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Purpose: The anaphase-promoting complex (APC) is a multiprotein complex with E3 ubiquitin ligase activity and is re-
quired for ubiquitination of securin and cyclin-B. Several APC-targeting molecules are reported to be oncogenes. Dysreg-
ulation of APC may be associated with tumorigenesis. This study examines the relationship between APC expression and 
clinicopathological factors and evaluates the possibility of an aberrant APC function in colorectal carcinomas (CRCs). 
Methods: To determine whether the loss of APC7 expression is related to tumorigenesis, we used tissue micro-arrays in 
114 resected CRCs to scrutinize the expressions of APC7 and Ki-67 immunohistochemistry and to find relations with 
clinocopathologic parameters. The expression of APC7 was defined as positive for summed scores of staining intensities 
from 0 to 3+.
Results: Forty-four cases (67.7%) of colon cancer and 38 cases (77.6%) of rectal cancer showed immunopositive reactions 
to APC. The grade of APC expression was not statistically correlated with tumor location, age, T or TNM stage, or differ-
entiation. However, the expression of APC did correlate with the expression of Ki-67 and to the tumor recurrent. Higher 
APC expression showed the better 5-year overall survival rate in 74% of grades 2, 3 groups (high expression) than 57% of 
grades 0, 1 groups (lower expression) respectively (P = 0.042). 
Conclusion: Positive APC expression may be a good prognostic factor for patients with CRC, and the loss of APC expres-
sion in tumor tissue may be related with the risk for recurrence and a poor survival rate compared to high APC expres-
sion. Further study of APC in controlling the cell cycle as aberrant function in CRC is needed.
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INTRODUCTION

The anaphase-promoting complex (APC) is an E3 ubiquitin ligase 
that controls mitotic progression [1, 2]. APC is a polymeric pro-
tein complex composed of at least 11 subunits and contains tet-
ratricopeptide repeat proteins (APC3, 5, 6, 7, and 8), a cullin ho-
molog (APC2), and a ring-H2 finger domain (APC11). APC re-
quires two WD40 repeat-containing coactivators, Cdc20 and 

Cdh1, to recruit and select various substrates at different stages of 
the cell cycle, and APC3 and APC7 were recently suggested to in-
teract with these APC activators [3]. Genetic alterations, typically 
associated with malignant cell phenotypes, affect genes involved 
in DNA repair and apoptosis, cell adhesion and invasion, angio-
genesis, and finally, cell proliferation and cell cycle control [4].

Chromosome instability is believed to contribute to malignant 
transformation because the majority of malignant human cancers 
exhibit chromosomal gain or loss [5] and because mitotic defects, 
including chromosome aberrations, are frequently found in ma-
lignant cancers [6-8]. Because of the roles played by APC in mi-
totic cell-cycle progression, the timely activation of APC is 
thought to be important for maintaining accurate chromosome 
separation. In addition, a report indicating that the mitotic spin-
dle checkpoint was reached by preventing APC activation [9]. It 
was also suggested that the dysregulation of APC may give rise to 
abnormal chromosome segregation, resulting in aneuploidy. 

Several APC-targeting molecules, such as securin, polo-like ki-
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nase, aurora kinase, and SnoN, have been reported to be onco-
genes. Dysregulation of APC may be associated with tumorigene-
sis, so one can hypothesize that the abnormal regulation of APC 
may be involved in malignant transformation through chromo-
some instability [10]. However, the clinical significance and the 
involvement of APC in tumorigenesis have not yet been investi-
gated. In a previous study, we investigated immunohistochemi-
cally the levels of APC7 in various cancer tissues and found weak 
APC7 expression in colorectal adenocarcinomas [11]. This study 
examines the relationship between APC expression and the clini-
copathological variables in an attempt to determine the role of the 
APC in colorectal cancer and to evaluate the possibility of an ab-
errant APC function in surgically-resected adenocarcinomas of 
the colorectum. Therefore, we investigated the expression of 
APC7 in 114 colorectal carcinomas and examined the relation-
ship between the expression of APC7 and the clinicopathologic 
parameters.

