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Abstract
AIM: To detect the expression of huCdc7 in colorectal 
cancer.

METHODS: The mRNA and protein expression of 
huCdc7 in 39 colorectal cancer tissue specimens and 
matched tumor-adjacent normal colorectal tissue speci-
mens was detected by reverse transcription-polymerase 
chain reaction and immunohistochemistry, respectively. 

RESULTS: The relative expression level of huCdc7 
mRNA in colorectal cancer was significantly higher 
than that in tumor-adjacent normal colorectal tis-
sues (0.03675 ± 1.00 vs  0.01199 ± 0.44, P  < 0.05). 
huCdc7-positive cells displayed brown granules in the 
nucleus. Tumor tissues contained many huCdc7-posi-
tive cells, whereas normal colorectal tissues contained 
very few positive cells.

CONCLUSION: huCdc7 may play an important role in 
the development and progression of colorectal cancer.

© 2013 Baishideng. All rights reserved.
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Core tip: huCdc7 is ubiquitously expressed in human 
tissues and can regulate DNA replication initiation. Ab-
normal expression or excessive activation of huCdc7 
can promote excessive cell proliferation and cause tu-
morigenesis. Colorectal cancer is a common digestive 
tract tumor with a gradually increasing incidence. We 
found that huCdc7 may play an important role in the 
development and progression of colorectal cancer.
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INTRODUCTION
huCdc7 is ubiquitously expressed in human tissues and 
can regulate DNA replication initiation. Abnormal ex-
pression or excessive activation of  huCdc7 can promote 
excessive cell proliferation and cause tumorigenesis. 
Colorectal cancer is a common digestive tract tumor 
with a gradually increasing incidence. This study aimed 
to detect the expression of  huCdc7 in colorectal cancer 
to provide a basis for the diagnosis and treatment of  this 
malignancy.

MATERIALS AND METHODS
Specimen collection
Tissue specimens were collected from 39 patients with 
colorectal cancer who were surgically treated at our hos-
pital. Colorectal cancer tissue specimens and matched 
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tumor-adjacent normal colorectal tissue specimens (5 cm 
away from tumor tissue) were placed in liquid nitrogen 
immediately after surgical specimens were removed. The 
final diagnosis of  colorectal cancer and tumor-adjacent 
normal colorectal tissues was made pathologically.

Main reagents
M-MLV reverse transcriptase (Promega, United States), 
Taq DNA polymerase (Takara, Japan), and dNTPs (Ta-
kara, Japan) were obtained commercially. The primers 
for the amplification of  a 525-bp CDC7 gene fragment 
were: forward, 5’-GCT CAG CAG GAA AGG TGT 
TC-3’ and reverse, 5’-AGT TTG ATT GGG GCA CTT 
TG-3’. The primers for amplification of  a 420-bp glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) gene 
fragment were: forward, 5’-GTC AGT GGT GGA CCT 
GAC CT- 3’ and reverse, 5’-AGG GGT CTA CAT GGC 
AAC TG-3’.

Reverse transcription-polymerase chain reaction
Preparation of  total RNA: Total RNA was extracted 
using TRIzol reagent (GIBCO/BRL, United States). All 
centrifuge tubes, plastic and glasswares and water used 
for RNA extraction were treated to create an RNAse-free 
environment. A homogenizer was baked at 200 ℃ for 
4 h to remove RNAse and then cooled. Tissue samples 
were frozen in liquid nitrogen, pulverized into powder, 
and placed in the homogenizer containing TRIzol re-
agent. After homogenization for several minutes, the 
homogenized sample was transferred to an RNAse-free 
centrifuge tube. Following the addition of  chloroform, 
the tube was centrifuged at 4 ℃. The upper aqueous 
phase was transferred to an RNAse-free centrifuge tube, 
and isopropanol was added to precipitate the RNA. The 
tube was centrifuged at 4 ℃, and the pellet was washed 
twice with 75% ethanol and dissolved in RNAse-free de-
ionized water. The purity of  extracted RNA was assessed 
by measuring the A260/A280 ratio (1.7-2.0) using an 
ultraviolet spectrophotometer. 3-morpholinopropanesul-
fonic acid-formaldehyde denaturing agarose gel electro-
phoresis was performed to check if  the extracted RNA 
was degraded. To remove the contamination of  genomic 
DNA, RNA sample was treated with RNAse-free DNA 
enzyme Ⅰ (Ambion, United States).

