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Abstract. It has been suggested that various cytokines are 
associated with the pathophysiology of prostate carcinoma 
(Pca). We profiled ten cytokines (IL-1β, IL-2, IL-4, IL-5, IL-6, 
IL-8, IL-10, IL-12, IFN-γ and TNF-α) in the serum levels of 11 
patients with organ-confined Pca, 15 with advanced Pca without 
cachexia, 8 with advanced Pca with cachexia (cachexia group) 
and 5 healthy males as controls. Cytokines were measured using 
a highly sensitive fluorescence microsphere system. Compared 
to the control group, serum levels of all cytokines were signifi-
cantly higher in the cachexia group, and six cytokines (IL-1β, 
IL-2, IL-8, IL-12, TNF-α and IFN-γ) were significantly higher 
in the group with advanced Pca without cachexia. In the group 
with organ-confined Pca, only IL-1β and IL-12 levels were 
significantly higher compared to the control group. In the 
cachexia group, levels of all cytokines apart from TNF-α were 
significantly higher compared to the group with organ-confined 
Pca, and levels of four cytokines (IL-2, IL-4, IL-8 and IL-10) 
were significantly higher compared to the group with advanced 
Pca without cachexia. These results indicate that i) an aber-
rance imbalance of cytokine production was associated with 
the pathophysiology of Pca and cachexia, ii) cytokine profiles 
in Pca patients were distinct by disease stage, and iii) IL-1β and 
IL-12 may be applicable as early diagnostic indicators.

Introduction

Prostate cancer (Pca) is a common cause of morbidity and 
mortality in the developed world, and is one of the major 

malignant neoplasms in males (1-3). Sixty to seventy percent 
of patients with advanced Pca suffer from cachexia (4). Cancer 
cachexia is one of the most devastating conditions of advanced 
malignant disease. It is characterized by weight loss and 
anorexia that involves the depletion of host adipose tissue and 
skeletal muscle (5). Cachexia brings a lower quality of life, a 
poorer response to chemotherapy and reduced survival (6). 
However, as in patients with other types of malignant diseases, 
the pathophysiology and etiology of cachexia in patients with 
Pca is not well understood, and intervention strategies to alle-
viate the condition are not yet available.

The pathophysiology of cachexia associated with the 
progression of malignant disease in patients is multifactorial. 
Several cytokines, such as tumor necrosis factor α (TNF-α), 
interleukin 1 (IL-1), IL-6 and IL-8, are known as agents that 
contribute to the condition (5). Cytokines are major homeostatic 
modulators in vivo and may be associated with the pathophysi-
ology of various types of cancers (7-11). These cytokines are 
also reported to be associated with cachectic Pca (5,6,12,13). 
For example, the levels of pro-inflammatory cytokine, TNF-α, 
in cachectic Pca patients as well as organ-confined Pca patients 
were higher compared to the control (14). Another cytokine, 
IL-6, is also associated with the pathophysiology of cachexia 
in Pca (15). However, research into the relationships between 
other cytokines and the pathophysiology of cachexia is ongoing.

Previous studies have shown that more than thirty types of 
cytokines have been discovered and their biological functions 
studied (14-18). Each cytokine forms a cytokine network, and 
these networks may synchronize various biological events, 
including immunity, cell differentiation, proliferation and 
cancer growth in humans. Thus, the evaluation of various 
cytokines could be critical to gaining a better understanding 
of the pathophysiology of Pca, including the complication of 
cachexia. In addition, it has been reported that ceratin cyto-
kines in the serum may be distinct in the disease stages of Pca 
(11,13,14), although these reports involve less than five types of 
cytokines. Based on this background, we profiled ten types of 
cytokines in the sera levels of patients at various stages of Pca.
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Materials and methods

Subjects. Thirty-nine subjects were categorized into four 
groups as previously described (14): patients with organ-
confined Pca (n=11), patients of advanced Pca without 
cachexia (n=15), patients of advanced Pca with cachexia (n=8) 
and healthy male adults as controls (n=5) (Table I). Written 
informed consent was obtained from all patients. The study 
protocol was approved by the Ethics Committee on Human 
Research of Gunma Prefectural Cancer Center. The four 
groups were defined as follows.

Organ-confined Pca group. This group consisted of 
11 patients with newly diagnosed, organ-confined Pca, at 
stage 1. Radical prostectomy was performed on 10 of the 11 
patients. The remaining patient underwent hormone therapy. 
Serum samples were obtained prior to primary therapy. The 
median age of this group was 64.2 years.

Advanced Pca without cachexia group. This group 
consisted of 15 advanced Pca patients without cachexia. They 
were all diagnosed with bone metastasis, but none of them 
suffered from peripheral edema, weight or appetite loss. The 
median age of this group was 70.7 years.

Advanced Pca with cachexia group (cachexia group). This 
group consisted of 8 advanced Pca patients with cachexia. 
They were all diagnosed with metastasis to other organs 
and suffered from appetite and weight loss. All patients died 
within 4 months (mean 1.2) after cachexia was diagnosed. The 
median age of this group was 71.4 years.

