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ABSTRACT
Background: Prostate specific antigen (PSA) has been used as a screening test for the
early detection of prostate cancer (PC) for many years. Although the introduction of
PSA test led to a considerable increase in reported prostate cancer cases, there is still
some controversy over the sensitivity and specificity of this marker in distinguishing PC
patients from those with benign prostate hyperplasia (BPH), the most common benign
prostate condition. Objective: An attempt is made to elucidate if the plasma level of
Interleukin 8 (IL-8) could be used effectively as a marker for the detection of prostate
cancer. Methods: Plasma levels of IL-8 and PSA were measured in two groups of 40
BPH and PC patients using enzyme-linked immunosorbent (ELISA) and radioimmunoassay (RIA) techniques, respectively. In addition IL-8 levels in PC3 and DU145 cell
line supernatants were measured by ELISA technique. Results: The concentration of
IL-8 in the plasma of PC patients was not significantly higher than the BPH subjects.
Although, a correlation between plasma IL-8 concentration and the Gleason score of PC
patients was found, no indicated correlation was detected between the concentration of
IL-8 or PSA and age of the patients in both groups. DU145 and PC3 cell lines produced
and secreted IL-8 in the media. Conclusion: Data of this investigation collectively conclude no correlation between IL-8 concentration in PC and BPH patients.
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INTRODUCTION
Prostate cancer (PC) is one of the most frequently diagnosed and the second leading cause
of cancer related deaths in men (1). Over the course of decades, the development of the
prostate-specific antigen (PSA) has allowed for the detection of PC in its early stages. Despite its evident increase in the detection of PC, controversy regarding the efficacy of
PSA as a tumor marker exists. Although PSA test has shown positive results as a predictive tool for identifying PC, it remains uncertain as to whether it is effective in
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improving patient survival rates. PSA levels by themselves do not provide sufficient
information needed to make a distinction between cancer and benign prostate hyperplasia. As a result of its limitations, PSA may not ultimately be a precise enough marker to
be used as a screening tool (2). Therefore, finding a more reliable tumor marker for the
early detection of PC is needed.
There is little information concerning the role of CXC chemokines in PC. CXCL8 (IL8) is elevated in PC patients and may serve as an indicator of tumor growth. IL-8, a major member of the CXC chemokine family, is a pro-inflammatory and pro-angiogenic
cytokine, and can promote tumor-cell proliferation and affect metastasis (3). IL-8 is secreted by a variety of stromal cells, e.g. endothelial cells, fibroblasts, and tumor cells. It
binds with a high specificity to CXCR-1 and with a less specificity to CXCR-2 (4).
A tumor promoting role for IL-8 has been suggested for a wide variety of human solid
tumors including non–small-cell lung cancer; malignant mesothelioma; head and neck
squamous carcinoma; epithelial ovarian carcinoma; gastric, pancreatic, and colorectal
carcinoma; prostate adenocarcinoma, renal cell carcinoma, and breast cancer (5-14).
The over expression of IL-8 is associated with angiogenesis, tumorigenesis and lymph
node metastasis of androgen-independent PC (AIPC) in athymic nude mice. Elevated
serum levels of IL-8 were reported in patients with the localized disease and AIPC. Elevated expression of IL-8 and each of its G-protein-coupled receptors [CXC chemokine
receptor (CXCR-1 and CXCR-2)] in tumor cells of human prostate biopsy sections
compared with normal epithelial cells has been reported as well. Expression of IL-8,
CXCR1 and CXCR2 increases with the disease stage in prostatic intraepithelial neoplasia, but reaches the highest level in androgen-independent disease. Furthermore, elevated IL-8 gene expression in prostate biopsy tissue associated with both increased
Gleason score and the pathologic stage of the tumors has been reported using colorimetric in situ hybridization techniques (3).
The primary objective of our study was to investigate whether plasma levels of IL-8 in
PC patients are significantly different from individuals suffering from BPH. Therefore,
we try to elucidate the diagnostic value of IL-8 as a marker of PC.

