
Abstract. Ankyrin repeat and SOCS box-containing 9 (ASB9)
is involved in the negative regulation of cytokine signaling.
However, its biological function is largely undefined. The
aim of this study was to assess the value and role of ASB9 as
an indicator of prognosis in colorectal cancer (CRC). In order
to demonstrate the importance of ASB9 expression for
predicting the prognosis of CRC, we analyzed the ASB9
mRNA expression in 125 paired cases of CRC and non-
cancerous regions and the protein expression by immuno-
histochemistry. To investigate the role of ASB9 in vitro, we
performed proliferation and invasion assay with small
interfering RNA against ASB9. ASB9 mRNA expression
was higher in CRC tissue than corresponding normal tissue
(P=0.0282). Patients expressing low levels of ASB9 had a
poorer overall survival rate than those expressing high levels
(P=0.0301), indicating that decreased ASB9 expression was
an independent prognostic factor. The immunohistochemical
study revealed that ASB9 was predominantly expressed in
cancer cells. A multivariate analysis showed that ASB9
expression status was an independent prognostic factor of
overall survival (relative risk, 4.09; 95% confidence interval,
1.47-11.88; P=0.007). In an invasion assay, ASB9 siRNA-
transfected cells showed significantly high invasiveness. The
results of the present study suggest that ASB9 is a useful
prognostic marker for CRC.

Introduction

Cancer is a major public health problem in developed countries.
In recent years, the incidence of colorectal cancer (CRC) has
significantly increased with changes in lifestyle and CRC is
now one of the most frequent causes of death from neoplastic

disease in Japan (1). Identifying genes responsible for the
development and progression of CRC and understanding
their clinical significance is critical to the diagnosis and
adequate treatment of the disease.

ASBs such as ASB5 and ASB8 have been reported to
play a role in the initiation of arteriogenesis and cell growth
(2,3) However, ASB9 is involved in the negative regulation
of cytokine signaling (4), its functions in colorectal cancer is
unknown. ASB9 was reported to have close relation to CKB.
Creatine kinase B (CKB) is over-expressed in a wide range
of solid tumors and has been used as a prognostic marker of
cancer and metastasis (5). The CKB gene is positively regu-
lated by the oncogene E1a and negatively regulated by the
tumor suppressor gene p53 (6,7). Thus, many growth factors
and hormones, such as estrogen, stimulate CKB activity and
expression (8,9). Estrogen has been shown to induce the
expression of CKB in the reproductive tract of female rats
and human breast tumors and tissues (10). We hypothesized
that ASB9 expression is a prognostic factor for CRC patients.
We analyzed the ASB9 gene in 125 paired cases of CRC and
non-cancerous regions, proposing an importance of ASB9
expression in evaluating prognosis and suggesting it as a
novel candidate marker for CRC.

Materials and methods

Clinical tissue samples. A total of 125 patients (45 men, 80
women) with CRC underwent surgery at the Medical Institute
of Bioregulation at Kyusyu University from 1992 to 2002.
Primary CRC specimens and adjacent normal colorectal
mucosa were obtained from patients after receiving informed
consent in accordance with institutional guidelines. Every
patient was definitively identified as having CRC based on
clinicopathological findings. The resected surgical specimens
were fixed in formalin, processed through graded ethanol,
embedded in paraffin, sectioned with hematoxylin and eosin
(H&E) stain and Elastica van Gieson stain, and the degree of
the histological differentiation, lymphatic invasion and venous
invasion examined. Immediately after resection, all speci-
mens were frozen in liquid nitrogen and kept at -80˚C until
RNA extraction was performed.

None of the patients received chemotherapy or radio-
therapy prior to surgery. After surgery, the patients were
followed up with blood analysis, including serum tumor
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markers carcinoembryonic antigen (CEA) and cancer antigen
(CA19-9), and imaging modalities, such as abdominal ultra-
sonography and/or computed tomography and chest X-ray,
every 3-6 months. Clinicopathological factors were assessed
according to the criteria of the Tumor-Node-Metastasis
(TNM) classification of the International Union Against
Cancer (UICC) (11).

