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Abstract
Background and aims: Colorectal carcinoma is the 

second leading cause of death by cancer in Europe as its 
incidence increases with life span. Continuing research 
to detect new highly sensitive and specific noninvasive 
biomarkers is essential. The aim of this study was to 
compare 9 mismatching repair (MMR) genes activation 
levels in normal, polyp and malignant tissues in order to 
detect a MMR gene expression pattern in sporadic colorectal 
malignant pathology. Methods: MMR mRNA levels were 
evaluated in tumor - normal tissue paired samples and polyps 
collected from 29 patients undergoing standard surgical 
procedures with curative intention. Real-Time quantitative 
Reverse Transcription PCR (qRT PCR) with TaqMan probes 
specific to ANKRD17, EXO1, MLH1, MLH3, MSH2, 
MSH3, MSH4, MSH5, MSH6 gene transcripts were used. 
Results: The general tendency observed was a lower mRNA 
level of MMR genes in tumor samples compared with the 
normal tissue, with the exception of EXO1 gene. The number 
of patients that showed a higher expression of MMR genes 
in normal tissue was significantly greater than the number 
of patients that showed a higher expression inside the 
tumor (p=0.0024). ANKRD17 mRNA levels were higher in 
normal tissue than in tumor for 16 cases, by contrast with 
only 6 cases of higher mRNA levels in tumor. Conclusions: 
ANKRD17 mRNA appears to be the most sensitive target 
and may have a potential value as an additional marker for 
the existing multitarget assay panel for colorectal cancer 
detection.
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Introduction
Colorectal cancer (CRC) is the third most common 

cancer in men and the second most common cancer in women 
in Europe, as well as the second cause of death from cancer 
in both men and women [1]. Colorectal cancer development 
is a multistep progression from aberrant crypt proliferation or 
hyperplasia to benign adenoma, then in situ carcinoma and 
finally to metastatic carcinoma [2]. Classically, there are two 
types of CRC, sporadic and familial (hereditary) cases, with 
a percentage of familial CRC of 20–25% [3]. The etiology 
of CRC is multifactorial, involving hereditary causes, 
environmental factors, and somatogenetic changes occuring 
during tumor progression [4]. Inherited susceptibility is 
responsible for about 30% of CRCs [5]. 

One of the genetic pathways involved in colorectal 
carcinogenesis is deficient mismatch repairing (MMR) 
[6]. The DNA MMR system is a highly conserved 
biological pathway that corrects errors generated during 
DNA replication. Deficient MMR was associated with 
both hereditary (Hereditary Non-Polyposis Colorectal 
Cancer or Lynch Syndrome) [7] and sporadic [8, 9] cases 
of CRC. The MMR system is best known for maintaining 
overall stability of the genetic material [10], deficient cells 
exhibiting a mutator phenotype with a high mutation rate 
of microsatellites [11]. The primary function of the MMR 
system is to eliminate base–base mismatches and insertion–
deletion loops which arise during DNA replication. MMR 
defects are produced by germline mutations in any of the 
genes: mutL homolog 1 (MLH1), mutS homolog 2 (MSH2), 
MSH6, postmeiotic segregation increased 1 (PMS1), PMS2, 
MSH3 and MLH3; and somatic inactivation of this genes, 
MLH1 inactivation being most frequently caused by promoter 
hypermethylation [12,13]. Inactivation of the MMR system 
leads to accumulation of mutations, particularly in highly 
repeated sequences, such as microsatellites, distributed 
throughout the genome, thus leading to MSI (microsatellite 
instability) [14,15]. Initially linked to susceptibility of 
hereditary HNPCC/Lynch syndrome, MSI has also been 
detected in many sporadic colon tumors [7-9]. Unlike the 
colorectal pattern generated by tumor suppressor gene 
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deficiency, MMR gene defects lead to a unique model of 
colorectal tumorigenesis characterized by intratumoral 
heterogeneity [16]. 

Impaired MMR gene function arising from germline 
or somatic mutations exhibits an altered gene and protein 
expression pattern. The aim of our study was to compare the 
expression pattern of 9 MMR genes (ANKRD17, EXO1, 
MLH1, MLH3, MSH2, MSH3, MSH4, MSH5, MSH6) in 
normal, premalignant (adenomatous polyps) and malignant 
lesions in patients diagnosed with sporadic colorectal 
carcinoma. 