METHODS

We retrospectively studied patients (n = 114) who presented at 
the Department of Surgery, Yonsei University, Wonju Severance 
Christian Hospital from January 2000 to December 2002 for 
treatment of an adenocarcinoma of the colorectum. Curative sur-
gery, reviews of the pathology reports and clinical charts of the 
patients, age at surgery, gender, tumor location, Dukes stage, and 
differentiation were investigated in the short-term and the long-
term survivors. Tumors were graded according to the TNM clas-
sification. Each adenocarcinoma was staged according to the 
standards of the American Joint Committee on Cancer (7th edi-
tion AJCC, 2010). Histological diagnoses were established based 
on standard hematoxylin and eosin (H&E)-stained sections ac-
cording to the guidelines of the World Health Organization 
(WHO). The details on the distributions of clinicopathological 
factors in the study cohort are listed in Table 1.

Polyclonal antibodies against mouse APC7 were raised in New 
Zealand white (NZW) rabbits by immunization with recombi-
nant APC7 protein. Briefly, recombinant mouse APC7 proteins 
were produced in Escherichia coli by using a pET32 expression 
vector system (Novagen, Madison, WI, USA). The resulting 6× 
histidine-tagged APC7 proteins were purified by using Ni-NTA 
affinity chromatography (Qiagen, Hilden, Germany). A NZW 
rabbit was then immunized with the purified APC7 protein and 
boosted twice. Blood was collected from the auricular artery, and 
serum was prepared by clotting and differential centrifugal sepa-
ration (10,000 g for 10 minutes). APC7-specific antibodies were 
further purified by binding serum to APC7-coupled nitrocellu-
lose and eluting with 100 mmol/L glycine-HCl buffer (pH, 2.5). 

For the tissue micro-array (TMA) construction, the areas of the 
tumors were first identified on H&E-stained slides. The areas 
with hemorrhage, necrosis, and histological artifacts were ex-
cluded. The selected areas were sampled from the paraffin block 
by using 5-mm-sized tip punches and were re-embedded in a 
TMA mold with 20 cores per block (Quick Ray, Unitma, Seoul,  
Korea) (Fig. 1). Through the use of a microtome, TMA blocks 
were cut into 4-μm slices for immunohistochemical staining. An 
H&E stain was performed on each block of the tissue array to 
confirm the presence of cancer in the tissue cores. 

The immunohistochemical technique was used to detect Ki-67 
and APC (ChemMate Envision Kit; K5007, DAKO, Glostrup, 
Denmark). Paraffin-embedded tissue array sections of 4 µm in 
thickness were de-paraffinized with xylene and dehydrated grad-
ually with graded alcohol. For antigen retrieval, tissue sections 
were boiled in Tris ethylenediaminetetraacetic acid (EDTA) buf-
fer (pH, 9.0) 3 times at 100°C for 5 minutes in a microwave oven 
and then cooled for 20 minutes at room temperature. Soaking the 
sections in 3% hydrogen peroxidase for 5 minutes blocked endog-
enous peroxidase activity. After the slides had been washed in Tri 
Buffered Saline (TBS, S3001, DAKO) for 10 minutes, they were 
incubated with primary antibodies (1:50 dilution) overnight in a 

Table 1. Expression of APC7 in various human tissues  

Expression of APC7a 
Tissue type

Normal tissue Tumor tissue

Negative Adipocytes, brain, hepatocytes, skeletal muscle cells, spi-
nal cord

Lipoma, pleomorphic adenoma of salivary  gland, low grade urothelial carci-
noma, chondrosarcoma, adenoid cystic carcinoma, renal cell carcinoma, 
high grade ductal carcinoma of breast