RNA preparation and reverse transcription (RT)-PCR. Total
RNA was prepared using a modified acid guanidium-phenol-
chloroform procedure with DNAse (12). Reverse transcrip-
tion was performed using 2.5 μg of total RNA as described
previously (13). Two human ASB9 oligonucleotide primers
were designed for the PCR reaction: 5'-CCTGGCATCAGGC
TTCTTTC-3' (forward) and 5'-ACCCCTGGCTGATGAGG
TTC-3' (reverse). To confirm adequate PCR products, 35
cycles of PCR were performed using a PCR kit (Takara,
Kyoto, Japan) on a GeneAMP PCR system 9600 (PE Applied
Biosystems, Foster City, CA) with the following parameters:
95˚C for 40 sec, 45˚C for 40 sec, and 72˚C for 60 sec. An
8-μl aliquot of each reaction mixture was size-fractionated
in a 1.5% agarose gel and visualized by ethidium bromide
staining. To ensure that the RNA was not degraded, PCR spe-
cific to glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was performed using 30 cycles of 1 min at 95˚C, 1 min at
56˚C, and 1 min at 72˚C and the following primers: 5'-TTGG
TATCGTGGAAGGACTCA-3' (forward) and 5'-TGTCAT
CATATTGGCAGGTT-3' (reverse). A 270-bp amplicon was
produced. cDNA from the human reference total RNA
(Clontech, Palo Alto, CA, USA) was studied concurrently as
a source of positive controls.

Quantitative real-time PCR. Real-time PCR monitoring was
performed using the LightCycler FastStart DNA Master
SYBR-Green I kit (Roche Diagnostics, Tokyo, Japan). The
amplification protocol for ASB9 and GAPDH cDNA consisted
of 35 cycles of denaturation at 95˚C for 10 sec, annealing at
62˚C for 10 sec, and elongation at 72˚C for 10 sec. The
products were then subjected to a temperature gradient from
55˚C to 95˚C at 0.1˚C/sec with continuous fluorescence
monitoring to produce a melting curve for the products. The
ratio of ASB9 mRNA copies in tumor and normal tissues
was calculated and normalized against GAPDH.

Immunohistochemistry. Surgical specimens from formalin-
fixed, paraffin-embedded tissues were used for immunohisto-
chemistry. After deparaffinization and blocking, the antigen-
antibody reaction was incubated overnight at 4˚C. Reagent
(Envision, Dako Cytomation, Denmark) was applied to
detect the signal from the antigen-antibody reaction. All
sections were counterstained with hematoxylin. Primary anti-
ASB9 mouse monoclonal antibody (WH0140462M1, Sigma
Aldrich) was used at a dilution of 1:200. All sections were
independently examined for protein expression and scored as
positive when >10% of cancer tissues were stained in an
examined area of a specimen and negative when <10% was
stained.

Cell lines and culture. Three cell lines derived from human
CRC (CaCo-2, HCT116 and SW480) were obtained from the

American Type Culture Collection (Manassas, VA). Cells
were maintained in Dulbecco's minimal essential medium
(DMEM) containing 10% fetal bovine serum and antibiotics
at 37˚C in a 5% humidified CO2 atmosphere. For siRNA
inhibition, double-stranded RNA duplexes targeting human
ASB9 and negative control siRNA (NC) were purchased in a
Stealth RNAi kit (Invitrogen, Carlsbad, CA, USA): 5'-GCC
UGUCUUGGAGGUCAUCUCUCUU-3' and 5'-UAUUAAA
GCAUGGAGCUCAGGUGAA-3', 5'-CAGCCACCUGGGC
ACUCCACUCUAU-3' and 5'-GGCUUCCAGAAGAUCUA
CAAGCAAU-3', and 5'-ACGGGCGAAUUGAGUUGUCC
GAGUU-3' and 5'-GACAUUGUGGAUGCCAUUUACC
AGA-3'. The CRC cell lines were transfected with siRNA at
a concentration of 20 μmol/l using lipofectamine RNAiMAX
(Invitrogen), incubated in glucose-free Opti-MEM (Invitrogen),
treated in accordance with the manufacturer's protocols, and
analyzed by proliferation and invasion assay after 48 h. All
siRNA duplexes were used together in a triple transfection.
The culture growth rate was measured by counting cells
using a CellTac kit (Nihon Koden, Tokyo, Japan). Each
transfected cell line was compared to the wild-type and NC.
Values were expressed as the standard error of the mean
(SEM) of at least three independent experiments.

