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Abstract. The protein-bound polysaccharide K (PSK) is 
used as a non-specific immunotherapeutic agent for the 
treatment of colon cancer. Little research, however, has been 
conducted on its association with angiogenesis, which is a 
prognostic factor markedly correlated with hematogenous 
metastases. We therefore decided to investigate the action of 
PSK on angiogenic growth factors, angiogenesis inhibitors 
and angiogenesis in colon cancer cells. Reverse transcription-
polymerase chain reaction (RT-PCR) was used to investigate 
changes in HIF-1α mRNA expression. PCR array was used 
to investigate changes in angiogenic growth factors and 
angiogenesis inhibitors, as well as the expression of related 
genes. Colon cancer cells were cultured with or without PSK 
for 48 h. The following day, cells were cultured for two days 
at 37˚C in new complete media. The resulting culture medium 
was placed in the chamber of a tube formation system in order 
to investigate tube formation. Investigation of HIF-1α mRNA 
expression in colon cancer cell lines and in cells cultured under 
identical conditions with added PSK revealed a significant 
decrease in expression, as well as a decrease in angiogenic 
growth factors and related genes in PSK-treated colon cancer 
cell lines. By contrast, levels of angiogenesis inhibitors and 
related genes were higher in the PSK-treated colon cancer cell 
lines. Investigation of tube formation revealed that elongation 
was inhibited in the medium of the PSK-treated colon cancer 
cell lines in comparison to the medium of the non-treated 
colon cancer cell lines. PSK suppresses angiogenic growth 
factors and related genes, enhances angiogenesis inhibitors 
and related genes and ultimately suppresses angiogenesis in 
colon cancer cells.

Introduction

Polysaccharide K (PSK; Kureha Chemical Industry Co., 
Ltd., Tokyo, Japan) is a protein-bound polysaccharide 
widely used as a non‑specific immunotherapeutic agent and 

is derived from the cultured mycelia of Coriolus versicolor. 
This protein-polysaccharide complex, which has a molecular 
weight of approximately 940,000 Da, contains approximately 
38% protein and a saccharide portion consisting of a glucan 
with approximately 75%  glucose and smaller amounts of 
mannose, xylose and galactose (1). To date, PSK has been 
administered primarily to patients with gastric cancer, colon 
cancer and other gastrointestinal malignancies. Torisu et al 
reported that patients with curatively resected colon cancer 
had a significantly improved survival rate when treated with 
PSK  (2). Yoshitani and Takashima (3) and Ohwada et  al 
(4), who used PSK in combination with anticancer agents to 
treat curatively resected patients, also reported significantly 
improved survival in the patients who received PSK compared 
with those who did not.

The following main mechanisms of action of PSK on 
malignancies have been identified to date: i) direct apoptosis 
induction, inhibition of cellular infiltration and enhancement 
of MHC class-I expression; ii) enhancement of natural killer, 
cytotoxic T and lymphokine-activated killer activation and 
regulation of cytokine production; and iii)  suppression of 
TGF-β production and reduction of oxidative stress  (5-8). 
PSK also has a variety of immunostimulatory effects as a 
biochemical response modifier. Liver, lung and other hema-
togenous metastases are considered to be prognostic factors 
in colon cancer. Hematogenous metastases of colon cancer 
are generally believed to occur when cancer cells detach from 
the primary tumor, invade the capillaries and spread systemi-
cally via the portal and greater circulatory systems prior to 
adhering to vascular endothelial cells in the target organ, 
escaping and infiltrating outside blood vessels and prolifer-
ating (9,10). Previous characterization of the mechanisms of 
metastasis has identified key angiogenic growth factors in 
this process (11-13). Therefore, we investigated the changes 
induced by PSK in angiogenic growth factors, angiogenesis 
inhibitors and related genes in colon cancer cells, and whether 
PSK suppresses angiogenesis.

Materials and methods

Cell culture and PSK stimulation. Human colorectal cancer 
cell lines, SW620, HT29 and HCT116 (obtained from 
European collection of cell cultures, UK), were cultured at 
37˚C in 5% CO2 in RPMI‑1640 medium containing 10% fetal 
bovine serum (14). Cells were seeded (5x105) into 6‑cm dishes 
in triplicate with PSK for 2 days.
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Cell viability. Apoptosis was detected by flow cytometry 
using Annexin V Detection kit (Nanjing KeyGen Biotech, 
Nanjing, China). Briefly, cells were double stained with 
Annexin V-TIRIC for 15 min at 37˚C. After cells were washed 
thrice in PBS, we detected non-red cells under a fluorescent 
microscope.