cDNA synthesis: Two micrograms of  total RNA were 
mixed with 1 µL of  random primers (50 pmol/L, 1 µL) 
and 15 µL of  diethylpyrocarbonate-treated water, placed 
at 70 ℃ for 3 min and then immediately placed on ice 
for 5 min. The following components were then added: 
5 µL of  5 × buffer, 1 µL of  10 mmol/L dNTP, 1 µL of  
M-MLV reverse transcriptase (200 U/µL), and 0.75 µL 
of  RNAse inhibitor (40 U/µL, TaKaRa). The mixture 
was incubated at 42 ℃ for 2 h.

Semiquantitative reverse transcription-polymerase 
chain reaction: The huCdc7 gene was amplified using 
cDNA as the template. GAPDH was used as a control. 

Polymerase chain reaction (PCR) conditions were as fol-
lows: denaturation at 94 ℃ for 3 min; 35 cycles (25 cycles 
for GAPDH) of  denaturation at 94 ℃ for 30 s, annealing 
at 58.5 ℃ for 30 s, and extension at 72 ℃ for 40 s; and 
a final extension at 72 ℃ for 5 min. PCR products were 
resolved by 2% agarose gel electrophoresis. Band densi-
ties were analyzed using the FR-980 bio-electrophoresis 
image analysis system. 

Real-time PCR: The CFX96 real-time PCR detection 
system (BIO-RAD, United States) was used to detect 
the expression of  genes of  interest in tumor tissues and 
matched tumor-adjacent normal tissues. PCR reaction 
was performed in a 20-µL system consisting of  10 µL of  
SYBR Premix EX Taq, 0.4 µL of  each primer (10 µm), 2 
µL of  DNA, and 7.2 µL of  ddH2O. GAPDH was used 
as an internal control. The experiment was repeated three 
times to ensure the reliability of  the results. The expression 
level of  the huCdc7 gene was calculated using the following 
formulas: Cdc7 ∆Ct = mean Cdc7Ct - mean GAPDHCt, 
and Cdc7 ∆∆Ct = Cdc7 ∆Ct cancer tissue - Cdc7 ∆Ct tu-
mor-adjacent tissue. Relative expression level of  the huCdc7 
gene was calculated using the 2-Cdc7 ∆∆Ct method. 

Immunohistochemsitry
Streptavidin-peroxidase immunohistochemical staining 
was performed using a commercial kit according to the 
manufacturer’s instructions.

Statistical analysis
Statistical analysis were performed using SPSS 10.0 soft-
ware. Means between two groups were compared using 
the t test. P values < 0.05 were considered statistically 
significant.

RESULTS
huCdc7 mRNA expression
The relative expression levels of  huCdc7 mRNA in 
colorectal cancer and tumor-adjacent normal colorectal 
tissues were 0.03675 ± 1.00 and 0.01199 ± 0.44, respec-
tively. Statistical analysis indicated that the expression level 
of  huCdc7 mRNA was significantly higher in colorectal 
cancer than in tumor-adjacent normal colorectal tissues (P 
< 0.05) (Figure 1).

huCdc7 protein expression
huCdc7-positive cells displayed brown granules in the 
nucleus. Tumor tissues contained many huCdc7-positive 
cells, whereas normal colorectal tissues contained very 
few positive cells (Figure 2).

DISCUSSION
Cdc7 is a serine/threonine kinase, and huCdc7 is ex-
pressed in all human tissues[1]. By forming complex with 
other molecules in the nucleus, huCdc7 can phosphory-
late and activate chromosome-binding minichromosome 
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maintenance complex (MCM) proteins. The MCM fam-
ily has multiple members, including MCM2, MCM4 and 
MCM6. huCdc7 has the strongest ability to phosphorylate 
MCM2[2]. On one hand, MCMs function as helicase, a 
component of  cell cycle initiation complex[3]. On the 
other hand, MCMs can act as important regulatory factors 
for S phase checkpoints to control cell cycle progression.

