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Background: A kinase-interacting protein 1 (AKIP1) has been reported to play an important role 

in the development and progression of cancer. However, the clinicopathological and biological 

roles of AKIP1 in colorectal cancer (CRC) remain largely unknown. The aim of this study was 

to investigate AKIP1 protein expression in CRC and determine the correlation between AKIP1 

protein expression and clinicopathological features, as well as prognosis in CRC patients.

Materials and methods: AKIP1 protein expression was determined by immunohistochemical 

analysis using tissue microarrays of CRC. We also used an siRNA approach to knock down AKIP1 

expression and determine the effect of AKIP1 on CRC cell migration by transwell analysis.

Results: AKIP1 expression in CRC tissue was significantly higher compared with that of non-

cancerous colorectal mucosa (P,0.001). Further analysis showed that AKIP1 expression was 

significantly associated with tumor diameter, TNM stage, and lymph node metastasis (P,0.05). 

Kaplan–Meier survival analysis demonstrated that patients with a positive AKIP1 expression 

had significantly poorer overall survival rates when compared with those with negative AKIP1 

expression (P=0.031). Multivariate analysis using the Cox proportional hazard model, how-

ever, revealed that AKIP1 expression was not a significant independent prognostic factor for 

CRC. Transwell assay showed that the migration potential of si-AKIP1-transfected cells was 

significantly reduced when compared with control cells.

Conclusion: Elevated AKIP1 expression may contribute to metastasis and progression of 

CRC. Moreover, high AKIP1 expression in CRC significantly correlated with a patient’s shorter 

survival time. Therefore, AKIP1 may be a useful prognostic marker for CRC and a promising 

novel target for the treatment of CRC.
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Background
Colorectal cancer (CRC) is the third most common type of cancer and the second major 

cause of cancer-related deaths in the world.1 In recent reports, accumulated evidence 

has shown that CRC is a heterogeneous disease, and its molecular characteristics 

determine the response to treatment and, therefore, prognosis.2 The dysregulation of 

oncogenes or tumor suppressor genes results in changes in the biological characteristics 

of cancer cells, including cell growth, apoptosis, migration, invasion, and metabolism.3,4 

Therefore, identifying novel biomarkers that could be applicable to the diagnosis and 

treatment of CRC patients is of utmost importance.

A kinase-interacting protein 1 (AKIP1), a 23 kDa protein, was originally identified in 

breast and prostate cancer cell lines by mRNA screens.5 Several reports have indicated that 

AKIP1 is localized in the cytoplasm, nucleus, and mitochondria,6 and acts as an adaptor or 
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structural intracellular protein.7 The biochemical and biological 

roles of AKIP1 are not well defined. However, previous studies 

have revealed that AKIP1 acts as a potential factor that controls 

stress adaptation in the heart of mice, and that overexpression 

of AKIP1 in the heart protected against ischemia/reperfusion 

and improved cardiac function.8 In contrast, in recent studies, 

it was demonstrated that AKIP1 acts as an oncogene, and 

induced tumorigenesis and invasiveness in breast cancer, in 

particular, by playing a critical role in the upregulation of PKA 

and NF-κB signaling.9 It has been demonstrated that enhanced 

expression or increased activity of AKIP1 is associated with 

the development of human esophageal squamous cell carci-

noma (ESCC), angiogenesis, and lymphangiogenesis, which 

indicated that AKIP1 may play a crucial oncogenic role in 

ESCC progression.10 Treatment results and CRC prognosis 

have been challenging because of liver metastasis, which has 

attracted increased attention. Previous studies have shown that 

an epithelial–mesenchymal transition (EMT) in CRC cells 

increases migration and invasion abilities.11 Guo et al found 

that AKIP1 promoted EMT via transactivating ZEB1 in non-

small-cell lung cancer.12 Therefore, it is of significant interest 

to investigate the biological roles of AKIP1 in CRC.

In this study, we investigated AKIP1 protein expression 

and its correlation with clinicopathological features and clini-

cal outcomes in patients with CRC. We envisage that our find-

ings will provide useful information on prognosis and form a 

molecular basis for targeted therapies in patients with CRC.

Materials and methods
Patients and tissue samples
Tissue microarrays (TMAs) with 251 paraffin specimens 

of CRC were purchased from Shanghai Biochip Co., Ltd. 