Reverse transcription-polymerase chain reaction (RT-PCR) 
analysis. The total RNA was extracted from the colorectal 
cancer cells using guanidinium-thiocyanate (15,16). Single 
strand cDNA was prepared from 3 µg of total RNA using 
Moloney murine leukemia virus reverse transcriptase 
(Takara Bio, Inc., Shiga, Japan). The primers for PCR ampli-
fication of the HIF-1α gene-coding regions were as follows: 
5' primer; HIF-1α -AX,GGACAAGTCACCACAGGA, 3' 
primer; HIF-1α -BX,GGAGAAAATCAAGTCGTG. GAPDH 
amplification was used as an internal PCR control with 
5'-GGGGAGCCAAAAGGGTCATCATCT-3' as the sense 
primer and 5'-GACGCCTGCTTCACCACCTTCTTG-3' as 
the antisense primer. A total of 23 cycles of denaturation 
(94˚C, 1 min), annealing (50˚C, 1.5 min) and extension (72˚C, 
2  min) were carried out in a thermal cycler (PTC-100, 
Programmable Thermal Controller, NJ Research Inc., MA, 
USA). The PCR products (10 µl) which demonstrated the 
relevant bands in RT-PCR analysis were sequenced by elec-
trophoresis in 1.2%  agarose gel. The sequencing was 
performed on PCR products that showed the bands in 
RT-PCR analysis.

RT2 Profiler™ PCR array and real-time PCR. Total RNA 
was extracted from colon cancer cells using guanidinium-
thiocyanate. Real-time PCR was performed according to the 
manufacturer's instructions included with the RT2 Profiler 
PCR array system (angiogenic growth factors and angio-
genesis inhibitors; PCR array: catalog no. PAHS-072A; SA 
Bioscience, Valencia, CA, USA). The data were analyzed 
using Excel-based PCR array data analysis templates. 

In vitro tube formation assay. Following preparation of the 
cells described above, the medium was removed from all 
dishes and replaced with fresh complete medium. After two 
days, each culture fluid was collected and added to wells of an 
angiogenesis kit (Kurabo Company, Japan). Fields from each 
sample were photographed and total tube length was analyzed 
by the MacSCOPE program (Mitani Company, Tokyo, Japan). 
The control tube areas were defined as 100% tube formation 
and the percent increase in tube formation as compared with 
the control was calculated for each sample (17).

Statistical considerations. Other characteristics of the two 
treatment methods were compared using the Chi-square test. 
P<0.05 was considered to indicate a statistically significant 
result.

Results

Cell viability. The colon cancer cells analyzed under a fluo-
rescence microscope using the Annexin-V assay demonstrated 
no increased cell apoptosis and death in samples treated with 
PSK (100 or 300 µg/ml) compared with untreated cells. Cells 

treated with 500 µg/ml demonstrated an increase in cell apop-
tosis and death (Table I).

HIF-1α mRNA expression with PSK exposure in colon cancer 
cell lines. RT-PCR was used to investigate HIF-1α mRNA 
expression in colon cancer cell lines. The results are shown in 
Fig. 1. Although the expression of HIF-1α mRNA was detected 
in colon cancer cell lines, the addition of PSK suppressed 
HIF-1α mRNA expression in colon cancer cell lines.

Expression of angiogenic growth factors in colon cancer cell 
lines treated with PSK. PCR array was used to investigate how 
the addition of PSK to colon cancer cell lines affected levels 
of angiogenic growth factors and related genes. A comparison 
of levels in these cells to those in untreated colon cancer cell 
lines cultured is listed in Table II. Typical genes that were 
expressed at lower levels included gastrin-releasing peptide 
(GRP), interleukin 8 (IL8) and platelet-derived growth factor 
β polypeptide (PDGFB) in HCT116, EGF-like repeats and 
discoidin I-like domains 3 (EDIL3) in SW620 and chemokine 
(C-X-C motif) ligand 9 (CXCL9), fibroblast growth factor 
binding protein 1 (FGFBP1) and interleukin 8 (IL8) in the 
HT29 cell line. Numerous other angiogenic growth factors 
and the expression of related genes were reduced in all cell 
types.

Expression of angiogenesis inhibitors in colon cancer cell 
lines treated with PSK. PCR array was used to investigate how 
the addition of PSK to colon cancer cell lines affected levels 
of angiogenesis inhibitors and related genes. A comparison 
of levels in these cells to those in untreated colon cancer cell 
lines cultured at 20% CO2 is listed in Table III. Typical genes 

Figure 1. The expression of HIF-1α mRNA was detected in colon cancer cell 
lines. The HIF-1α mRNA expression in colon cancer cell lines treated with 
PSK was decreased. PSK, polysaccharide K.

Table I. Cell viability following exposure to PSK. 

PSK (µg/ml)	 Annexin V staining (%)

0	 3.2
100	 3.5
300	 3.8
500	 10.0

PSK, polysaccharide K.
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Table II. Representative list of downregulated genes in PSK-stimulated cells (angiogenic growth factors and related genes).