Positive Basal cells of epidermis, bronchial epithelium, ductal cells 
of breast, ductal cells of pancreas, ductal cells of sali-
vary glands, endometrial glands, kidney epithelium, 
gastric mucosa, prostate glands and ducts, urothelial 
epithelium, fibroblasts, germinal center cells

Adenocarcinoma of colon, adenocarcinoma of endometrium, adenocarcinoma 
of pancreas, adenocarcinoma of prostate, adenocarcinoma of stomach, 
ductal carcinoma of pancreas, hepatocellular carcinoma, high grade uro-
thelial carcinoma, papillary serous carcinoma of ovary, squamous cell car-
cinoma of esophagus, squamous carcinoma of cervix, leiomyosarcoma of 
uterus, malignant lymphoma, melanoma, seminoma of testis

aImmunohistochemical data from tissue arrays (Tissue-Array Co., Seoul, Korea) stained with anti–anaphase-promoting complex (APC)7 antibodies. Tissue-array slides 
mounted with 50 normal or 50 tumor cores contained 17 normal or 22 tumor tissues, respectively, in triplicate or duplicate. Negative APC7 expression is represented by 
staining intensities of 0 or 1+ whereas positive expression is represented by staining intensities of 2+ or 3+, as designated in Fig. 2A. Average staining intensities of sev-
eral cores were used to determine tissue expression. Adapted from Park et al., Breast Cancer Res 2005;7:238-47 [11].
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wet incubation box. After the slides had been washed in TBS for 
10 minutes again, they were incubated with dextran coupled with 
peroxidase and secondary antibodies for 30 minutes in the wet 
incubation box. The slides were washed for 10 minutes again with 
TBS and then incubated with substrate chromogen solution for 
10 minutes. Lastly, the slides were washed with distilled water and 
were then briefly counterstained with hematoxylin and mounted. 

The monoclonal antibody of APC and rabbit anti-human Ki-67 
(DAKO) were used at 1:50 dilutions. We performed immunohis-
tochemical staining by using Cap-plus detection kits (Zymed 
Laboratories, South San Francisco, CA, USA). For antigen re-
trieval, Tris-EDTA buffer (pH, 8.0) for the retinoblastoma protein  
(pRb) and sodium citrate buffer (pH, 6.0) for Ki-67 were used. 
The staining procedure was similar to that with the ChemMate 
Envision detection kit. The grading of the immunohistochemical 
results was performed without the knowledge of the clinicopatho-
logic details. In order to evaluate the immunohistochemical stain-
ing for APC and Ki-67 antigen, we divided the staining results 
into four degrees from 0 to 3 points. For APC, every tumor was 

Fig. 1. Photomicrograph showing a slide of immunohistochemical 
staining of 4-μm-thick sections obtained from the tissue array block.

CC1997-2
APC

Fig. 2. Photomicrographs showing the immunohistochemical stains: (A) the nucleus of the tumor cell is negative for anaphase-promoting 
complex (APC) (×400), (B) APC expression was strong in the nucleus (×400), (C) the tumor cell is negative for Ki-67 (×400), and (D) Ki-67 
expression was strong in the nucleus (×400).
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given a score for the intensity of the nuclei staining (no staining, 0; 
low staining, 1; medium staining, 2; strong staining, 3). The Ki-67 
labeling index was defined as the percentage of positively stained 
cells in five high-power fields (×400). At least 1,000 cells per field 
were counted. The immunohistochemical scoring for Ki-67 anti-
gen was determined as follows: 3 points were assigned if the ratio 
of positively-stained nuclei was 50% or more, 2 points if the ratio 
was between 25% and 49%, 1 point if it was between 1 and 24%, 
and 0 point if it was negative (Fig. 2).

In the statistical analysis, P-values less than 0.05 were considered 
statistically significant. The life table method was used for recur-
rence, stage, and APC and Ki-67 expressions. A SPSS ver. 11.5 
(SPSS Inc., Chicago, IL, USA) Kaplan-Meier survival analysis was 
used to determine the correlation between the overall survival 
and grade of APC expression. 

