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Abstract 

Gastric cancer is one of the most common lethal malignancy in global and survival mainly depends on 
prognosis. Sister Chromatid Exchanges (SCEs) assay is a very sensitive method of detecting chromosome 
fragility. The aim of our study was to determine the chromosomal fragility of gastric cancer patients in vitro. 
Samples from 32 gastric cancer patients and 12 healthy donors were controlled. Cancer patients lymphocytes’ 
genome is highly fragile as treatment of the cell cultures with MMC caused a statistically significant increase of 
the mean SCEs frequency (p<0.01). Also, so simultaneous as MMC-induced SCEs frequency of gastric cancer 
patients was statistically significant (p<0.01) higher compared to the healthy donors. PRI and MI of treated with 
MMC and untreated lymphocytes of gastric cancer patients were significantly (p<0.01) lower than that of 
healthy donors. These results suggest that peripheral lymphocyte chromosomes of cancer patients are highly 
fragile and alkyliotic agents increase their fragility. 
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1. Introduction 

Gastric cancer is the third most common malignancy worldwide and the second most common cause of cancer 
related mortality (Parkin et al., 2001). The prognosis of patients at the advanced stage is very low. Gastric cancer 
as all other types of cancer is the result of multiple genetic abnormalities accumulated during the process of 
carcinogenesis. The molecular mechanism of multi-step carcinogenesis is poorly understood (Vogelstein and 
Kinzler, 2004; Yasui et al., 2001). It has been shown that the development of gastric cancer is a multi-step 
process starting from chronic gastritis passing to atrophy, intestinal mataplasia, dysplasia and finally to invasive 
cancer (Pasechnikov et al., 2004; Testino, 2004). Many genes polymorphisms have been proposed to be 
implicated in gastric cancer, such as TLR gene cluster of Toll-like receptor, Igk gene and p53 (Hu et al., 2008; 
Etokebe et al., 2009; Ke-Xiang et al., 2012).  

Mitomycin C (MMC) is an antibiotic with anti-tumor applications in combination with other antineoplastic drugs 
(Beijnen et al., 1986) and it is considered as an original alkylating agent (Sartorelli, 1986). MMC acts on the 
DNA and increases SCEs, induced in specific chromosomal regions, as it has been reported that MMC increases 
SCEs mainly at fragile chromosome domains (Wenger, 1995). MMC has been extensively used in chromosomal 
fragility studies in order to investigate if some conditions, such as diseases and various physical, chemical and 
biological agents affect its mutagenic efficiency (Latt et al., 1975; Ohtsuru et al., 1980; Duydu et al., 2006; 
Digkas et al., 2010a). The existence of sister chromatid exchanges (SCEs) connects to DNA replication, and their 
analysis is an excellent tool for the quantitative and qualitative evaluation of the DNA damage caused by 
physical, chemical or biological mutagenic agents (Lialiaris et al., 1987; Lialiaris et al., 2010; Digkas et al., 
2010b). 

SCEs are symmetric exchanges between portions of apparently homologous sister chromatids and are formed 
through DNA breakage and subsequent reunion. The method of Sister Chromatid Exchanges (SCEs) has been 
proposed as a very sensitive, simple and rapid method for detecting DNA damage induced by mutagens and/or 
carcinogens and antimutagenic agents and/or subsequent DNA repair, while its application is very useful for 



www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 1, No. 1; 2012 

149 
 

monitoring and improving chemotherapeutic efficiency in vitro and in vivo. SCEs are considered as a more 
sensitive method than chromosome aberrations since induced DNA damage can be demonstrated by the 
formation of SCEs even at low concentrations of genotoxic agent (Lialiaris et al., 1989; Lialiaris et al., 1990; 
Papachristou et al., 2006; Lialiaris et al., 2008). They are present in all humans but in low frequencies (Aristei et 
al., 2009). High frequencies of SCEs are formed in patients suffering from several cancer types (Dhillon et al., 
1995; Dhillon et al., 1996; Dhillon and Dhillon, 1998; Dhar et al., 1996; Cortes-Gutierrez et al., 2000; Cefle et 
al., 2006; Aristei et al., 2009; Baka et al., 2009). Smoke, age and other genotoxic agents cause high frequencies 
in SCEs to humans (Sarto et al., 1985; Sarto et al., 1987).  

The aim of our study was to determine the chromosomal fragility, by counting SCEs frequency in peripheral 
lymphocytes of gastric cancer patients. 