Cell line	 Gene Bank	 Description	 Ratio

HCT116	 Hs.153444	 GRP, gastrin-releasing peptide	 -5.2635
	 Hs.624	 IL8, interleukin 8	 -4.0425
	 Hs.1976	 PDGFB, platelet-derived growth factor β polypeptide	 -4.9113
SW620	 Hs.482730	 EDIL3, EGF-like repeats and discoidin I-like domains 3	 -11.0357
HT29	 Hs.77367	 CXCL9, chemokine (C-X-C motif) ligand 9	 -28.9895
	 Hs.1690	 FGFBP1, fibroblast growth factor binding protein 1	- 4.4097
	 Hs.624	 IL8, interleukin 8	 -19.315

PSK, polysaccharide K.

Table III. Representative list of upregulated genes in PSK-stimulated cells (angiogenesis inhibitors and related genes).

Cell line	 Gene Bank	 Description	 Ratio

HCT116	 Hs.522632	 TIMP1, TIMP metallopeptidase inhibitor 1	 5.7541
SW620	 -	 -	 -
HT29	 Hs.673	 IL12A, interleukin 12A (natural killer cell stimulatory 	 17.1
		  factor 1, cytotoxic lymphocyte maturation factor 1, p35)
	 Hs.644596	 TNNI3, troponin I type 3 (cardiac) 	 4.1713

PSK, polysaccharide K.

Figure 2. Tube formation in PSK-stimulated colon cancer cells. PSK-treated or untreated colon cancer cell lines were applied to the wells of a tube formation 
assay to investigate the effects on elongation of tube formation. The length was significantly decreased in PSK-stimulated colon cancer cells compared with 
untreated cells. PSK, polysaccharide K.
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that were expressed at higher levels included TIMP metallo-
peptidase inhibitor (TIMP1) in HCT116 and interleukin 12A 
(IL12A) and troponin I type 3 (TNNI3) in the HT29 cell line. 
There were no typical genes with an altered expression pattern 
in the SW620 cell line.

Tube formation in colon cancer cell lines treated with or 
without PSK. The medium from PSK-treated colon cancer 
cell lines was applied to the wells of a tube formation assay 
to investigate the effects of PSK on the elongation of tube 
formation. Tube elongation in the medium of untreated colon 
cancer cell lines was taken to be 100%, elongation was 40% 
in SW620, 27% in HCT116 and 36.5% in HT29 cells cultured 
in the medium of PSK-treated colon cancer cell lines (Figs. 2 
and 3). Elongation was therefore significantly less than that 
observed in the medium of non-treated colon cancer cell 
lines.

Discussion

PSK, derived from the cultured mycelia of C. versicolor, is 
widely used as a nonspecific immunotherapeutic agent (1,5‑8). 
The efficacy of PSK has been demonstrated to increase 
survival in patients with gastrointestinal malignancies, 
including gastric and colon cancer. Hematogenous metastases 
are considered to be a prognostic factor in colon cancer, and 
PSK is believed to act in the process leading to these metas-
tases, thereby increasing survival (2-4). It has been reported 
that the occurrence of hematogenous metastases in colon 
cancer is closely correlated with increased angiogenesis, and 
angiogenic growth factors and angiogenic growth inhibiting 
factors likely contribute to the induction and propagation 
of angiogenesis and may eventually promote hematogenous 
metastases (9-13).

We investigated how the addition of PSK to the medium of 
cultured colon cancer cell lines affects the expression of the 
HIF-1α gene, which is closely associated with the expression 
of angiogenic growth factors, in addition to angiogenic growth 
factors and angiogenesis (18-23).

The expression of HIF-1α mRNA was detected in colon 
cancer cell lines, but the addition of PSK suppressed HIF-1α 
mRNA expression. The HIF-1α gene is believed to activate 
the production of numerous angiogenic growth factors, and 
has various effects on cancer, regulating at least 70 genes, 
most of which promote cancer  (18-23). Also HIF-1α gene, 
oncogene and tumor suppressor gene intricately linked with 
the expression of angiogenic growth factors and angiogenesis 
inhibitors (24). A PCR array was then used to investigate the 
affected angiogenic growth factors and angiogenesis inhibi-
tors. Although the suppression of genes differed between the 
cell lines studied, the addition of PSK suppressed numerous 
angiogenic growth factors and increased levels of angiogen-
esis inhibitors.

When the untreated colon cancer cell lines were used in 
a tube formation system, tube formation was promoted. By 
contrast, when the PSK-treated colon cancer cell lines were 
used, tube formation was reduced, which indicates that PSK 
acts to suppress angiogenesis in the strains of colon cancer 
cells studied.

The effects of PSK identified in the present study include 
the suppression of HIF-1α gene expression, the suppression of 
angiogenic growth factors and the enhancement of angiogen-
esis inhibitors in colon cancer cells. These findings demonstrate 
the potential of PSK to ultimately suppress angiogenesis.
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