It is still unclear how huCdc7 mediates these pro-
cesses. The expression of  huCdc7 is tightly controlled by 
some factors and auxiliary proteins in normal cell cycle 
and maintained in a dynamic equilibrium state. In tumor 
cells, huCdc7 is abnormally expressed and excessively 
activated due to cell cycle disturbances. Hess et al[4] found 
that huCdc7 was overexpressed in tumor cells and exces-
sive expression of  huCdc7 promoted excessive MCM2 
activation and abnormal proliferation of  tumor cells. In 
addition, they found that huCdc7 was overexpressed in 
metastatic tumor cells, suggesting that tumor metastasis 
may be closely related to abnormal high huCdc7 expres-
sion. A previous study has revealed that CDC7 kinase is 
a predictor of  survival and a novel therapeutic target in 
epithelial ovarian carcinoma[5]. Similar findings have also 
been reported in some studies on lymphoma[6].

In this study, we utilized semi-quantitative reverse 
transcription-PCR and immunohistochemistry to de-
termine the expression of  huCdc7 in colorectal cancer 
and tumor-adjacent normal colorectal tissues. We found 
that huCdc7 mRNA expression was significantly higher 
in colorectal cancer than in normal colorectal tissues. 
huCdc7 is a conservative serine/threonine kinase that is 
indispensable for DNA replication initiation. Abnormal 
high expression of  huCdc7 will promote DNA replica-
tion, cause abnormal cell proliferation, and thereby lead 
to the occurrence of  tumors.

To investigate the relationship between huCdc7 and 
tumor development and progression, Montagnoli et al[7] 

used the siRNA interference technology to suppress high 
huCdc7 expression in tumor cells. They found that the 
phosphorylation levels of  MCM2 activation sites were 
greatly decreased, DNA replication initiation in tumor 
cells was restrained, and tumor cell growth slowed down. 
In addition, some researchers believe that high huCdc7 
expression in tumor cells is related to p53 inactivation[8].

A study on ovarian cancer revealed that CDC7 kinase 
can predict survival and serve as a target for cancer treat-
ment. Kim et al[9] found that siRNA-mediated inhibition 

of  huCdc7 reduced the phosphorylation level of  the 
N-terminus of  MCM4. As a result, Cdc 45 could not be 
positioned to the chromosome and replication initiation 
complex could not form. This inhibited, to a certain ex-
tent, tumor cell proliferation. Thus, inhibition of  huCdc7 
activity can effectively inhibit tumor cell growth and 
promote tumor cell apoptosis, without damage to normal 
cells. A recent study has identified PHA-767491 as an 
inhibitor of  huCdc7[10], which may be used to down-reg-
ulate abnormal huCdc7 expression to inhibit abnormal 
DNA replication and cell cycle progression in tumors.

Small molecule compounds that can interfere with 
the activity of  CDC7 have been developed and proved to 
be effective in inhibiting tumor growth in animal models. 
Unprecedented attention has been paid to the inhibition 
of  CDC7 kinase activity for suppressing DNA replica-
tion in tumor cells and inducing tumor cell apoptosis. 
Further elucidation of  the role of  huCdc7 in colorectal 
cancer may improve the treatment of  this malignancy.
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Figure 1  Semiquantitative reverse transcription-polymerase chain reac-
tion determination of huCdc7 and glyceraldehyde-3-phosphate dehydro-
genase mRNA expression in colorectal cancer (1, 3, 5, 7, 9 and 11) and 
tumor-adjacent normal colorectal tissues (2, 4, 6, 8, 10 and 12). GAPDH: 
Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 2  Immunohistochemical staining of huCdc7 in normal colorectal 
tissues (A) and colorectal cancer (B) (magnification, × 100).
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