Proliferation assays. To assess proliferation, cells were
grown an additional 24 h in DMEM containing 10% FBS.
Cell viability was determined using the Cell Counting kit
incorporating WST-8 (Dojindo Lab., Tokyo, Japan). WST-8
(10 μl) was added to 100 μl of medium containing each
supplement above, and the absorbance was read at 450 nm
using a microplate reader (Model 680XR; Bio-Rad Labora-
tories, Hercules, CA, USA). All experiments were performed
at 30-80% cell confluence and the results confirmed in at
least three independent experiments.

Invasion assays. Cell invasion was assessed using the Cyto-
Select Cell Invasion Assay according to the manufacturer's
protocol (Cell Biolabs, San Diego, CA) 48 h after transfection.
Cells (1.0x105) in DMEM were placed on an 8.0-μm pore
size membrane inserted in 96-well plates. DMEM with 10%
FBS was placed in the bottom wells. After 24 h, non-inva-
ding cells were removed from the top side of the membrane
chamber, and the cells from the underside of the membrane
were completely dislodged by tilting the membrane chamber
in Cell Detachment Solution (Cell Biolabs). Lysis buffer/
CyQuannt GR dye solution (Cell Biolabs) was added to each
well, the fluorescence of the mixture was read with a fluo-
rescence plate reader at 480 nm/520 nm. The values are
expressed as a ratio to control (each parental cell).

Statistical analysis. For continuous variables, the data are
expressed as the mean ± SD. The relationship between mRNA
expression and clinicopathological factors was analyzed by
the Chi-square test and Student's t-test. Kaplan-Meier survival
curves were plotted and compared with the generalized log-
rank test. Univariate and multivariate analyses for the
identification of prognostic factors for overall survival were
performed using the Cox proportional hazard regression
model. The tests were analyzed using JMP software (SAS
Institute, Cary, NC, USA). Significance was set at P<0.05.
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Results

Relationship between ASB9 mRNA expression and clinico-
pathological characteristics. For the clinicopathological
evaluation, the experimental samples were divided into 2
groups according to expression status. Patients with a tumor
ASB9/ GAPDH ratio of expression above the median were
assigned to the high expression group (n=62); others were
assigned to the low expression group (n=63). Clinico-
pathological factors related to ASB9 expression status are
summarized in Table I. The number of cases with
histological grades of well, moderate, poor and mucinous
adenocarcinoma was 45, 71, 6 and 3, respectively. The
number of cases with UICC stages 0, I, IIA, IIB, IIIA, IIIB,
IIIC and IV was 6, 21, 31, 10, 5, 24, 6 and 22, respectively.
The data indicate that the expression of ASB9 was not
correlated with clinicopathological factors.

Relationship between ASB9 expression and prognosis. The
data show that the overall survival rate was significantly
higher in patients expressing elevated levels of ASB9 (Fig. 1).
The median follow up was 9.98±2.94 years. Table II presents
the univariate and multivariate analyses of factors related to
patient prognosis. Univariate analysis showed that the
following factors were significantly related to overall
survival: tumor depth (P<0.001), lymph node metastasis
(P=0.001), lymphatic invasion (P=0.001), venous invasion
(P=0.004) and ASB9 mRNA expression (P=0.013). Multi-
variate analysis indicated that inclusion in the high
expression group [relative risk (RR) 4.09; 95% confidence
interval (CI) 1.47-11.88; P=0.007], tumor invasion (RR 5.03;
95% CI 1.86-13.58; P=0.001), and lymph node invasion (RR
4.31; 95% CI 1.60-11.63; P=0.004) were independent
predictors of overall survival.
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Table I. Clinicopathological factors and ASB9 mRNA expression in 125 colorectal cancers.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Factors High expression (%) Low expression (%) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

<68 34 (54.8) 28 (44.4) 0.245
≥68 28 (45.2) 35 (55.6)

Gender
Male 24 (38.7) 21 (33.3) 0.531
Female 38 (61.3) 42 (66.7)

