasia (BPH) and is a potential clinical biomarker for BPH. We collected urine post-digital rectal
examination (DRE) from 48 men who did not have a diagnosis of prostate cancer. We measured MCP-1
levels by enzyme-linked immunosorbent assay (ELISA) and compared them with prostate weight and
lower urinary tract symptoms (LUTS) as measured by the International Prostate Symptom Score
(I-PSS) utilizing correlation and regression analyses. In post-DRE urine, higher MCP-1 levels were
associated with increased I-PSS but not with prostate volume. MCP-1 levels in men with prostate
enlargement were significantly higher than those in men without enlargement. In multivariable
regression adjusting for age, prostate volume, and PSA higher urinary MCP-1 was associated with
significantly higher I-PSS. Since MCP-1 is preferentially expressed in BPH tissue, these data suggest
that MCP-1 may be a novel biomarker for clinically significant BPH.
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1 Introduction

Benign prostate hyperplasia (BPH) is a common disease affecting older men caused by unregulated
prostatic stromal and epithelial growth resulting in prostate enlargement, bladder outlet obstruction, and
lower urinary tract symptoms (LUTS) [1]. Despite intensive researches over the last several decades, the
molecular mechanisms underlying prostatic enlargement and symptomatic bladder outlet obstruction
remain obscure, and specific clinical markers for symptomatic BPH have yet to be developed.

We previously used a human cytokine array to search for cytokines in expressed prostatic secretions
(EPS) from radical prostatectomy specimens that may be associated with prostate enlargement, and found
that monocyte/macrophage chemoattractant protein-1 (MCP-1, CCL2) in EPS was associated with
prostate size [2]. MCP-1 is a member of the CC chemokine superfamily and plays a critical role in the
recruitment and activation of monocytes during inflammation [3]. MCP-1 is secreted from prostatic
stromal cells and stimulates the proliferation of prostatic epithelial cells in vitro. Immunohistochemical
studies indicated that MCP-1 was upregulated in benign prostatic hyperplasia (BPH) lesions, and MCP-1
levels in EPS correlated with mRNA levels of the macrophage marker CD68 [4]. Based on these data, we
hypothesize that MCP-1 levels in urine after DRE, which is enriched in prostatic contents, could serve as
a specific clinical marker for symptomatic BPH. Therefore, we evaluated associations of MCP-1 levels in
urine collected after DRE with prostate volume and LUTS by enzyme-linked immunosorbent assay
(ELISA).

2 Materials and Methods
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2.1 Sample Collection

Urine samples were collected in the urology clinic from men presenting for prostate biopsy (for abnormal
PSA and/or DRE findings). None of these men had a prior history of prostate cancer, and they had varying
levels of LUTS. Approval was obtained from our Institutional Review Board before initiating the study
and all patients provided written informed consent prior to providing urine samples. Initial voided urine
specimens (10 to 100ml) were prospectively collected from 48 men with a mean age of 62.2 years
immediately following an attentive DRE during a single office visit. Voided urine specimens were
centrifuged for 10min at 1000g to remove sediments. Urine supernatants were kept at -800oC until analysis.
All patients subsequently underwent twelve-core transrectal ultrasound-guided prostate needle biopsy that
was negative for malignancy. Prostate volume was calculated transrectally with the ultrasound probe using
the formula for an ellipsoid. LUTS were assessed with the International Prostate Symptom Score (I-PSS)
prior to the DRE and subsequent biopsy.

2.2 ELISA

MCP-1 levels were measured by ELISA with a human CCL2 (MCP-1) ELISA Ready-SET-GO kit
(eBioscience, San Diego, CA). MCP- 1 measurements were performed as per the manufacturer’s
recommendations. Urine samples were assayed at 16-fold dilutions.