(Shanghai, China), and were used for evaluation of AKIP1 

expression by immunohistochemical analysis. The age of 

patients at the time of surgery ranged from 28 to 85 years 

(median age =66 years). TNM staging analysis following the 

American Joint Committee on Cancer standards identified 143 

patients with stage I+II CRC and 108 patients with stage III 

and IV CRC. In a total of 101 patients, lymph node metastasis 

was observed. All patients were followed for over 5 years, and 

survival time was calculated from the date of surgery to the 

deadline for follow-up, or to the date of death. This study was 

approved by the ethics committee of the First Affiliated Hos-

pital, Zhejiang University School of Medicine. All patients 

signed the written informed consent for this study.

immunohistochemical analysis
TMA sections were deparaffinized using xylene followed 

by rehydration in graded alcohol. Antigen retrieval was 

performed by autoclaving the sections in citrate buffer 

(pH 6.0) for 3 minutes after which they were returned to 

room temperature and washed with PBS. Peroxidase activity 

was blocked by incubating the sections with 3% (v/v) H
2
O

2
 

for 10 minutes at room temperature. To prevent nonspecific 

binding, the sections were incubated with 10% (v/v) normal 

goat serum for 15 minutes at room temperature and incu-

bated overnight at 4°C with a rabbit polyclonal anti-AKIP1 

antibody (1:100; antibodies-online, Aachen, Germany). After 

rinsing with PBS, the sections were incubated with a second-

ary antibody for 20 minutes at room temperature. The sections 

were then incubated with 3,3-diaminobenzidine. Finally, the 

sections were counterstained with hematoxylin, dehydrated, 

and mounted. As a negative control, the sections were incu-

bated in PBS, and the primary antibody was omitted.

immunohistochemistry scoring system
Sections were evaluated by counting the number of cells per 

field and were scored independently by two expert patholo-

gists who were not aware of the clinicopathological char-

acteristics of the CRC patients. If a score was inconsistent, 

the pathologists discussed and repeated the scoring to obtain 

an agreeable final score. The scores were grouped accord-

ing to the intensity and extent of staining. The degree of 

positivity was based on the proportion of positively stained 

tumor cells: 0, no negative cells; 1, ,10% positive cells; 

2, 10%–50% positive cells; and 3, .50% positive cells. The 

intensity of staining was scored as follows: 0, negative cells; 

1, weak staining; 2, moderate staining; and 3, strong staining. 

Consequently, the final immunohistochemical staining score 

was multiplied by staining intensity (0, 1, 2, 3, 4, 6, or 9). For 

statistical analyses, scores of 0–3 were designated negative, 

whereas scores of 4–9 were considered positive.

cell culture
CRC cell lines SW480, HT-29, and HCT116 (Cell Bank 

of Chinese Academy of Sciences, Shanghai, China) were 

maintained in DMEM (Thermo Fisher Scientific, Waltham, 

MA, USA), supplemented with 10% FBS (HyClone, Logan, 

UT, USA), and incubated with 5% CO
2
 at 37°C.

Western blot analysis
Cell lysates from CRC cells were collected, and protein 

concentration was determined using the bicinchoninic acid 

protein assay kit (Thermo Fisher Scientific, Waltham, MA, 

USA). Proteins were separated by electrophoresis using an 

SDS-PAGE gel. Then, proteins were electro-transferred to 

a polyvinylidene difluoride membrane (Millipore, Bedford, 

MA, USA). After blocking with 5% skimmed milk for 

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6797

aKiP1 expression in colorectal cancer

30 minutes, the membrane was incubated with an anti-AKIP1 

antibody for 2 hours at room temperature. After washing, 

the membrane was incubated with horseradish peroxidase-

conjugated secondary antibodies. Finally, proteins were visu-

alized using an enhanced chemiluminescence kit according 

to the manufacturer’s instructions.

sirna transfection
siRNAs targeting AKIP1 and control siRNA were designed 

by Thermo Fisher Scientific. Cells were transfected with 

siRNA (final concentration was 100 nM) using Lipo-

fectamine 3000 reagent (Thermo Fisher Scientific) as per 

the manufacturer’s instructions and harvested 48 hours after 

transfection.

rna extraction and real-time Pcr
Total RNA of cells was extracted using Trizol reagent 

(Thermo Fisher Scientific) according to the manufacturer’s 

instructions. A SuperScriptH III First-Strand Synthesis System 

(Thermo Fisher Scientific) was used to synthesize cDNA. The 

primer sequences of AKIP1 were as follows: F, 5′-GAAGG

ATCCGTCGACATGGAATACTGCCTGGCGGC-3′; R, 5′-
GAACTCGAGTCATACGGGGAACACCAAGTCCAC-3′. 
GAPDH served as an internal control. The primer sequences of 