2. Materials and Methods 

2.1 Chemicals 

Mitomycin C (CAS No. 50-07-7) was obtained from Kyowa, Heparin (CAS No. 9005-49-6) from Seromed, 
Chromosome Medium B from Biochrom AG (CAS No. 23491-52-3), 5-Bromo-2’-deoxyuridine (BrdU, CAS 
No. 59-14-3) from Sigma and Bis-benzimide (Hoechst) from Applichem, Colcemid (CAS No. 477-30-5) from 
Seromed. All of the chemicals were dissolved in bidistilled sterile water and lower concentrations needed were 
prepared by serial dilutions just before treatment. Other chemicals used in the SCEs assay were of the best grade 
commercially available. 

2.2 Clinical Data 

At the beginning of our study, we had 32 patients with mean age 65 years (55-76) suffering from gastric cancer, 
none of them was having medication or other treatment. All of them were going to have surgery for the gastric 
cancer. Also 12 healthy persons with mean age 60 years old, who did not take any medication and did not 
smoke, were used as negative control. Peripheral blood was obtained from patients and healthy donors and 
cultured in order to study the effect of gastric cancer on peripheral lymphocytes DNA by using the SCEs 
technique. 

2.3 In vitro Sister Chromatid Exchange Analysis 

Lymphocyte cultures, for SCEs assay, from our patients were prepared by adding 11 drops of heparinized whole 
blood, 4 μg/ml BrdU and 2% phytohaematogglutin (PHA) in 5 ml chromosome medium B. From the peripheral 
blood of each donor there were made two lymphocyte cultures one used as control and one were MMC was 
added in concentration of 15 ng/ml in order to check the fragility of the chromosomes. The cultures were 
incubated at 37°C for 72 hours in dark to minimize photolysis of BrdU and metaphases were blocked during the 
last two hours with colcemid. Further processing included hypotonic treatment, with 0.075 KCl solution, for 25 
minutes, which spreads and hemolyzes the red blood cells, centrifugion, fixation for three times with 
methanol:acetic acid (3:1 v/v) slide preparation and a slightly changed Fluorescence Plus Giemsa (FPG) staining 
technique for the detection of SCEs (Figure1) (Goto et al., 1978). 
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Figure 1. A second division of a human lymphocyte metaphase in presence of MMC, where all chromosomes 
have in total one light and one dark stained chromatid. SCEs can be counted only in these metaphases. Black 
arrows show single SCEs. 

 

2.4 Statistical Analysis 

To achieve a proper comparison between the different lymphocyte treatments, 20 well spread second division 
metaphases from each culture were blindly scored and logarithmic transformations of SCEs was performed using 
the one-way analysis of variance and the Duncan’s test for the pairwise comparisons. Evaluation of MIs and 
PRIs was based on the χ2-test. Bivariance correlations between SCEs and MIs or SCEs and PRIs were also 
calculated (Lialiaris et al., 2009; Karapidaki et al., 2009). 

3. Results 

SCEs frequency, PRI and MI values of lymphocyte cultures from gastric cancer patients immediately after the 
diagnosis and before any treatment are illustrated in Table 1, whereas the values of the same indices for 
lymphocyte metaphases derived from healthy donors and used as controls are illustrated in Table 2. Values in 
baseline of each column are the mean values for each in vitro treatment of chromosome preparations derived 
from the two groups examined, the gastric cancer patients and the healthy donors. Each value of SCEs in Tables 
1 and 2 is the mean value of at least 20 metaphases in the second mitotic division. Also each PRI value in the 
two tables is the mean value of at least 200 metaphases whereas each MI value is the mean value of at least 2000 
mesophasic nuclei.  

As shown in Table 1 the levels of SCEs in chromosomes of gastric cancer patients are quite high with a mean 
value of 6.691 SCEs per metaphase. When MMC was added in lymphocyte cultures SCEs were increased 
significantly (p<0.01) and reached a mean value of 16.056 SCEs per metaphase showing that the antibiotic’s 
genotoxic action affects chromosomes fragility significantly as shown by the increased values of SCEs index. 
The mean PRI value of lymphocytes derived from gastic cancer patients is 2.301. After MMC treatment the PRI 
value of lymphocyte cultures derived from gastric cancer patients significantly (p<0.05) decreased, comparing to 
that of “control” cultures, to 1.742. As shown in Table 1 the MI value for cultured lymphocytes of gastric cancer 
patients is 40.2 and it was statistically significant (p<0.01) decreased to 22.3when MMC was added. 
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The SCEs, PRIs and MIs were counted for lymphocytes of healthy individuals and are shown in Table 2. The 
mean value of the SCEs frequency of lymphocytes of “control” cultures is 3.385 SCEs per cell, which is 
significantly (p<0.01) lower than that of lymphocytes treated with MMC (15 ng/ml) which was calculated 8.647 
SCEs/cell. PRI mean value of lymphocytes of “control” cultures is 2.474 and slightly and not statistically 
significant (p<0.01) lower than that, 2.512, of cultures where MMC was added. The mean MI value of 
lymphocytes obtained from healthy donors is 51.1, whereas the value of the same index for lymphocytes from 
the same donors and treated with MMC is 48.2. Mean MI value of chromosomes of the “control” cultures is not 
statistically significant (p>0.05) higher than that of chromosomes of cultures treated with MMC. 