MATERIAL AND METHODS
Patients and Controls. A prospective analysis of 40 patients with untreated PC (age,
50–83 years, median 71) and 40 patients with benign prostatic hyperplasia (BPH) (age,
54–82 years, median 70) were carried out between 2005 and 2007 at Shiraz University
of Medical Sciences hospitals, also 34 normal plasma samples were evaluated in this
study. Neither the patients nor the controls had apparent severe infections or autoimmune diseases. Diagnosis was confirmed pathologically by transrectal ultrasonography
(TRUS) and guided systematic biopsy. The histological grade was determined by the
Gleason score system. Studied samples were scored from 4 to 10 (mean 7.1 ± 1.77)
(Table 1). PC patients were further divided into three subgroups.
Cell Culture. PC3 and DU145 human prostate cancer cells were obtained from the Pasteur National Cell Bank of Iran (Tehran-Iran). Cells were maintained in RPMI 1640 with
10% fetal bovine serum (FBS), 100 units/ml penicillin, and 100 ng/ml streptomycin.
Blood Samples. Blood samples from patients were collected in EDTA containing tubes
prior to prostate biopsy, and plasma was immediately separated by centrifugation at
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1000xg for 20 minutes and kept at -70 °C until analyzed. Informed consent was obtained from all patients for measuring plasma IL-8 concentration.
Cell Culture Supernatants. For the determination of IL-8 level in the medium, PC cell
lines were plated. When the cells reached to 70% confluence, media were changed and
replaced with serum-free fresh ones. After 24 hours when the cells were almost confluent and each flask contained nearly the same number of cells, supernatants were collected. After removing the particles by centrifugation, they were either assayed immediately or aliquoted and stored at -20° C.
Measurement of Plasma IL-8 and PSA Concentration. IL-8 in cell culture supernatants and in plasma was measured by Quantikine Human CXCL8/IL-8 Immunoassay
kit (R&D systems, Minneapolis, USA) according to the manufacturer’s instructions.
PSA levels were also measured by radioimmunoassay (Spectra, Finland) using manufacturer’s instructions. Analyses and calibrations were performed in duplicate and intraand inter-assay variations were within the range given by the manufacturer.
Statistical Analysis. All statistical analyses were carried out with SPSS version 16.0
and Prism graph pad 5.0 softwares. Differences in the plasma levels of IL-8 between
BPH and PC patients were calculated by Independent T-test. A Spearman test was
used to analyse the correlation between IL-8 levels and the Gleason score. The correlation between IL-8 level and age or PSA level was calculated using Pearson test. In
addition, a one-way ANOVA test was used to analyse the differences in IL-8 concentration among various PC subgroups. A statistical difference with a p<0.05 was considered significant.
Table 1: Frequency and percentage of PC
patients with different Gleason scores
Gleason Score
4
5
6
7
8
9
10
Total

Frequency
4
2
10
8
7
4
5
40

Percent
10
5.0
25
20
17.5
10
12.5
100

RESULTS
Patients and Disease Score. As mentioned before, 40 PC patients were divided into
three subgroups according to their Gleason scores: severe PC with a Gleason score of
8-10 (40%), moderate PC with a score of 6-7 (45%) and mild PC with scores less
than 5 (15%).
Plasma IL-8 and PSA Concentration. The plasma IL-8 concentration of patients
measured by the ELISA method was not significantly higher in PC patients (52.3 ± 7.1
pg/ml) relative to BPH patients (49.1 ± 11.3 pg/ml, p>0.05) (Figure 1). IL-8 in PC and
BPH patients ranged between 40 to 72.7 pg/ml and 19.78 to 67.3 pg/ml, respectively.
Plasma PSA concentration of PC and BPH patients were 5.8 to 100.0 ng/ml and 3.0 to
75.0 ng/ml, respectively (Figure 2). All normal samples measured less than the lowest
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IL-8 standard, 31.2 pg/ml. Mean PSA level in PC patients was significantly higher than
that of BPH patients (p<0.03).