GAPDH were as follows: F, 5′-GAGTCAACGGATTTGGTCGT-3′; 
R, 5′-TTGATTTTGGAGGGATCTCG-3′. Reactions were 

performed in triplicate in three separate experiments. The 

relative gene expression was calculated using a comparative 

ΔCt method.

cell migration assay
For migration assays, cells were grown in Corning Transwell 

insert chambers. Briefly, cells in serum-free medium were 

seeded into the upper chamber. Medium containing 10% 

FBS was placed into the lower chamber, and this served as 

a chemoattractant. After incubation for 24 hours at 37°C, 

the non-migrated cells attached to the upper surface of the 

membrane were softly wiped by a cotton swab, whereas the 

cells that migrated through the membrane were washed and 

incubated with 0.1% crystal violet for 20 minutes at room 

temperature. Migrated cells in three random fields were 

counted at ×200 magnification.

statistical analysis
Statistical analyses were performed using SPSS version 

13.0 software (SPSS, Chicago, IL, USA) Chi-square tests 

(Pearson as appropriate) or Fisher’s exact probabilities were 

used to evaluate the correlation between AKIP1 expression 

and the baseline clinical characteristics of patients with CRC. 

Kaplan–Meier survival curve was generated by plotting 

patient survival probability and was analyzed by the log-rank 

test. A Cox regression model was used for the analysis of 

independent prognostic risk factors. Paired t-test was used 

to analyze the effect of AKIP1 siRNA on CRC cell lines. 

Statistical tests were two-sided, and P,0.05 was considered 

statistically significant.

Results
expression of aKiP1 in crc and 
noncancerous colorectal mucosa
Immunohistochemical analysis was confined to the cytoplasm 

of cells. Typical diffuse cytoplasmic staining of the AKIP1 

protein is shown in Figure 1. Evaluation of the staining by two 

independent pathologists indicated that 15 cases of CRC were 

discordant, and the kappa value was 0.928. This suggested 

that the interobserver reproducibility of the evaluation was 

sufficient. Expression of the AKIP1 protein was detected in 

55.4% (139/251) of CRC-derived tissue and in 4.8% (12/251) 

of noncancerous colorectal mucosa. Moreover, the AKIP1 

expression in CRC-derived tissue was significantly higher 

compared with that in noncancerous colorectal mucosa 

(P,0.001).

relationship between aKiP1 level and 
clinicopathological features of crc
In this study, the association between AKIP1 protein 

expression and the clinicopathological features was evalu-

ated. As summarized in Table 1, AKIP1 expression 

was significantly associated with TNM stage and lymph 

node metastasis. CRC patients with a high TNM stage 

(stages III+IV) showed significantly higher expression 

of AKIP1 compared with those with a low TNM stage 

(stages I+II) (Table 1). The Spearman correlation coefficient 

of AKIP1 expression with TNM stage and lymph node 

metastasis was 0.294 and 0.279 (P,0.05), respectively. No 

significant association was observed between AKIP1 expres-

sion and gender, age, differentiation, distant metastasis, and 

liver metastasis.

correlation of aKiP1 expression with 
overall survival
The 3- and 5-year cumulative survival rates were 63.6% and 

54.5% for patients with positive AKIP1 expression, and were 

66.6% and 63.4% for those with negative AKIP1 expression. 

The mean survival time for patients with positive expression 

of AKIP1 was 59.03±2.94 months, and for those with nega-

tive expression of AKIP1, 65.05±3.16 months.
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Kaplan–Meier survival analysis and log-rank test dem-

onstrated that patients with positive expression of AKIP1 

in their tumors had a significantly poorer overall chance of 

survival when compared with those in whom the tumor did 

not express AKIP1 (P=0.031, log-rank test; Figure 2).

Multivariate analysis of prognosis using 
cox proportional hazard model
The results of univariate analysis showed that differentia-

tion (P=0.024), TNM stage (P,0.001), distant metastasis 

(P,0.001), liver metastasis (P,0.001), and AKIP1 expres-

sion (P=0.031) were significantly associated with the overall 

survival rate in patients with CRC (Table 2). Thus, these 

data indicated that AKIP1 may be a promising prognostic 

factor for CRC.