2.3 Statistical Methods

We defined “mild”, “moderate” and “severe” LUTS as International Prostate Symptom Score (I-PSS) =
0-7, 8-19, and 20-35 respectively. We defined prostate enlargement categorically as prostate volume = 40
cc. We used Spearman correlation analysis to evaluate associations of MCP-1 with I-PSS and prostate
volume. We compared MCP-1 levels of the group categorized by I-PSS or prostate volume by
Kruskal-Wallis test and Mann-Whitney test, respectively. We examined MCP-1 levels in urine with
prostate volume and I-PSS utilizing regression modeling adjusted for age [5], serum PSA, and prostate
volume. Statistical significance was defined as a p value < 0.05.

3 Results

3.1 Demographics

Median serum PSA level was 5.25 mg/ml (range 1.2 — 14.5) and median prostate volume was 38.5ml (range
20 — 102). Median I-PSS was 9 (range 0- 33). 21 men (43.7%) were using alphal- blocker medication.

3.2 MCP-1 in Post-DRE Urine

MCP-1 in post-DRE urine was detectable in 25 men (52.0%) by quantitative ELISA. The median MCP-1
level in post-massage urine was 3.99 pg/ml (range 0.0 — 431.5). Spearman correlation analysis showed that
MCP-1 was positively associated with I-PSS (r = 0.376, P = 0.022) (Figure la) but not with prostate
volume (r = 0.190, P = 0.194) (Figure 1b). MCP-1 was also positively associated with serum PSA (r =
0.362, P = 0.016). MCP-1 levels in post-DRE urine from men with mild symptoms (I-PSS: 0 — 7) were
significantly lower (median 0.0 pg/ml, range 0.0 — 102.9) than those from men with moderate symptoms
(I-PSS: 8 — 19) (median 71.2 pg/ml, range 0.0 — 431.5) and men with severe symptoms (I-PSS: 20 — 35)
(median 6.3 pg/ml, range 0.0 — 332.0) (P <0.01) (Figure 2a). MCP-1 in post-DRE urine was detectable in
29.4% of men with mild symptoms compared to 70.0% of men with moderate or severe symptoms (P =
0.01). MCP-1 levels in post-DRE urine from men with prostate enlargement (prostate volume > 40cc) were
significantly higher (median 21.0 pg/ml, range 0.0 — 431.5) than those from men without prostate
enlargement (median 0.0 pg/ml, range 0.0 — 169.6) (P = 0.02) (Figure 2b).
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Figure 1. Correlation of I-PSS (a) and prostate volume (b) with urinary MCP-1 levels by Spearman correlation
coefficient. (r: Spearman r)
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Figure 2. MCP-1 levels in post-DRE urine. (a) MCP-1 levels stratified by I-PSS. (Mild: I-PSS 0 — 7, Moderate: I-PSS
8 — 16, Severe: I-PSS 17 — 25). MCP-1 levels in urine from men with mild symptoms were significantly lower than those
from men with moderate symptoms (I-PSS: 8 — 19) and men with severe symptoms (p <0.01). (b) MCP-1 levels
stratified by prostate volume. MCP-1 levels in urine from men with prostate enlargement were significantly higher
than those from men without prostate enlargement (p = 0.02).
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3.3 Multivariable Model of MCP-1 and I-PSS

In multivariable regression adjusting for age, PSA, and prostate volume, higher urinary MCP-1 was
associated with significantly higher I-PSS (P = 0.05), but not with prostate volume (P = 0.44).

4  Discussion

In this study, we observed that increased MCP-1 levels in urine were associated with increasing LUTS,
independent of age and prostate volume. Since MCP-1 is preferentially expressed in BPH lesions, these
data suggest that MCP-1 may be a novel biomarker for LUTS secondary to BPH, and that
prostate-generated inflammatory mediators may substantially contribute to LUTS pathogenesis in men
with BPH.

We have previously demonstrated that MCP-1 is highly expressed in histological BPH [2]. Prostatic
stromal cells secrete MCP-1, and MCP-1 stimulates the proliferation of prostatic epithelial cells in vitro.
MCP-1 mRNA levels are significantly lower in prostate cancer specimens than in normal prostate
specimens [6]. In prostate cancer, the number of MCP-1 mRNA expressing cells is significantly less than in
BPH4; MCP-1 mRNA expression is located in fibromuscular stroma and in basal cells of the prostate,
whereas it is absent in the secretory cells of normal glands and prostate cancer. However, MCP-1 is also
associated with prostate cancer development; it is a potent chemoattractant of prostate cancer cells [7],
and targeting MCP-1 with neutralizing antibodies induces prostate cancer regression in mice [8].