Figure 1. Distribution of IL-8 concentration measured by ELISA method in different samples.
There is no significant difference between Plasma IL-8 of PC and BPH patients.

Figure 2. Distribution of PSA concentration measured by RIA technique in different samples.
There is a significant difference between plasma PSA level of PC and BPH patients.

There was no correlation between IL-8 level and either PSA concentration or the age of
both PC and BPH patients. However, a correlation was found between plasma IL-8
level and the Gleason scores of PC patients using the Spearman test (p<0.001). When
using one-way ANOVA test specifically, a significant difference was noticed between
the IL-8 concentration of severe PC and the mild PC patients (p<0.003), but not with the
moderate PC patients (Figure 3).
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IL-8 Concentration of Cell Culture Supernatants. IL-8 concentration of PC3 and
DU145 cell line supernatants measured by an ELISA method were 2650.6 and 443.5
pg/ml, respectively.

Figure 3. Distribution of IL-8 concentration measured by ELISA method in different subgroups
of PC patients. There is only a significant difference in plasma IL-8 concentration of severe and
mild PC individuals.

DISCUSSION
Although IL-8 does not serve as a diagnostic marker for the early detection of PC or for
differentiating between BPH and PC, it may be used as a prognostic tool for monitoring
PC. PC is a leading cause of sickness and death among men worldwide. Pathologically,
investigators have unveiled small prostatic carcinoma in up to 29 percent in 30 to 40
year old men and 64 percent in 60 to 70 year old men. In addition, the incidence of PC
is 1 in 6 and the risk of death from metastatic PC is 1 in 30 (15).
The new advances of PC epidemiology, is due to the discovery of prostate specific antigen (PSA). Utilizing this tumor marker for the past two decades, have dramatically improved the diagnosis as well as the pre- and post-treatment monitoring of PC. Despite
this, there is a limitation in the use of PSA for the early diagnosis of PC, and controversy exists over its use. The lack of a cut-off point for a normal PSA level is the most
disputed issue considering its inefficiency. Therefore, there is some question about the
positive predictive value of this marker (16). Pathological studies on PC biopsies have
revealed poor sensitivity at the PSA cut-off point of 4ng/ml, since clinically important PC
was diagnosed at all PSA levels. It has also been suggested that the pre-diagnostic PSA
level no longer adequately predicts key prognostic features, particularly at levels less than
10 ng/ml. A setback concerning the usage of PSA as a screening tool has been discerned
due to the overall sensitivity, which may be too low to effectively reduce mortality (2).
The requirement for new PC markers is clear. Recently some blood-based tumor markers, such as early PC antigen, insulin-like growth factor-1 (IGF-1) and its binding proteins (IGFBP-2 and IGFBP-3) have been compared; however, neither of these markers
could completely discriminate PC patients (17).
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The aim of our study was to evaluate the reliability of utilizing IL-8 as a tumor marker
for diagnosis and monitoring of PC. IL-8 is widely expressed in tumor, stromal, and endothelial cells. Its autocrine and paracrine functions have been shown to play important
roles in angiogenesis, tumor growth, and metastasis (18,19). Presently, a number of
mechanisms such as transforming growth factor beta 1 (TGF-beta1) signalling pathway
(20,21), thrombin/PAR-1 (protease-activated receptor1) system (22) and zinc deficiency
(12) have been reported about the over expression of IL-8. In addition to the role of IL-8
in cancer biology, its over-expression is clearly presented and its role as a biochemical
marker in diagnosis and/or monitoring of PC has been questioned. Our study showed
that the plasma IL-8 concentration of patients measured by the ELISA assay was not
significantly higher in PC patients (52.3 ± 7.1 pg/ml) relative to BPH patients (49.1 ±
11.3 pg/ml, p>0.05) (Figure 1). A study done by Veltri et al. (1999) found contradicting results. It was reported that the serum IL-8 concentration in clinically well-defined patients
was independent of the free/total PSA ratio as a predictor of PC (23). Limited number of
our samples may be the basis for the controversy. Studies on breast cancer patients have
also revealed that elevated serum IL-8 levels strongly correlate to the clinical stage of
the disease (24). In our research using the one-way ANOVA test, a significant difference was noticed only between the IL-8 concentration of severe PC and mild PC patients (p<0.003), but not with moderate PC patients (Figure 3). This agrees well with the
work of Lehrer et al., who showed a significant elevation of serum IL-8 in men with
bone metastases diagnosed by Tc-99 MDP bone scan when compared to men with the
localized disease (25). In addition, IL-8 level in supernatants of PC3 and DU145 cell
lines was measured (2650.6 vs. 443.5 pg/ml). It was found that these cells produce and
secrete IL-8 in the media, showing that part of the increase in IL-8 concentration maybe
due to its secretion in the medium. We also showed that PC3 cell lines which are responsible for bone metastasis secrete more IL-8, in agreement with the studies of Lehrer
et al. (25).
Mean PSA level in PC patients were significantly higher than the level in BPH ones
(p<0.03, Figure 2). No correlation was found between IL-8 and PSA level or the age of
either PC or BPH patients. However, a correlation was found between plasma IL-8 level
and Gleason scores of PC patients using the Spearman test (p<0.001). Therefore, plasma
IL-8 level may increase with progression of tumor to a more malignant state, perhaps
due to more cell proliferation and angiogenesis. To prove this claim, plasma IL-8 concentration could be measured in more PC patients.
ACKNOWLEDGEMENTS
This project was supported by Shiraz University of Medical Sciences (grant No.3928).
We also thank Mr. Mohammad Ali Vakili for his help with data analysis, Ms. Anahid
Haghighat Zangeneh for reading and Dr. Mahmoud Vessal for reviewing this manuscript and providing many helpful comments.
REFERENCES
1
2