RESULTS

To search for differentially expressed APC7 in normal and can-
cerous tissues, we performed immunohistochemical analyses 
with purified mouse APC7 antibodies by using tissue array slides 
containing 50 normal or 50 tumor tissue cores. We compared the 
APC7 expressions of the cores by assessing the averaged staining 
intensities (0 to 3+). Staining of ≥2+ was defined as positive ex-
pression and that of ≤1+ as negative expression. Table 1 lists the 
APC7 expressions of 17 normal and 22 tumor tissues with multi-
ple cores.  Positive staining was observed in rapidly growing, nor-
mal epithelial tissues [11]. In contrast, slow growing, but more 
differentiated, tissues, such as skeletal muscle tissue, adipocytes, 
spinal cord and brain tissues, and basal stromal tissues near epi-
thelial cells, exhibited no or weak immune reactivity to APC7. In 
addition, slowly growing tumors, such as chondrosarcomas, lipo-
mas, low-grade urothelial carcinomas, and renal cell carcinomas, 
tended to show weak reactivity to APC7 whereas most tumor tis-
sues with high proliferation rates were positive. Interestingly, 
some ductal carcinomas of the breast with an undifferentiated, 
high histologic grade exhibited weak reactivity to APC7.

To establish the relationship between the clinicopathologic pa-
rameters and APC7 expression, we analyzed 114 cases of colon 
cancer. Follow-up duration was more than 5 years. Eighty patients 
could be followed, and recurrence occurred in 32 patients. The 
clinicopathologic characteristics of the cases analyzed in this 
study are shown in Table 2. In all rectal cancers, carcinoma cells 
could be observed under a light microscope. We histologically 
classified the tumors according to the WHO classification and 
found 103 cases of adenocarcinomas (2 well-differentiated, 98 
moderately differentiated, 3 poorly differentiated), 10 mucinous 
adenocarcinomas, and 1 signet-ring cell carcinoma. The median 
age of the patients was 58.3 ± 13.1 years (range, 15–82 years). The 
tumor was located at the colon and the rectum in 65 (57.02%) 
and 49 cases (42.98%), respectively. Of the tumors, 0, 20, 88, and 6 
were categorized as T stages 1, 2, 3, and 4, respectively (Table 2).

The results of the immunohistochemical staining are summa-
rized in Table 2. In this study, known prognostic parameters in 
colon cancer, such as location, AJCC staging, T stage, tumor dif-
ferentiation, Ki-67 expression, and recurrence, were confirmed to 
have significant impacts on patient prognosis. APC expression 
was not associated with T stage or nodal stage or with the type of 
differentiation between the APC 0, 1 and the APC 2, 3 groups. 
However, the negative expression of APC is correlated with the 
expression of Ki-67 (Kappa = 0.11, P = 0.028) and is correlated 
with lower recurrent rates (P = 0.044) (Table 3). A comparison 
between the strength of APC expression and the prognosis 
showed that a high APC expression was not associated with a fa-
vorable oncologic outcome, although the prognostic factors 
showing favorable outcomes were inconsistent between studies 
(Fig. 3).

The relationship between APC expression and oncologic out-
comes has not been elucidated sufficiently. A comparison be-
tween the strength of APC expression and the 5-year overall sur-
vival rate in a Kaplan-Meier survival analyses for the APC 0, 1 
and 2, 3 groups, respectively, showed significantly different 5-year 

Table 2. Patients’ clinical and pathological characteristics of the 
whole sample and their associations between the 2 treatment sub-
groups 

Variable
No. of 
cases 

(% of total)

APC expression IHC grade

P-valueNegative Positive

0 1 2 3 All

Location 0.256

   Colon 65 (57.0) 21 (32.3) 16 15 13 44 (67.7)

   Rectum 49 (43.0) 11 (22.4) 13 12 13 38 (77.6)

T stage 0.139

   1 0 (0) 0 (0) - - - 0 (0)