Material and methods
Patients
In order to analyze MMR gene expression in sporadic 

colorectal carcinoma, 29 patients undergoing standard 
surgical procedures with curative intention in the Department 
of General Surgery, Emergency Hospital, Craiova, 
were studied. None of the patients had received either 
chemotherapy or radiation therapy prior to sample collection. 
The informed consent for genetic studies was obtained from 
all patients included in this study. The age of the patients was 
between 41 and 80, with a mean of 66.8±9.7. Both tumoral 
and normal (surgical resection margin) tissue were collected 
from 28 patients. All samples were pathologically examined 
and the diagnosis of adenocarcinoma was confirmed in 
27 cases. Polyp samples were harvested from 3 of the 29 
patients. 

Sample specimens and RNA extraction
All the samples were collected and stored in RNAlater 

(Ambion) at 4°C for 12-24 hours, then kept at -80°C. Total 
RNA was isolated and purified using SV Total RNA Isolation 
System (Promega). The overall quality of the extracted RNA 
was assessed by electrophoresis on denaturing agarose gel. 
The RNA measurements were performed with the Eppendorf 
Biophotometer.

Quantitative PCR
The extracted total RNA was reverse-transcribed into 

single-stranded cDNA using High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, Foster City, CA). 
Real-time PCR was performed using first-strand cDNA 
with TaqMan® Gene Expression Master Mix (Applied 
Biosystems). In order to normalize the cDNA samples 
prior to quantitative real-time PCR all of them were 
spectrophotometrically measured then diluted to the same 
cDNA amount (80ng). The assay numbers for the endogenous 
control (GAPDH) and target genes were as follows: GAPDH 
(Hs99999905_m1), EXO1 (Hs00243513_m1), ANKRD17 
(Hs00323749_m1), MLH1 (Hs00179866_m1), MLH3 
(Hs00271778_m1), MSH2 (Hs00953523_m1), MSH3 
(Hs00989003_m1), MSH4 (Hs00172489_m1), MSH5 
(Hs00159268_m1), MSH6 (Hs00264721_m1). Quantitative 
PCR was performed on a Rotor-Gene 6200 HRM (Corbett). 
The qPCR cycling parameters were as follows: 50°C for a 
2-minute hold, 95°C for 10 minutes, followed by 50 cycles 
of PCR at 95°C for 15 seconds, and 60°C for 1 minute. All 

reactions were carried out in triplicate in a 20-µl reaction 
volume. The results were generated using the Rotor- Gene 
software version 1.7. Differences in mRNA expression 
levels between the paired-set samples of normal tissue (N), 
polyp (P) and tumor (T) were calculated as fold changes 
and normalized to the expression of the housekeeping gene 
GAPDH. The differences were considered relevant when 
detected mRNA levels varied more than 100% (2 folds).

Statistics
For comparing the samples Kolmogorov-Smirnov 

normality test, Fisher’s test for variances, Bartlett’s test for 
homogeneity of multi-variances, ANOVA test and Student’s 
t test for paired means were used. Pearson correlation factors 
were calculated. Hierarchical cluster analysis was performed 
using Genex pro 4.4.2.308© software.	

Results
To investigate the mRNA variation for the 9 targeted 

MMR genes, we profiled gene expression in a set of 27 tumor 
- normal tissue paired samples. For 3 of the 29 patients, we 
also compared the mRNA levels detected in the tumor and 
in the normal tissue with the mRNA levels in polyps. Two-
fold and higher increase or decrease of gene expression was 
considered significant. Regarding gene expression levels 
the following notations will be used throughout the text: 
T - when higher expression levels were found in tumor, 
N – higher mRNA levels in normal tissue, I - irrelevant 
differences between normal and tumor tissues.