Hughes C, Murphy A, Martin C, Sheils O, O'Leary J. Molecular pathology of prostate cancer. J Clin Pathol. 2005; 58: 673-84.
Chodak G. Prostate cancer: epidemiology, screening, and biomarkers. Rev Urol. 2006; 2: S3-8.

Iran.J.Immunol. VOL.6 NO.2 June 2009

97

IL-8 in prostate cancer and BPH
3

4
5
6
7

8
9
10
11
12

13
14
15
16
17
18
19

20
21
22
23
24
25

Seaton A, Scullin P, Maxwell PJ, Wilson C, Pettigrew J, Gallagher R, et al. Interleukin-8 signaling promotes androgenindependent proliferation of prostate cancer cells via induction of androgen receptor expression and activation. Carcinogenesis. 2008; 29: 1148-56.
Rossi D, Zlotnik A. The biology of chemokines and their receptors. Annu Rev Immunol. 2000; 18: 217-42.
Boldrini L, Gisfredi S, Ursino S, Lucchi M, Melfi F, Mussi A, et al. Tumour necrosis factor-alpha: prognostic role and relationship with interleukin-8 and endothelin-1 in non-small cell lung cancer. Int J Mol Med. 2006; 17: 887-92.
Galffy G, Mohammed KA, Dowling PA, Nasreen N, Ward MJ, Antony VB. Interleukin 8: an autocrine growth factor for
malignant mesothelioma. Cancer Res. 1999; 59: 367-71.
Gokhale AS, Haddad RI, Cavacini LA, Wirth L, Weeks L, Hallar M, et al. Serum concentrations of interleukin-8, vascular
endothelial growth factor, and epidermal growth factor receptor in patients with squamous cell cancer of the head and neck.
Oral Oncol. 2005; 41: 70-6.
Wang Y, Yang J, Gao Y, Du Y, Bao L, Niu W, et al. Regulatory effect of e2, IL-6 and IL-8 on the growth of epithelial ovarian
cancer cells. Cell Mol Immunol. 2005; 2: 365-72.
Konno H, Ohta M, Baba M, Suzuki S, Nakamura S. The role of circulating IL-8 and VEGF protein in the progression of gastric cancer. Cancer Sci. 2003; 94: 735-40.
Kuwada Y, Sasaki T, Morinaka K, Kitadai Y, Mukaida N, Chayama K. Potential involvement of IL-8 and its receptors in the
invasiveness of pancreatic cancer cells. Int J Oncol. 2003; 22: 765-71.
Rubie C, Frick VO, Pfeil S, Wagner M, Kollmar O, Kopp B, et al. Correlation of IL-8 with induction, progression and metastatic potential of colorectal cancer. World J Gastroenterol. 2007; 13: 4996-5002.
Golovine K, Uzzo RG, Makhov P, Crispen PL, Kunkle D, Kolenko VM. Depletion of intracellular zinc increases expression of
tumorigenic cytokines VEGF, IL-6 and IL-8 in prostate cancer cells via NF-kappaB-dependent pathway. Prostate. 2008; 68:
1443-9.