 
Table 1. SCEs frequencies, PRI and MI of peripheral lymphocytes obtained from stomach cancer patients 

Patient Treatment SCEs±SEM PRI MI (‰) 

1 
Control 6.396 ± 0.58 2.250 44.5 

MMC 14.693 ± 0.79*  2.065*  20.2* 

2 
Control 4.792 ± 0.36 2.060 37.5 

MMC 13.694 ± 0.62*  1.870*  20.0* 

3 
Control 5.692 ± 0.37 2.260 35.0 

MMC 14.890 ± 0.88*  1.850*  21.2* 

4 
Control 7.146 ± 0.43 2.418 43.0 

MMC 15.482 ± 0.95*  1.740***  23.5* 

5 
Control 8.516 ± 0.55 2.330 32.5 

MMC 17.766 ± 1.68*  1.530*  22.5* 

6 
Control 6.550 ± 0.61 2.236 35.0 

MMC 16.560 ± 1.43*  1.704*  24.5* 

7 
Control 7.632 ± 0.55 2.170 45.0 

MMC 18.910 ± 1.71*  1.590*  23.5* 

8 
Control 7.510 ± 0.57 2.310 45.0 

MMC 16.932 ± 1.13*  1.675*  26.0* 

9 
Control 6.734 ± 0.52 2.530 39.0 

MMC 15.391 ± 0.93*  1.710*  21.5* 

10 
Control 5.992 ± 0.47 2.435 42.5 

MMC 14.279 ± 0.87*  1.870*  25.0* 

11 
Control 7.904 ± 0.63 2.350 35.0 

MMC 18.124 ± 1.15*  1.564*  15.0* 

12 
Control - - 44.0 

MMC - -  20.5* 

13 
Control 5.256 ± 0.45 2.320 40.5 

MMC 15.251 ± 1.24*  1.870* 22.0* 

14 
Control 7.584 ± 0.51 2.120 39.5 

MMC 17.431 ± 1.25* 1.650* 23.5* 

15 
Control 8.216± 0.64 2.405 42.0 

MMC 17.925 ± 1.39* 1.820* 24.0* 

16 
Control 5.614± 0.41 2.254 44.5 

MMC 14.325 ± 1.01* 1.752* 22.5* 

17 Control 6.469± 0.44 2.324 44.0 
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MMC 15.452 ± 1.19* 1.650* 25.0* 

18 
Control 4.985± 0.38 2.460 37.5 

MMC 13.958 ± 0.92* 1.730* 21.5* 

19 
Control 6.983± 0.47 2.352 38.5 

MMC 14.528 ± 1.07* 1.925* 20.5* 

20 
Control 7.834± 0.58 2.430 37.0 

MMC 16.721 ± 1.19* 1.750* 24.5* 

21 
Control 8.259± 0.62 2.184 43.5 

MMC 18.035 ± 1.76* 1.820 22.0* 

22 
Control 5.211± 0.41 2.092 45.0 

MMC 13.628 ± 0.87* 1.610 23.0* 

23 
Control 7.568± 0.54 2.350 42.0 

MMC 16.110 ± 1.14* 1.830* 20.5* 

24 
Control 7.024± 0.47 2.236 38.0 

MMC 16.324 ± 1.09* 1.725* 22.5* 

25 
Control 6.870 ± 0.42 2.324 36.0 

MMC 14.180 ± 0.91* 1.550* 24.5* 

26 
Control 6.910± 0.39 2.185 43.0 

MMC 17.991 ± 1.32* 1.620* 25.0* 

27 
Control 7.345± 0.49 2.224 37.5 

MMC 17.510 ± 1.28* 1.710* 23.5* 

28 
Control 5.358± 0.37 2.350 44.0 

MMC 14.557 ± 1.03* 1.750* 22.0* 

29 
Control 6.814± 0.34 2.480 42.0 

MMC 16.319 ± 1.17* 1.850* 23.5* 

30 
Control 7.032± 0.41 2.345 37.0 

MMC 17.182 ± 1.31* 1.955* 22.5* 

31 
Control 5.825± 0.39 2.210 39.5 

MMC 13.883 ± 0.94* 1.630* 21.0* 

32 
Control 8.385± 0.55 2.330 40.0 

MMC 18.783 ± 1.71* 1.680* 24.5* 

Mean 
Control 6.691 2.301 40.2 

MMC 16.056** 1.742** 22.3** 

*p<0.01 vs. control of the same gastric cancer patient  

** p<0.01 vs. mean control 

*** p<0.05 vs. control of the same patient 
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Table 2. SCEs frequencies, PRI and MI of peripheral lymphocytes obtained from healthy individuals 