Figure 1 representative immunohistochemical staining of aKiP1 in noncancerous colorectal mucosa and crc tissues.
Notes: (A) aKiP1 expression was low in noncancerous colorectal mucosa (×200 magnification). (B) Part of (A) observed at a higher magnification (×400). (C) aKiP1 
expression was high in crc tissues (×200 magnification). (D) Part of (C) observed at a higher magnification (×400).
Abbreviation: crc, colorectal cancer.

Table 1 relationship between aKiP1 expression and clinico-
pathological features of colorectal cancer

Clinical 
parameters

Total AKIP1 expression

Negative Positive χ2 P-value

Gender 1.031 0.310
Male 112 66 (47.5%) 73 (52.5%)
Female 139 46 (41.1%) 66 (58.9%)
Age (years) 0.716 0.398
,60 63 31 (49.2%) 32 (50.8%)
$60 188 81 (43.1%) 107 (56.9%)
Differentiation 2.363 0.307
high 50 27 (54.0%) 23 (46.0%)
Moderate 151 65 (43.0%) 86 (57.0%)
Poor 50 20 (40.0%) 30 (60.0%)
TNM stage 21.765 ,0.001
i+ii 143 82 (57.3%) 61 (42.7%)
iii+iV 108 30 (27.8%) 78 (72.2%)
Distant metastasis 0.481 0.735
no 242 109 (45.0%) 133 (55.0%)
Yes 9 3 (33.3%) 6 (66.7%)
Liver metastasis 0.317 0.695
negative 245 110 (44.9%) 135 (55.1%)
Positive 6 2 (33.3%) 4 (66.7%)

Figure 2 Kaplan–Meier survival curves of patients with crc according to aKiP1 
expression. The curves show that patients with high aKiP1 expression had poorer 
overall survival compared with those with low aKiP1 expression (P=0.031).
Abbreviation: crc, colorectal cancer.
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To evaluate whether AKIP1 expression could provide 

prognostic information independent of clinical variables, 

multivariable Cox proportional hazard analysis was per-

formed for all variables examined in the univariate analysis 

(Table 3). We determined that TNM stage (HR =3.237; 

95% CI 1.155–9.074; P=0.025), liver metastasis (HR =5.448; 

95% CI 1.019–29.110; P=0.047), and differentiation 

(HR =1.396; 95% CI 1.014–1.922; P=0.041) were signifi-

cantly independent prognostic factors for survival in CRC, 

whereas AKIP1 expression was not (P=0.314).

Downregulation of aKiP1 inhibits the 
migration of crc cells
In this study, we determined AKIP1 protein levels in CRC 

cell lines and showed that CRC cells expressed high levels 

of AKIP1 (Figure 3A). To evaluate the impact of AKIP1 

expression on the migration abilities of CRC cells, the expres-

sion of AKIP1 was knocked down using a specific siRNA in 

SW480 CRC cells, which showed a relatively high expression 

of AKIP1. Silencing of AKIP1 expression was verified by 

quantitative reverse transcription PCR (P=0.001; Figure 3B). 

The migration potential of si-AKIP1-transfected cells was 

significantly reduced compared with the respective control 

cells (P=0.008; Figure 3C and D).

Discussion
AKIP1 was cloned from a subtractive hybridization library 

that was derived from matched breast tumor and normal 

breast cell mRNA.5,6 In recent years, the role of AKIP1 in 

carcinogenesis and tumor development has become a hot 

topic. AKIP1 was reported to modulate NF-κB and PKA 

activities,6,13 which resulted in the induction of apoptosis and 

the reduction of tumor progression.5,14–16 In contrast, several 

studies revealed that AKIP1 stimulated neovascularization 

and tumor growth. For example, Lin et al10 demonstrated 

that Nkx2-8 repressed NF-κB activity by restraining 

nuclear localization of NF-κB p65 via downregulation of 

AKIP1 in ESCC cells. In their study, they also showed that 

overexpression of AKIP1 induced ESCC angiogenesis and 

lymphangiogenesis. Furthermore, previous studies have 

Table 3 Multivariate analysis using cox regression model to 
analyze the correlation between clinicopathological parameters 
and prognosis in colorectal cancer patients

Parameters Coefficient HR 95% CI for HR P-value

Distant metastasis -0.134 0.875 0.196–3.898 0.860
TnM stage 1.175 3.237 1.155–9.074 0.025
liver metastasis 1.695 5.448 1.019–29.110 0.047
Differentiation 0.333 1.396 1.014–1.922 0.041
aKiP1 expression 0.216 1.242 0.814–1.893 0.314