Slaton JW, Inoue K, Perrotte P, El-Naggar AK, Swanson DA, Fidler IJ, et al. Expression levels of genes that regulate metastasis and angiogenesis correlate with advanced pathological stage of renal cell carcinoma. Am J Pathol. 2001; 158: 735-43.
Derin D, Soydinc HO, Guney N, Tas F, Camlica H, Duranyildiz D, et al. Serum IL-8 and IL-12 levels in breast cancer. Med
Oncol. 2007; 24: 163-8.
Nelson WG, De Marzo AM, Isaacs WB. Prostate cancer. N Engl J Med. 2003 24; 349: 366-81.
Beebe-Dimmer JL, Faerber GJ, Morgenstern H, Werny D, Wojno K, Halstead-Nussloch B, et al. Body composition and serum
prostate-specific antigen: review and findings from Flint Men's Health Study. Urology. 2008; 71: 554-60.
Bensalah K, Lotan Y, Karam JA, Shariat SF. New circulating biomarkers for prostate cancer. Prostate Cancer Prostatic Dis.
2008; 11: 112-20.
Lee HL, Eom HS, Yun T, Kim HJ, Park WS, Nam BH, et al. Serum and urine levels of interleukin-8 in patients with nonHodgkin's lymphoma. Cytokine. 2008; 43: 71-5.
Murphy C, McGurk M, Pettigrew J, Santinelli A, Mazzucchelli R, Johnston PG, et al. Nonapical and cytoplasmic expression
of interleukin-8, CXCR1, and CXCR2 correlates with cell proliferation and microvessel density in prostate cancer. Clin Cancer Res. 2005; 11: 4117-27.
Lu S, Dong Z. Characterization of TGF-beta-regulated interleukin-8 expression in human prostate cancer cells. Prostate. 2006;
66: 996-1004.
Fong YC, Maa MC, Tsai FJ, Chen WC, Lin JG, Jeng LB, et al. Osteoblast-derived TGF-beta1 stimulates IL-8 release through
AP-1 and NF-kappaB in human cancer cells. J Bone Miner Res. 2008; 23: 961-70.
Liu J, Schuff-Werner P, Steiner M. Thrombin/thrombin receptor (PAR-1)-mediated induction of IL-8 and VEGF expression in
prostate cancer cells. Biochem Biophys Res Commun. 2006; 343: 183-9.
Veltri RW, Miller MC, Zhao G, Ng A, Marley GM, Wright GL Jr, et al. Interleukin-8 serum levels in patients with benign
prostatic hyperplasia and prostate cancer. Urology. 1999 ; 53: 139-47.
Kozlowski L, Zakrzewska I, Tokajuk P, Wojtukiewicz MZ. Concentration of interleukin-6 (IL-6), interleukin-8 (IL-8) and
interleukin-10 (IL-10) in blood serum of breast cancer patients. Rocz Akad Med Bialymst. 2003; 48: 82-4.
Lehrer S, Diamond EJ, Mamkine B, Stone NN, Stock RG. Serum interleukin-8 is elevated in men with prostate cancer and
bone metastases. Technol Cancer Res Treat. 2004 ; 3: 411.

98