Urine is likely to become an increasingly powerful source of prostate-specific biomarkers [9-12]. Urine
after DRE contains various markers originating from the prostate, including cytokines10, RNAs [13],
DNAs [14], and prostate cells [11]. MCP-1 was assayed in the urine after DRE in order to sample the
prostatic microenvironment most directly. DRE exerts pressure on much of the prostate, and at least in
theory allows for a sampling of secretions from the entire gland, unlike a prostate biopsy. It is known that
the initial urine obtained after DRE is enriched in prostatic proteins, and we have previously demonstrated
that MCP-1 is increased in fluid obtained from radical prostatectomy specimens of large volume2,
suggesting that MCP-1 levels in body fluids (prostatic secretions and urine) may potentially serve as
markers for BPH, chronic prostatitis/chronic pelvic pain syndrome (CPPS), and LUTS. Prostatic
inflammation also causes PSA elevation, and urinary MCP-1 levels may help distinguish benign conditions
such as nonspecific inflammation from prostate cancer.

Recently, MCP-1 and another monocyte/macrophage chemoattractant molecule, macrophage
inflammatory protein-la (MIP-1a), have been proposed as possible biomarkers for CPPS, with intriguing
data to support this [15]. In a careful study of EPS obtained in the clinic from a cohort of young male
controls and CPPS patients, as well as from older men with BPH, elevated MCP-1 and MIP-1a levels
correlated with the CPPS diagnosis, and MCP-1 and MIP-1a levels were also slightly elevated in BPH,
although neither prostate volume nor I-PSS score were described.

Correlation analysis showed that there was no linear association of MCP-1 with prostate volume, while
MCP-1 levels were significantly higher in the group with prostate enlargement (prostate volume > 40cc)
than without enlargement. MCP-1 in urine is also produced from kidney and bladder as well as prostate.
These varieties of MCP-1 sources might have caused this discrepancy. Since MCP-1 stimulated the
proliferation of prostatic epithelial cells in vitro, MCP-1 levels above a certain threshold might cause the
prostatic enlargement.

In this study, MCP-1 levels were lower in urine from patients with severe symptoms than with moderate
symptoms. Desireddi et al. reported that MCP-1 levels were lower in urine from patients with
inflammatory chronic prostatitis/CPPS (IIIA) than from patients with noninflammatory chronic
prostatitis/CPPS (IIIB) [14]. MCP-1 levels in urine were also higher in the women with overactive bladder
than the normal women [16]. This study had only five cases with severe symptoms, but one possible
explanation might be that inflammatory chronic prostatitis caused the severe symptoms, leading to lower
MCP-1 levels in urine. Tyagi et al. studied the association of urinary levels of MCP-1, CXCL-1, CXCL-8,
CXCL-10, CCI3 and sIL-1ra with BPH/LUTS and urine levels of CXCL-8, CXCL-10, and sIL-1ra were
associated with BPH/LUTS [17]. Tyagi et al. used the urine without massage, which might cause the
difference from our results.
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Our study has several limitations. All men included in this study underwent prostate biopsy for
abnormal DRE or elevated PSA. Inflammation might have caused PSA elevation and skewed the MCP-1
levels in some of our patients. Men with normal PSA should be tested for MCP-1 levels in urine associated
with LUTS. MCP-1 levels in urine should be measured before and after DRE in individuals to confirm its
prostatic origin. DRE might be necessary to measure the MCP-1 from prostate. In this study, only 48 men
were included, and further larger scale study will be needed.

5 Conclusions

Increased MCP-1 in urine after DRE is associated with increased LUTS. There is no biologic marker for
BPH in clinical use to date; therefore, a molecule such as MCP-1 presents a novel, potentially important
urinary marker for the presence and/or development of symptomatic BPH.
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