The general tendency observed was a lower mRNA 
level of MMR genes in tumor samples as compared with 
the normal tissue, with the exception of EXO1 gene (Table 
I, Fig. 1). Using the Kolmogorov-Smirnov normality test 
we showed that the T (p=0.16), N (p=0.33) and I (p=0.66) 
series did not differ significantly from normal distributions. 
Fisher’s test for variances showed that there were no 
significant differences between the variances for the three 
samples, paired 2 by 2 (T vs. N: p=0.338, T vs. I: p=0.053, 
N. vs. I: p=0.11). Bartlett’s test for homogeneity of multi-
variances returned a p value of 0.268, indicating that there 
was no significant difference between the variances of the 
three series overall. 

The ANOVA test was used to compare the mean 
number of patients within the three series and we obtained 
p= 3.74x10-5, indicating a highly significant statistical 
difference between the means (T: 12.11±2.14, N: 8±2.5, I: 
6.89±1.35).

The number of patients that evidenced a higher 
expression of MMR genes in normal tissue (12.11±2.14) 
was significantly greater than the number of patients that 
evidenced a higher expression inside the tumor (8±2.5) 
(p=0.0024).

ANKRD17 mRNA levels were higher in normal tissue 
than in tumor for 16 cases (Fig. 2), by contrast with 6 cases 
of higher mRNA levels in tumor (Table I). For the studied 
paired samples mRNA levels for EXO1 gene showed a 
tendency to increase in tumor tissue by comparison with 
normal tissue (Fig. 3).
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Aggregation patterns of the 9 MMR genes were identified 
by hierarchical clustering algorithm generated by using 
Genex pro 4.4.2.308© (Fig. 4). The high correlation between 
the EXO1 gene expression in normal tissue and in tumor, 
depicted in resulting cluster, was also supported by the 
Pearson coefficient (r=0.63, p<0.05). 

The cluster pointed out a greater aggregation of the 
genes ANKRD17, MSH3, MLH1, MSH5 in malignant 
tissue, aggregation also depicted in Table II. In normal 
tissue samples a greater aggregation was found for the genes 
ANKRD17 and MSH6 (Pearson coefficient r=0.96, p<0.05) 
(Table III).

The ultimate use of gene expression analysis is finding 
possible patterns for different medical conditions with 
the aim to apply these in clinical practice. Based on the 

tendencies suggested by the hierarchical cluster and Pearson 
correlations we searched for expression patterns in two sets 
of genes: ANKRD17, MSH6 (Table III) and ANKRD17, 
MSH3, MLH1, MSH5 (Table IV). 

For the available polyp samples a higher expression of 8 

Table I. Expression pattern for each of the 9 MMR genes in 27 patients

Expression level EXO1 ANKRD17 MLH1 MLH3 MSH2 MSH3 MSH4 MSH5 MSH6

Higher in tumor 
(T)

13

(48.15%)

6

(22.22%)

7

(25.92%)

7

(25.92%)

7

(25.92%)

8

(29.63%)

5

(18.52%)

11

(40.74%)

8

(29.63%)

Higher in normal 
tissue (N)

8

(29.63%)

16

(59.26%)

12

(44.44%)

13

(48.15%)

13

(48.15%)

11

(40.74%)

13

(48.15%)

11

(40.74%)

12

(44.44%)

Irrelevant 
difference (I)

6

(22.22%)

5

(18.52%)

8

(29.63%)

7

(25.92%)

7

(25.92%)

8

(29.63%)

9

(33.33%)

5

(18.52%)

7

(25.92%)

T  - tumor, N – Normal, I -  irrelevant

Fig 1. Expression pattern for the 9 MMR evaluated genes.

Fig 2. ANKRD17 comparative expression in tumor and normal 
tissue.

Fig 3. EXO1 comparative expression in tumor and normal tissue.

Fig 4. Hierarchical cluster.
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out of the 9 MMR studied genes was observed, in comparison 
with tumoral and normal tissue.

Discussion
The gene expression pattern obtained from the 

quantitative analysis of the mRNA by using quantitative 
real time polymerase chain reaction (qPCR) indicates the 
tendency of MMR genes to have higher expression in the 
resection margin when compared with the tumor, except 
for EXO1 and MSH5. Several patterns of the MMR gene 
activations were observed from the comparative analysis of 
mRNA levels in tumor tissue, normal tissue and adenomatous 
polyp. 

