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Abstract
The 9-bp deletion of CCCCCTCTA at position 8272 in region V of mitochondrial DNA is one of the mitochondrial
DNA microsatellite instability (mtMSI) sites that associated with cancers. In the present study, we investigated the
association of 8272 deletion with the cancer risk and outcome for colorectal cancer (CRC). By the log-rank analysis, the
8272 CCCCCTCTA/del was identified as a prognostic marker for outcome of colorectal cancer patients with the deleted
ones associated with shorter postoperative survival. After adjusted with Cox Hazard model, this MSI was associated
independently with CRC outcome (relative risk, 2.038; 95%CI, 1.20-3.707; p = 0.020). The analysis of mtMSI can help to
identify patient subgroups that are at high risk for poor disease outcomes.
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Introduction
Colorectal cancer (CRC) is the third most common
cancer type amounted for about 7 hundred thousand
deaths each year, which makes it the fourth leading cause
of cancer-related mortality in both sexes worldwide. The
evidence that the disease is significantly increasing in most
developing countries heralds an even more remarkable
disease burden in the near future [1]. Although the
metastasis status, the expression of oncogene or tumor
suppressor gene, and the microsatellite instability (MSI)
analysis have been identified as prognostic markers in
colorectal cancer patients [2,3], but the mechanism of
CRC development is unclear yet.
Mitochondrial DNA (mtDNA) is believed to be more
susceptible to DNA damage and acquires mutations at a
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higher rate than nuclear DNA due to high levels of reactive
oxygen species (ROS), a lack of protective histones and a
limited capacity for DNA repair in the mitochondria [4,5].
Microsatellites are simple tandem repeats of short DNA
motifs that are present at millions of loci in the human
genome. Microsatellite instability (MSI) refers to DNA
slippage events on microsatellites that occur frequently
in cancer genomes particularly in CRC genomes [6,7].
Recently, MSIs in mitochondrial genome have been
reported in a variety of cancers including colon cancer,
sporadic cancer and lung cancer [8-10]. Moreover,
mtMSIs have been selected for predicting cancer risk and
outcome of CRC [11,12]. As one of mtMSI site, the 9-bp
deletion at position 8272 in region V of mitochondrial
DNA was identified as risk and outcome predictor for
hepatocellular carcinoma and renal cancer [13,14]. In the
present study, we evaluate the predictive value of this
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MSI site on cancer risk and outcome for CRC cancer.

Results

Materials and Methods

Clinical characteristics of CRC patients

Tissue specimens and DNA extraction

A total of 130 CRC patients were enrolled in this study.
A review was conducted every six months over a five-year
period. The clinical characteristics of the CRC patients are
listed in table 1. We assessed the distribution frequency
between CRC patients and control, but no statistically
significant differences were found.

Blood samples were obtained from 130 CRC patients
who received colorectal cancer resection at the
Department of Surgery in the Fourth Hospital of Hebei
Medical University between 2005 and 2008. Blood
samples were also collected from 79 healthy controls.
Total DNA was extracted using a Wizard Genomic DNA
Extraction Kit (Promega, Madison, WI, USA) and stored
at -20°C. The study was approved by the Human Tissue
Research Committee of the Fourth Hospital of Hebei
Medical University. All patients provided written informed
consent for the collection of samples and subsequent
analysis.

PCR amplification and sequence analysis of
8272MSI
The forward primer 5’-ACCACTTTCACCGCTACACG-3’
and reverse prime 5’-TTTAGTTGGGGCATTTCACTG-3’ were
used to amplify DNA fragments flanking the 8272 MSI site
(http://www.mitomap.org). Polymerase chain reactions
(PCRs) were performed according to the PCR Master Mix
Kit (Promega) protocol and purified prior to sequencing.
The PCR condition consisted of an incubation for 2 min
at 95°C; followed by 35 cycles of denaturation for 30 s
at 95°C, annealing for 30 s at 55°C, and extension for 45
s at 72°C; and a final extension for 5 min at 72°C. Cycle
sequencing was performed with the Dye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Biosystem,
Foster City, CA, USA) to detect the deletion, and the
products were then separated on an ABIPRISM Genetic
Analyzer 3100 (Applied Biosystem). MSI sequences were
confirmed by repeated analyses from both strands.