Patient Treatment SCEs±SEM PRI MI (‰) 

1 
Control 2.321 ± 0.30 2.560 55.0 

MMC 8.951 ± 0.55* 2.480 45.0 

2 
Control 3.552 ± 0.42 2.475 47.5 

MMC 9.443 ± 0.53* 2.560 39.4 

3 
Control 4.144 ± 0.45 2.530 48.0 

MMC 8.752 ± 0.77* 2.650 52.0 

4 
Control 3.671 ± 0.52 2.350 49.5 

MMC 7.932 ± 0.70* 2.455 52.0 

5 
Control 3.143 ± 0.41 2.418 57.0 

MMC 8.269 ± 0.54* 2.549 48.5 

6 
Control 2.869 ± 0.33 2.420 49.5 

MMC 8.025 ±*0.50 2.350 51.0 

7 
Control 3.925 ± 0.48 2.535 51.5 

MMC 8.556 ±*0.53 2.470 48.5 

8 
Control 2.556 ± 0.36 2.460 49.0 

MMC 7.989 ± 0.48* 2.530 44.5 

9 
Control 4.045 ± 0.41 2.420 53.5 

MMC 9.367 ± 0.62* 2.385 50.0 

10 
Control 3.492 ± 0.40 2.510 51.0 

MMC 8.953 ± 0.53* 2.630 48.0 

11 
Control 3.610 ± 0.32 2.485 52.5 

MMC 8.217 ± 0.49* 2.390 48.0 

12 
Control 2.854 ± 0.36 2.460 49.5 

MMC 8.197 ± 0.46* 2.455 51.0 

Mean 
Control 3.385 2.474 51.1 

MMC 8.647** 2.512 48.2 

*p<0.01 vs. control of the same healthy individual 

**p<0.01 vs. mean control 
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A. 

 

B. 

Figure 2. Induction of SCEs that means enhancement of cytogenetic damage in the presence (A) or absence (B) 
of MMC in cultured human lymphocytes of 32 gastric cancer patients (GCP) and 12 healthy donors (HD) as 
shown in Tables 1 and 2.  

 

The chromosomes of gastric cancer patients are prone to break more easily than those derived from healthy 
individuals. The mean SCEs frequency of gastric cancer patients lymphocytes of “control” cultures, calculated 
6.691 SCEs/cell (Table 1), is significantly (p<0.01) higher vs. that, 3.385 SCEs/cell, of healthy individuals 
(Table 2). The same happens between the SCEs frequencies of the treated with MMC lymphocytes of the two 
groups (Tables 1 and 2, Figure 2). Lymphocytes of cancer patients and healthy individuals have almost the same 
ability to promote their cell cycle as shown by their almost equal mean values of PRI which are 2.301 and 2.474 
respectively. PRI values of lymphocytes of gastric cancer patients treated with MMC is 1.742 (Table 1) and 
significant (p<0.01) lower than that of those of healthy individuals, which PRI is 2.512 (Table 2). MI values of 
the lymphocytes of “control” cultures are slightly and not significant (p>0.05) different. The MI value of gastric 
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cancer patients’ lymphocytes is 40.2 (Table 1) and that of healthy donors is 51.1 (Table 2). After the 
lymphocytes were treated with MMC the MI values were decreased. The mean MI value of lymphocytes of 
gastric cancer patients treated with MMC is 22.3 and statistically significant (p<0.01) lower than those of healthy 
individuals treated with MMC, which mean MI is 48.2. 