   2 20 (17.5) 2 (10)  7  5  6 18 (90)

   3 88 (77.2) 29 (33) 19 20 20 59 (67.0)

   4 6 (5.3) 1 (16.7)  3  2  0 5 (83.3)

TNM stage 0.166

   1 13 (11.4) 1 (7.7)  4  2  6 12 (92.3)

   2 46 (40.4) 12 (26.1) 14 12  8 34 (73.9)

   3 46 (40.4) 16 (34.8)  9 10 11 30 (65.2)

   4 9 (7.9) 3 (33.3)  2  3  1 6 (66.7)

Differentiation 0.315

   Well 2 (1.8) 1 (50)  1  0  0 1 (50)

   Moderate 98 (86.0) 25 (25.5) 24 25 24 73 (74.5)

   Poor 3 (2.6) 2 (66.7)  1  0  0 1 (33.3)

   Mucinous 10 (8.8) 3 (36.4)  3  2  2 7 (63.6)

   Others 1 (0.9) 1 (100)  0  0  0 0 (0)

Values are presented as number of cases (%).
APC, anaphase-promoting complex; IHC, immunohistochemistry.
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overall survival rates (APC 0, 1 groups: 57% vs. APC 2, 3 groups: 
74%, P = 0.042) (Fig. 3). Although studies have investigated the 
survival of patients with a colorectal adenocarcinoma according 
to APC expression, data are insufficient to draw any conclusions.

DISCUSSION

Postoperative evaluation of the prognosis of patients with colorec-
tal cancer is very important. After surgery, several genetic factors, 
including p53, CD95, PINCH, Ki-67, thymidylate synthase, and 
high S-phase fraction, are studied [10, 12] in patients with 
colorectal cancer. However, whether or not the regulation of APC 
is abnormal in patients with colorectal cancer is unknown. Chro-
mosome instability through abnormal mitotic progression has 
been reported to play a critical role in tumor malignancy [13, 14]. 
Therefore, the dysregulation of APC activation, which probably 
perturbs mitotic progression, may affect malignant transforma-
tion or tumor progression. Moreover, the finding that APC is re-
quired for the G2 and the mitotic checkpoints suggests that ma-
lignant transformation can be caused by chromosome instability 
through the dysregulation of APC activation [15]. Recently, Wang 
et al. [16] reported a genetic alteration in APC6 and APC8 in hu-
man colon cancer cells and suggested their involvement in colon 
carcinogenesis. 

During mitosis, various APC molecules, such as ubiquitin ligase 
(E3), which is composed of tetratricopeptide repeat proteins 
(APC3, 5, 6, 7, and 8), cullin homolog (APC2), and ring-H2 fin-
ger domain (APC11), have been identified in yeast. Ubiquitin li-
gase (E3) is bound to the cdc20 and the cdh1 that regulate the cell 
cycle, and it promotes the transition from the metaphase to the 
anaphase [17]. Among them various molecules, APC7 in only the 
vertebral expressions of nondegradable securin mutants or the 
overexpressions of wild-type securin blocks sister chromatid sep-
aration [18], and, more importantly, the deletion of securin in 

budding yeast allows sister chromatid separation in the absence of 
APC participation. These results imply that APC’s essential role in 
initiating the anaphase must be the destruction of securin. Poly-
ubiquitin chains are added to securin by an E3 ubiquitin ligase 
known as anaphase-promoting complex or cyclosome. If separase 
is inhibited, chromatids cannot be separated; consequently, DNA 
aneuploidy occurs, which is associated with human cancer and 
with poor clinical 5-year outcomes in patients with colorectal 
cancers [19]. Thus, whether dysregulation of APC is related to 
clinical parameters in various human colorectal cancers has yet to 
be determined. Therefore, we decided to investigate the expres-
sion of APC7 in 114 colorectal cancers and to inquire into the re-