Statistical analysis
The χ2 test was used to analyze dichotomous values,
such as the presence or absence of the 9bp deletion in
CRC patients and healthy controls. The survival curve was
calculated using the Kapla-Meier method and compared
using the log-rank test. Multivariate survival analysis
was performed using the Cox proportional hazards
model. All statistical analyses were performed using
SPSS17.0 software (SPSS Company, Chicago, IL, USA). For
all statistical tests, p < 0.05 was considered significantly
different.
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We analyzed the association between patients’ clinical
characteristics and postoperative survival time for CRC
patients by log-rank test using the Kaplan-Meier method.
The TNM stage, metastasis status and preoperative
chemotheraphy were identified for their association with
5 years survival rate.

Table 1: Univariate analysis of clinical characteristics
associated with postoperative survival in CRC patients.
Characteristics

No.
5 years P value
cases survival
rate (%)

Gender
Male
Female

0.39
78
52

53.8
59.6

Age (years)
≤60
>60

0.754
64
66

57.8
54.5

Tumor size (diameter)
≤5cm
>5cm

0.806
60
70

56.7
55.7

Lymph node metastasis
N0
N1
N2

0.002
81
36
13

66.7
41.7
30.8

60
7
60
3

55
87.5
54.2
33.3

Subsite
Right colon
Middle colon
Left colon
Rectum
TNM stages
Ⅰ+Ⅱ
Ⅲ+Ⅳ

0.361

0.000
66
64

78.8
32.8

Postoperative chemotherapy

0.026

Yes
No

7
123

28.6
57.7

Widetype
9-bp deletion

109
21

61.5
28.6

0.003
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The association of 8272 MSI with CRC survival
The 8272 CCCCCTCTA/del was genotyped in CRC
patients, and their association with postoparative was
calculated by log-rank test with Klpan-Meier method.
As shown in figure 1, the CRC patient’s caring 9-bp
deletion genotype display shorter postoperative survival.
After adjusted with the Cox hazard model by the
multivariate analysis, the 8272 MSI site was identified as
an independent predictor for CRC survival (relative risk,
2.038; 95%CI, 1.20-3.707; p = 0.020), as shown in table 2.

Table 2: Multivariate analysis of prognostic factors associated with postoperaive survival in CRC patients with
COX proportional hazards model.
Factors

OR

95%CI

P value

9-bp deletion

2.038

1.120~3.707

0.02

Lymph node
metastasis

0.789

0.459~1.358

0.393

TNM stages

5.547

2.522~12.200

0.001

Postoperative
chemotherapy

2.161

0.857~5.449

0.103

our knowledge, this is the first report that 8272 MSI is
associated with the CRC outcome.
Mitochondrial DNA variation may affect the efficiency
of the mitochondrial electron transport chain to generate
excessive ROS, which contribute to the development
of cancers [15,16]. 8272 CCCCCTCTA/del is located in
the intergenic mtDNA region V where hsa-miR-519c-5p
binding, the deletion of 8272CCCCCTCTA destroys the
binding affinity between hsa-miR-519c-5p and mtDNA
thereby to alter downstream and/or upstream genes
expression. The crucial component of the respiratory chain
including ATP synthase 8 (MT-ATP8), ATP synthase 6 (MTATP6), cytochrome oxidase Ⅲ (MT-CO3), and cytochrome
b (MT-CYB) are all located downstream of 8272 site. The
abnormal expression of these genes can alter the status
of oxidative phosphorylation and oxidative stress so as to
influence outcome of cancer [17,18].

Conclusion
In conclusion, an mtDNA MSI at 8272 site was found to
be an independent prognostic marker for CRC outcomes.
The analysis of mtMSIs can help to identify patient
subgroups with poor prognoses and may, accordingly,
help to refine therapeutic decisions in patients with CRC
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