4. Discussion 

Gastric cancer is one of the three most common causes of death of humans worldwide. It is found that gastric 
cancer is much more common among people at ages of 15-29 years in Europe compared to those of the same age 
group in developing countries. It has been associated with nutrition and specially with high consumption of salt 
(Arora et al., 2010; Kono and Hirohata, 1996; Hirohata and Kono, 1997). Accumulated genetic or epigenetic 
alterations in a wide range of genes that control cell division, cell differentiation and cell death are the main 
cause of cancer (Sandberg, 1991; Parkin et al., 2001; Kono & Hirohata, 1996; Hirohata & Kono, 1997). Gastric 
cancer’s development is a multi-step process which usually ranges from chronic gastritis to atrophy, intestinal 
metaplasia, dysplasia and finally to invasive cancer (Testino, 2004).  

SCEs method is a very sensitive, rapid and practical method for detecting DNA damage induced by mutagens 
and/or antimutagenic agents and carcinogens and/or subsequent DNA repair. SCEs are a natural phenomenon, 
which occurs during the synthetic (S) phase of the cell cycle, in all multiplying somatic and genetic (germ) cells. 
SCEs represent the reciprocal exchange of DNA segments between sister chromatids of a chromosome, at 
homologous loci. They are an excellent tool for the quantitative and qualitative evaluation of DNA damage and 
have been widely used over the last three decades. The ability of a cell to repair DNA damage leads to SCEs 
formation. Cells with defects in DNA repair mechanisms, form high levels of SCEs (Lialiaris et al., 2010; 
Digkas et al., 2010b). They are considered as a more sensitive method than chromosome aberrations or 
micronuclei, since induced DNA damage can be demonstrated by the formation of SCEs even at low 
concentrations of genotoxic agents (Mourelatos et al., 1983; Mourelatos 1996). It has been found that SCEs 
frequency is increased in cancer patients’ lymphocytes suffering from many kinds of cancer such as breast 
cancer, uterine cervix, ovarian, prostate and gastric cancer (Zhou, 1985; Dhillon et al., 1995; Dhar et al., 1996; 
Dhillon & Dhillon, 1998; Roy et al., 2000; Özturk et al., 2005; Cefle et al., 2006; Karaman et al., 2008; Aristei et 
al., 2009). MMC is a well known genotoxic agent which increases SCEs frequency in a wide range of cells and 
is widely used in order to measure chromosome fragility (Digkas et al, 2010a).  

This study provides an evaluation of SCEs frequencies, PRIs and MIs in peripheral blood lymphocytes and their 
genome fragility of gastric cancer patients just after the diagnosis and prior every medication, surgery or other 
kind of therapy. 

Baseline SCEs, PRI and MI were significantly higher in patients than in healthy donors used as controls, who 
were carefully selected (not smokers, without any infection for at least a month and not taking medication). 
Thus, gastric cancer patients show higher levels of SCEs in their lymphocytes (Zhou, 1985; Karaman et al., 
2008; Zhou et al., 2010). 

The SCEs frequencies of both groups’ lymphocytes significant increased after treatment with MMC. The levels 
of SCEs of patients’ lymphocytes are significant higher than that of the “control” group. Also MMC treatment 
induced significant higher levels of SCEs in both groups’ lymphocytes, but in the group of gastric cancer 
patients the SCEs frequency was the higher of the two. MMC is a well known SCEs inducer. It has been referred 
that MMC treatment significantly increases SCEs levels in gastric cancer patients and that increase is permanent 
after the second injection (Ohtsuru et al., 1980). The high SCEs frequencies show that cancer patients 
lymphocytes’ chromosomes are very fragile and much more than that of healthy individuals.  

PRIs and MIs of cancer patients’ lymphocytes are significant lower than that of healthy donors, so with as 
without MMC treatment, as a result of their inability to promote their cell cycle as fast as the healthy 
lymphocytes do. 

In conclusion, in the present study SCEs were found significant increased in patients with gastric cancer relative 
to healthy controls which may be associated with the pathogenesis of gastric cancer, even it has been reported 
that SCEs don’t have cancer predictive value (Norppa et al., 2006). Our goal was to investigate the possible 
chromosome instability in gastric cancer patients in the presence and in the absence of a genotoxic agent like 
MMC and so to reveal the underlying chromosome instability in these patients. The present data established that 
SCEs are sensitive markers of chemotherapy related damage, especially in the case of alkylating agents like 
MMC and are indicative of the attention that doctors must pay in order to avoid killing healthy cells of the 
patient such as lymphocytes. Further investigation in other antineoplastic drugs acting in another way but 
alkylation on cells and in vivo clinical studies are needed to validate our results. 
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