ANKRD17 gene expression is lower in tumors compared 
to the normal tissue (p<0.05). Deng et al demonstrated the 
role of ANKRD17 as an important effector of the cyclin 

E/Cdk2 that regulates the G1-S transition. According to 
Deng et al, overexpression of ANKRD17 promotes S phase 
entry, whereas depletion of ANKRD17 expression by small 
interfering RNA (siRNA) inhibits DNA replication and 
blocks cell cycle progression. Our results are in accordance 
with the few existing data emphasizing the role of ANKRD17 
gene product in the mismatching repair system [17]. Cells 
in the normal tissue express higher ANKRD17 than tumor 
cells in most patients, favoring the onset of replication 
process and cell cycle progression. ANKRD17 gene product 
involvement in the MMR pathway was demonstrated by the 
decreased loading of PCNA onto chromatin in the absence 
of ANKRD17 [17]. As depicted in the hierarchical cluster, 
ANKRD17 appears to be strongly correlated with MSH3, 
MLH1, MSH5 in tumors and with MSH6 in normal tissue 
samples. Based on the mRNA-ANKRD17 levels from the 
studied paired samples, the following hypothesis can be 
stated: ANKRD17 down-expression in malignant tissue 
leads to decreased loading of PCNA onto chromatin, further 
to decreased loading of DNA polymerase δ and inefficient 
MMR system. This hypothesis is in accordance with some 
studies [18,19]. Of the analyzed genes, ANKRD17 mRNA 
appears to be the most sensitive target and may have a 
potential value as an additional marker for the existing 
multitarget assay panel for CRC detection.

EXO1 catalyses the 5′→3′ degradation of the error-
containing strand such that the mismatch is removed in a 
single step [20]. Loading and activation of EXO1 results in 
the nucleotide sequence excision of the region containing 
the mismatch, possibly through several iterative EXO1-
loading events. Recruitment of EXO1 at the strand is very 
inefficient in the presence of low concentrations of MSH2-
MSH6 (MutSα) heterodimers and leads to a decreased 
activity [19].

Of the paired samples in this study, the mRNA levels 
for EXO1 gene tend to be increased in tumor tissue when 
compared to normal tissue. The increased EXO1 expression 
in tumors might be a compensatory mechanism for the 
decreased activity of EXO1 protein as a consequence of 
MutSα deficiency (decreased expression of both MutSα 
proteins).

The over-expression of 8 out of the 9 MMR studied 
genes observed in the three polyps is in accordance with 
the hypothesis that over-expression of MMR genes is a 
marker of neoplastic proliferation [21]. MMR genes over-
expression in polyps compared to malignant and normal 
tissues may be a marker of incipient neoplastic proliferation 
[22]. Subsequently, the lesion progresses to carcinoma as a 
consequence of inefficient mismatch repair mechanisms due 
to decreased MMR genes’ activation.
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Table II. Colorectal adenocarcinoma tissue. �����������������������  Pearson correlation at 
level of significance of 95% with r = 0.396

Gene ANKRD17 MLH1 MSH3 MSH5

ANKRD17 - - - -

MLH1 0.86 - - -

MSH3 0.93 0.74 - -

MSH5 0.91 0.80 0.85 -

Table III. Expression pattern for ANKRD17 and MSH6 in studied patients. 
Note that 11 of our subjects had a pattern with higher mRNA levels in 
normal tissue (N) for both genes, whereas 5 of them demonstrated  the 
reverse pattern with a higher expression in tumor tissue (T).

Pattern incidence ANKRD17 MSH6
11 N N

5 T T
3 T I

4 I N
4 Other patterns

Table IV. Expression pattern for ANKRD17, MSH3, MLH1, MSH5 
in studied patients. Note that 10 of our subjects had a pattern with 
higher mRNA levels in normal tissue (N) for all four genes, whereas 5 
of them displayed the reverse pattern with a higher expression in tumor 
(T) tissue.
Pattern incidence ANKRD17 MLH1 MSH3 MSH5

10 N N N N

5 T T T T

3 I T T T

3 N I I T

6 Other patterns
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