Table 2 Univariate analysis of the correlation between clinicopathological parameters and survival of patients with colorectal cancer

Clinicopathological 
parameters

Cumulative survival rates (%) Mean 
survival time 
(months) ± SE

χ2 (log-rank test) P-value

3-year 5-year

Gender 0.874 0.350
Male 71.0 59.7 58.07±2.94
Female 65.4 53.3 61.73±3.17
Age (years) 1.305 0.253
,60 73.3 63.2 64.16±4.26
$60 67.8 53.9 58.62±2.52
Differentiation 7.500 0.024
high 77.8 67.2 67.71±4.30
Moderate 69.2 56.9 60.48±2.66
Poor 50.0 43.1 48.43±5.43
TNM stage 16.598 ,0.001
i+ii 79.1 66.3 68.08±2.54
iii+iV 53.4 43.1 49.47±3.49
Distant metastasis 15.758 ,0.001
no 71.2 57.7 61.28±2.18
Yes 12.5 12.5 22.63±8.84
Liver metastasis 27.756 ,0.001
no 83.6 57.4 61.04±2.17
Yes 0.0 0.0 11.00±2.78
AKIP1 expression 4.677 0.031
negative 66.6 63.4 65.05±3.16
Positive 63.6 54.5 59.03±2.94
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Figure 3 suppression of aKiP1 inhibited migration of sW480 crc cells.
Notes: (A) aKiP1 protein level in crc cells. (B) aKiP1 mrna level was downregulated by sirna-aKiP1. (C and D) Downregulated expression of aKiP1 suppressed the 
migration ability of crc cells.
Abbreviation: crc, colorectal cancer.

demonstrated that high AKIP1 levels could transcription-

ally upregulate VEGF-C by interaction of AKIP1 with its 

promoter through cooperation with multiple transcriptional 

factors.10 This apparent discrepancy suggested that the role 

of AKIP1 may vary in different cell types and clinical situ-

ations, or that in a normal physiological setting, the protein 

may exhibit feedback regulatory properties to modulate 

cell signaling. Overexpressed AKIP1, which can activate 

NF-κB, was highly observed in breast and prostate cancers,5 

suggesting that upregulation of AKIP1 may contribute to 

the development and progression of cancer. However, the 

clinical significance and biological role of AKIP1 in cancer 

progression remain unclear.

In this study, we evaluated the expression of AKIP1 and 

its prognostic implications in CRC patients. When compared 

with adjacent noncancerous colorectal mucosa, the expres-

sion of AKIP1 was upregulated in CRC tissue, and elevated 

AKIP1 expression was significantly associated with the 

TNM stage, thereby suggesting that AKIP1 overexpression 

may contribute to the progression of CRC. In a previous 

study, the oncogenic role of AKIP1 in tumor development 

was demonstrated.10,17 Leung and Ngan showed that AKIP1 

was a protein partner of TAp73, and the two cooperated with 

each other to sensitize the response of cervical cancer cells 

to radiotherapy.15 Moreover, transwell assays indicated that 

the migration potential of si-AKIP1-transfected cells was 

significantly reduced. Thus, our data are consistent with the 

findings published in previous reports, which suggested that 

AKIP1 may play a critical role in CRC cell proliferation 

and migration.
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Mo et al17 revealed that AKIP1 overexpression signifi-

cantly correlated with poor overall survival and recurrence-

free survival in breast cancer patients. In a study by Lin et al, 

it was demonstrated that AKIP1 expression significantly cor-

related with ESCC progression and a shorter survival time in 

patients.10 In our present study, we performed Kaplan–Meier 

survival analysis to demonstrate that patients with negative 

AKIP1 expression had a significantly better overall survival 

compared with those with positive AKIP1 expression. How-

ever, multivariable Cox proportional hazard analysis revealed 

that AKIP1 expression was not an independent prognostic 

factor for survival in CRC patients. Thus, these results indi-

cated that AKIP1 may represent a prospective prognostic 

indicator of CRC. Because of the limitations of the scoring 

method and sample collection, additional analysis is required 

to verify the role of AKIP1, as well as its mechanisms under-

lying tumorigenesis and progression of CRC.

Conclusion
In this study, we demonstrated that elevated expression of 

AKIP1 may contribute to metastasis and progression of CRC, 

findings heightened by the positive correlation between high 

levels of AKIP1 expression and a shorter survival time in 

CRC patients. Therefore, AKIP1 may be a promising prog-

nostic marker for CRC and a novel target in the treatment 

of this disease.
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