Histological gradea

Well 21 (33.9) 24 (38.1) 0.628
Othersb 41 (66.1) 39 (61.9)

Tumor size (mm)
<50 30 (48.4) 37 (58.7) 0.246
≥50 32 (51.6) 26 (41.3)

Depth
T0-3 43 (69.4) 40 (63.5) 0.488
T4 19 (30.6) 23 (36.5)

Lymph node metastasis
Absent 35 (56.5) 36 (57.1) 0.938
Present 27 (43.5) 27 (42.9)

Lymphatic invasion
Absent 37 (59.7) 42 (66.7) 0.418
Present 25 (40.3) 21 (33.3)

Venous invasion
Absent 51 (82.3) 52 (82.5) 0.967
Present 11 (17.7) 11 (17.5)

Metastasis 
M0 56 (90.3) 52 (82.5) 0.204
M1 6 (9.7) 11 (17.5)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aWell, well-differentiated adenocarcinoma; bOthers: moderately-differentiated adenocarcinoma, poorly-differentiated adenocarcinoma and
mucinous carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Immunohistochemistry. ASB9 protein staining was observed
predominantly in the cytoplasm of cancer cells and
undetectable in the stromal cells of colorectal tumors (Fig. 2).
Of 125 total cases, we examined ASB9 protein expression
status in 23 available patient samples that analyzed by RT-
PCR. Significantly higher ASB9 mRNA expression was
observed in the group with high immunohistochemistry
expression (n=10) compared to the low expression group
(n=13) (P=0.026, Student's t-test; Fig. 3). Thus, the level of
ASB9 mRNA expression was associated with the level of
protein expression.

In vitro assessment of the knockdown of ASB9 expression.
Three CRC cell lines were chosen for the proliferation and
invasion studies. A significant reduction in ASB9 using
siRNA was confirmed by quantitative real-time RT-PCR
(Fig. 4). No significant differences in CaCo2 and SW480 cell
numbers were measured in the proliferation assay between
NC and ASB9 siRNA-transfected cells, whereas significant
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Figure 1. Survival curves of patients with colorectal cancer according to the
status of ASB9 mRNA expression. Patients with low ASB9 expression had
a significantly poorer prognosis than those with high ASB9 expression.
P<0.0301 using the log-rank test.

Figure 2. Positive staining observed in the cytoplasm of cancer cells, but not
the stromal cells, indicating that the cancer cells are positive for ASB9
expression. A representative negative stain for ASB9 in a normal colorectal
specimen shows normal glandular cells. ASB9 protein expression was
evaluated in tumors and corresponding normal tissues from 23 colorectal
cancer cases. Original magnification x40. T, tumor cells; N, normal glandular
cells. Scale bar = 200 μm.

Figure 3. Relationship between ASB9 mRNA and immunohistochemistry in
tissue samples from 23 colorectal cancer cases. Higher ASB9 mRNA
expression was observed in the group with a higher immunohistochemistry
expression (n=10) compared to the low expression group (n=13). ASB9
mRNA expression was significantly associated with protein expression
(P=0.026 with the Student's t-test). The expression ratio of ASB9 mRNA
was calculated and normalized against GAPDH.

Figure 4. ASB9 mRNA knockdown by siRNA in CaCo2, HCT116 and
SW480 cells. A significant reduction in ASB9 mRNA expression by siRNA
was confirmed by quantitative real-time RT-PCR in CaCo2, HCT116 and
SW480 cells. The data are presented as mean ± SD of four independent
experiments. The expression levels were normalized to GAPDH mRNA
expression.
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differences were noted in HCT116 (n=4, Fig. 5). In the
invasion assay, the results showed significant differences in
HCT116 and SW480 cells between NC and ASB9 siRNA-
transfected cells but no significant differences in CaCo2 cells
(n=4, Fig. 5).