Control group. This group comprised 5 volunteers (healthy 
male adults) with no history of benign or malignant prostatic 
disease. The median age of this group was 49.4 years (Table I). 
Since high levels of prostate-specific antigen (PSA) in the 
serum due to benign prostatic hyperplasia (BPH) were found 
in individuals over the age of 51 years, we chose male subjects 
under 50 years of age as the control group (19,20).

Measurement of serum cytokines. Serum specimens were 
obtained from the patients or the normal controls at the 
Gunma Prefectural Cancer Center. We evaluated the levels 

of ten cytokines in a small volume (50 µl) of serum using a 
highly sensitive fluorescence microsphere system (Bio-Plex 
suspension array system, Hercules, CA, USA). Serum levels 
of the following cytokines were determined: IL-1β, IL-2, IL-4, 
IL-5, IL-6, IL-8, IL-10, IL-12, IFN-γ and TNF-α. Samples 
were processed following the Bio-plex cytokine assay instruc-
tion manual. Total protein, albumin and hemoglobin were 
measured in each blood sample.

Categorization of cytokines. The ten cytokines were 
categorized into four groups as previously described (21): 
proinf lammatory cytokines (IL-1β, IL-6 and TNF-α; 
Fig. 1A-C), neutrophil recruitment-inducing chemokine (IL-8; 
Fig. 1D), Th1 cytokines (IL-2, IL-12 and IFN-γ; Fig. 1E-G) 
and Th2 cytokines (IL-4, IL-5 and IL-10; Fig. 1H-J).

Statistical analysis. Data were analyzed using the SAS JMP 
8 software (Cary, NC, USA). All data were expressed as the 
means ± SE. Statistical analysis of the cytokine levels was 
performed by the Kruskal-Wallis method. Statistical signifi-
cance was set at the level of p<0.05.

Results

Various cytokines (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, 
IL-12, IFN-γ and TNF-α) were profiled in the serum levels of 
patients with organ-confined Pca (n=11), advanced Pca without 
cachexia (n=15), advanced Pca with cachexia (cachexia group, 
n=8) and healthy males (control group, n=5). Fig. 1 shows the 
serum levels of the various cytokines quantitated in this study. 
Detailed statistical data with regard to cytokine concentrations 
in the sera are shown in Table II. Levels of all cytokines in the 
sera of the cachexia group were significantly higher than those 
in the control group. In the group with advanced Pca without 
cachexia, the levels of six cytokines (IL-1β, IL-2, IL-8, IL-12, 
TNF-α and IFN-γ) were significantly higher than those in the 
control group, and IL-1β and IL-12 were significantly higher 
in the sera of the group with organ-confined Pca. Levels of 
all cytokines except TNF-α were significantly higher in the 

Table I. Clinical data of the subjects. 

	 Control	 Organ-confined Pca	 Advanced Pca without 	 Advanced Pca with 
	 (n=5)	 (n=11)	 cachexia (n=15)	 cachexia (n=8)

Age (years)	 49.4±3.3	 64.2±2.1	 70.7±2.0	 71.4±2.9
Radical prostectomy		  10
Hormone therapy		    1	 15	 8
Stage I		  11
Stage IV			   15	 8
Total serum protein (g/dl)	   7.4±0.2	   7.2±0.1	    6.3±0.2	    5.6±0.3a

Serum albumin (g/dl)	   4.1±0.1	   4.3±0.1	    3.5±0.1	    2.7±0.2a

Hb (104/µl)	 14.2±0.5	 14.3±0.5	   10.4±0.6a	    8.8±1.0a

PSA (ng/ml)	   1.7±0.5	 11.6±3.0	 1,206.2±374.0a	 1,390.5±705.6a

Life expectancy	 All alive	 All alive	 8.4 months	 1.2 months

Pca, prostate carcinoma. ap<0.05 vs. control or organ-confined Pca. Data are expressed as the means ± SE. Details of the statistical method are 
described in the text. 
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sera of the cachexia group than in the organ-confined Pca 
group. In addition, the levels of four cytokines (IL-2, IL-4, 
IL-8 and IL-10) in the cachexia group were significantly higher 
than those in the group with advanced Pca without cachexia.

Bood data were compared regarding serum total protein, 
serum albumin, serum PSA and hemoglobin concentrations 
in each group (Table I). The serum total protein and serum 
albumin in the cachexia group were lower than in the other 
groups. Hemoglobin concentrations of whole blood in the 
groups with advanced Pca without cachexia and cachexia 
were lower than those in both the organ-confined Pca and 
control groups. In addition, serum PSA levels in the group 
with advanced Pca without cachexia and cachexia group were 
higher than the level in the control group. However, no corre-
lations between serum PSA and serum cytokine levels were 
found (p>0.05).