Fig. 3. Five-year overall survival rate from the Kaplan-Meier survival 
analysis according to the anaphase-promoting complex (APC) 0, 1 
groups (57%) and the APC 2, 3 groups (74%) (P = 0.042). (A) Rela-
tion between the strength of APC and the prognosis. (B) Picture 
showing that negative and the grade 1 could be made into a group 
and that grades 2 and 3 could grouped together as well, which allows 
the prognosis comparison to be carried out.
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Table 3. Correlation analysis of immunohistochemical expression of 
Ki-67 and APC (considering the totality of 114 patients) (P < 0.05) 

Variable
No. of 
cases 

(% of total)

APC expression IHC grade

P-valueNegative Positive

0 1 2 3 All

Ki-67 expression 0.028

   Grade 0 7 (6.1) 5 (71.4) 1 0 1 2 (28.6)

   Grade 1 35 (30.7) 8 (22.9) 12 9 6 27 (77.1)

   Grade 2 27 (23.7) 10 (37.0) 6 6 5 17 (63.0)

   Grade 3 45 (39.5) 9 (20.0) 10 12 14 36 (80.0)

Disease recurrence 0.044

   No 48 (42.1) 8 (16.7) 12 12 16 40 (83.3)

   Yes 32 (28.1) 9 (28.1) 10 7 6 23 (71.9)

Values are presented as number of cases (%).
APC, anaphase-promoting complex; IHC, immunohistochemistry.
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lationship between the expression of APC7 and the clinicopatho-
logic parameters.  

 According to this study, the degree of APC7 expression was not 
related to age, sex, or the tumor’s location. Also, the degree of dif-
ferentiation was not related to the type of tumor. The possibility 
of a colorectal carcinoma might be increased if APC is not ex-
pressed or if the amount of APC is decreased. In either case, the 
survival rate of the patients declines. The results of research efforts 
studying the relationship between the occurrence of a carcinoma 
of the large intestine and aneuploidy have been published for a 
long time, and as a result of such studies, DNA aneuploidy is now 
known to be associated with a poor clinical 5-year outcome in pa-
tients with colorectal cancer [19]. A decrease in the amount of 
APC may gradually lead to a carcinoma of the large intestine and 
may cause harm after recovery. An assessment of tumor cell pro-
liferation may predict tumor behavior, and the typical correlative 
protein that can be used in paraffin embedding as an immunohis-
tochemical staining agent is Ki-67. Ki-67 is a monoclonal anti-
body that plays an important, though not entirely characterized, 
role in cell proliferation. Ki-67 is a tumor proliferative index, 
which is expressed in the G1, S and G2-M phases, but not in the 
G0 phase. This protein is expressed in the nuclei of all proliferat-
ing cells, but is absent in resting cells [10]. The correlation be-
tween the expression of Ki-67 and prognosis has been found in a 
number of cancer studies. It is a unicell group antibody as the core 
part of the cell cycle coming from a Hodgkin lymphoma, and it is 
expressed during all phases of cell division except the stationary 
phase [1]. Statistically, the lower the index of Ki-67 is, the more 
the expression of APC increases, which suggests an inverse rela-
tion between Ki-67 and APC. This research focused on the APC 
protein and later on the investigation of whether reverse tran-
scription-polymerase chain reaction, real-time polymerase chain 
reaction, enzyme-linked immunosorbent assay, Western blotting, 
flow-cytometric analyses revealed significant information about 
the prognosis. 

The current study has some limitations. First, it was not a ran-
domized controlled study; thus, the results could have been af-
fected by potential selection bias. Second, the sample size (114 pa-
tients) was not estimated because tumor tissues were retrospec-
tively recruited, so a sample-size estimate could not be performed. 
Finally, the sample size was relatively small. In conclusion, a posi-
tive APC expression level was found to be associated with lower 
recurrence and better overall survival. Thus, further study of 
APC’s role in controlling alterations in the cell cycle and its asso-
ciation with the invasiveness and the proliferation of tumor cells 
is needed. 
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