Discussion

ASB proteins constitute the largest family of SOCS box-
containing proteins with 18 identified murine and human
ASBs, but their biological and biochemical functions are
largely unknown. The ASBs contain a protein interaction
motif composed of a variable number of ankyrin repeats
upstream from the SOCS box that is found in eukaryotic,
bacterial and viral proteins, including receptors, proteins
involved in cell cycle regulation, secreted proteins and
transcription factors (14,15). The ASBs have been implicated
in different biological processes. ASB-1 was studied by

utilizing genetically modified mice; although ASB-1 knock-
out mice displayed some testicular anomalies, the deletion
and over-expression of ASB-1 had no obvious effect on
mouse development (16). On the other hand, ASB-2 may
regulate myeloid cell proliferation and/or differentiation
(17,18), ASB-5 possibly plays a role in the initiation of
arteriogenesis (2), and ASB-11 may regulate the proliferation
and differentiation of the developing nervous system (3).
Also, ASB-15 has been reported to regulate muscle growth
by acting as a negative regulator of proliferating muscle
cells and by increasing the rate of protein synthesis in
differentiated myoblasts (19,20) ASB-8 expression is
undetectable in normal adult lung tissue but present in
several lung carcinoma cell lines. The transfection of a
possible dominant negative form of ASB-8 suppressed the
growth of lung adenocarcinoma cells in vitro, implying an
association of ASB-8 with the development of lung cancer
(20). In the present study, high ASB9 mRNA expression
correlated with a good prognosis (Fig. 1). In addition,
multivariate analysis identified ASB9 mRNA expression as a
significant prognostic factor (Table II). In a previous report,
high ASB9 expression was shown to reduce endogenous
CKB (4). CKB, also known as the brain-type cytosolic
enzyme of creatine kinase, plays a major role in cellular
energy metabolism in non-muscle cells (5). Over-expression
of CKB has been observed in a number of tumors, including
neuroblastoma, small cell lung carcinoma, colon and rectal
adenocarcinoma, and breast and prostate carcinoma, as well
as some tumor cell lines (5,6). Furthermore, wild-type p53
represses the CKB promoter (7). In fact, many human small
cell lung carcinomas, which exhibit elevated CKB expres-
sion, contain mutations in the p53 alleles (5). Therefore,
elevated ASB9 may result in a good prognosis for CRC
through reduced CKB. The interaction of ASB9 with CKB
and the implied roles of ASB2 and ASB8 in other cancers
(17,18,20) indicate that ASB9 may also have a role in tumor
development or progression with CKB. However, no study
has been conducted previously regarding the role of ABS9 in
CRC.

Recently, the necessity of intensive follow-up and adjuvant
therapy for CRC was proposed for predicting recurrence and
metastasis in curative surgically resected cases (21-23). For
these cases, prognostic markers of tumor invasion and meta-
stasis play a very important role in cancer treatment. The
expression profile of ASB9 may contribute to a certain type
of prognostic factor.

Multivariate analysis indicated that inclusion in the high
expression group, tumor depth and lymph node invasion
were independent predictors of overall survival (Table II).
We investigated the malignant potentials in proliferation and
invasion assay (Fig. 5). The present in vitro study showed
that the down-regulation of ASB9 by siRNA increased cell
invasion in HCT116 and SW480 cells but was not related to
tumor growth in CaCo2 and SW480 cells. Tumor size was
not significantly different between the high and low ASB9
expression groups, supporting the data from the proliferation
assay. We also found that the down-regulation of ASB9
significantly induced cell invasiveness. The low expression
group had more T4 and M1 cases compared to the high
expression group. In addition, multivariate analysis showed
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Figure 5. Cellular proliferation and invasion after ASB9 knockdown by
siRNA. Top, no significant differences were measured in CaCo2 and SW480
between negative control (NC) and ASB9 siRNA-transfected cells. Bottom,
ASB9 siRNA-transfected cells exhibited significantly high penetration of
cells through the Matrigel-coated membrane compared to NC in HCT116
and SW480 cells. The data are presented as mean ± SD of three independent
experiments.
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that ASB9 mRNA expression is a significant prognostic
factor for overall survival. Thus, low ASB9 expression may
have higher malignant potential, such as cell invasiveness
and liver metastasis, than high expression, resulting in a
poor prognosis for CRC. However, an analysis of up-
regulated ASB9 expression and further in-depth studies are
needed to investigate the precise molecular mechanism
underlying the cause and effect between ASB9 and CRC. To
our knowledge, this is the first report showing the role of
ASB9 in cancer and its usefulness as a novel marker of CRC
prognosis, implying that it may contribute to prediction of
prognosis and to treatment.
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