Discussion

We profiled serum cytokine levels (ten cytokines) in patients 
with organ-confined Pca, patients with advanced Pca without 
cachexia, patients with advanced Pca accompanied with 
cachexia (cachexia group) and healthy adults (control group). 
In the sera of the cachexia group, all cytokine levels were 
significantly higher than in the control group, nine cytokines 
(except TNF-α) were significantly higher than in the organ-
confined Pca group and four cytokines (IL-2, IL-4, IL-8 
and IL-10) were significantly higher than in the group with 
advanced Pca without cachexia. Compared to the controls, the 
levels of six cytokines (IL-1β, IL-2, IL-8, IL-12, TNF-α and 
IFN-γ) were significantly higher in the group with advanced 
Pca without cachexia, but only two cytokines (IL-1β and 
IL-12) were significantly higher in the organ-confined Pca 
group. In addition, hemoglobin concentrations in blood, serum 
protein and serum albumin were lower in the cachexia group 
than these concentrations in the control group. These results 
suggest that aberrant and imbalanced production of various 
cytokines in Pca patients with or without cachexia may be 
associated with the pathophysiology of Pca, and these cytokine 
profiles may represent distinct disease stages in patients with 
Pca. Furthermore, the serum levels of IL-1β and IL-12 may be 
applicable biomarkers of early-stage Pca, although larger scale 
studies are required.

Previous reports suggest that various cytokine levels in 
Pca sera are higher than those in normal adults. For example, 
IL-1, IL-6, IL-8 and TNF-α levels were found to be higher 
than normal in patients with advanced Pca (11,14). Indeed, 
our data are comparable to the data from these previous 
studies. Previous reports also discuss relationships between 
cytokinemia and the pathophysiology of Pca with or without 
cachexia. IL-6, IL-8 and TNF-α have been particularly well 
studied (5,14). The main symptoms of cachexia are weight loss 
and anorexia that involves the depletion of host adipose tissue 
and skeletal muscle. Both IL-8 and TNF-α are involved in the 
depletion of adipose tissue. In addition, IL-8 may be associ-
ated with tumor growth and the development of angiogenesis, 
tumorigenesis and metastasis (22,23). Another report showed 
that IL-1 may play a similar role to TNF-α (24).

Anemia is a well-known complication in cachectic patients 
(11). A previous study suggested that TNF-α inhibits normal 
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hematopoietic progenitors, leading to both anemia and throm-
bocytopenia (25). Thus, in the present study, the high levels of 
these cytokines noted in cachectic patients may be associated 
with representative cachectic symptoms.

We also found that levels of other cytokines, such as IL-2, 
IL-4, IL-5, IL-10, IL-12 and IFN-γ, were higher than normal 
in cachexic patients. We explain the significances of these 
cytokines in Pca and cachexia as follows. First, IL-2, IL-12 

Figure 1. Concentrations of proinflammatory, neutrophil recruitment-inducing chemokine, Th1 and Th2 cytokines in the sera of healthy adults, and patients 
with organ-confined Pca, advanced Pca without cachexia and advanced Pca with cachexia. Detailed subject data and procedures for the determination of 
cytokine concentrations in the sera are given in Tables I and II. Vertical bars represent the means ± SE.

  A   B

  C   D

  E   F   G

  H   I   J
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and IFN-γ are Th1 cytokines and they may suppress cancer 
development and metastasis (26). These cytokines may be 
produced by phagocytic cells (monocytes, macrophages and 
neutrophils) and dendritic cells (DC), and activate natural 
killer (NK) cells (representative anticancer immune cells) 
leading to anticancer effects. IL-2 and IL-12 elicit IFN-γ from 
NK cells, CD4-positive cells and CD8 cells, and accordingly 
play crucial anticancer effects in vivo (27). IL-12 and IFN-γ 
may therefore be applicable to the development of therapies for 
various types cancers, including Pca (27). In the present study, 
the serum levels of IL-12 were significantly elevated in all 
groups with Pca, even in the organ-confined group (Table II). 
In addition, the serum levels of IFN-γ were also elevated in the 
advanced Pca groups. Based on these results, it is suggested 
that elevated levels of Th1 cytokines, such as IL-2, IL-12 and 
IFN-γ, in Pca acted as anticancer agents, and cytokine profiles 
by disease stage of Pca were distinct.

IL-4, IL-5 and IL-10 are representative Th2 cytokines, 
and may be associated with cancer development. In particular, 
IL-4, IL-5 and IL-10 act as immunosuppressors of cancer 
immunity and promote cancer development (28,29). In the 
present study, these immunosuppressive cytokines were signif-
icantly elevated in the cachexia group. Thus, these cytokines 
may have contributed to further cancer development.

More than 50 types of cytokines have been confirmed 
to date, and most of these are thought to be associated with 
cancer biology, such as cancer immunity and progression. Our 
preliminary results showed that many serum cytokine levels 
were elevated in patients with Pca, and cytokine profiles by 
disease stage of Pca were distinct. In addition, Th1 cytokines 
(IL-1β and IL-12) may be applicable diagnostic markers of 
early-stage Pca. Therefore, it is important to understand the 
diverse roles of various cytokines in order to further address 
the pathophysiology of various types of cancers, including Pca.
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