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Abstract
A I M : To i n ve s t i g a t e t h e p r ed i c t i o n va l u e o f 
radiosensitivity of hepatocarcinoma cells for apoptosis 
and micronucleus assay.

METHODS: Clonogenic assay, flow cytometry, and CB 
micronuclei assay were used to survey the cell survival 
rate, radiation-induced apoptosis and micronucleus 
frequency of hepatocarcinoma cell lines SMMC-7721, 
HL-7702, and HepG2 after being irradiated by X-ray at 
the dosage ranging 0-8 Gy.

RESULTS: After irradiation, there was a dose-effect 
relationship between micronucleus frequency and 
radiation dosage among the three cell lines (P<0.05). A 
positive relationship was observed between apoptosis 
and radiation dosage among the three cell lines. The  
HepG2 cells had a significant correlation (P<0.05) but 
apoptosis incidence had a negative relationship with 
micronucleus frequency. There was a positive relationship 
between apoptosis and radiation dosage and the 
correlation between SMMC-7721 and HL-7702 cell lines 
had a significant difference (P<0.01). After irradiation, 
a negative relationship between cell survival rate and 
radiation dosages was found among the three cell lines 
(P<0.01). There was a positive relationship between cell 
survival rate and micronucleus frequency (P<0.01). No 
correlation was observed between apoptosis and cell 
survival rate.

CONCLUSION: The radiosensitivity of hepatocarcinoma 
cells can be reflected by apoptosis and micronuclei. 
Detection of apoptosis and micronuclei could enhance 

the accuracy for predicting radiosensitivity.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The prediction of  cell radiosensitivity is a main content 
in radiobiology and carcinoma treatment. Apoptosis 
of  carcinoma cells can be induced by radiotherapy. 
Micronucleus is a product of  abnormal mitosis. Studies 
have verified that micronucleus analysis can predict 
radiosensitivity of  cells[1,2]. It was reported that apoptosis is 
correlated with cell survival[3,4]. Apoptosis and micronuclei 
occur after the first mitosis and are related with the 
damage in heredity substance. To investigate apoptosis 
and micronucleus assay is of  significance in predicting 
radiosensitivity.

This study focused on the relat ionship among 
apoptosis, micronuclei, and cell survival rate of  three 
hepatic cell lines (HL-7702, HepG2, SMMC-7721). 
The prediction value of  radiosensitivity for apoptosis 
and micronucleus assay of  hepatocarcinoma cells was 
investigated in vitro.

MATERIALS AND METHODS
Three hepatic carcinoma cell lines (HL-7702, HepG2, 
SMMC-7721) were cultured at 37 ℃ in RPMI 1640 
medium supplemented with 10% fetal bovine serum and 
divided into irradiated group and non-irradiated group. 
Cells in experimental growth phase were irradiated by 
X-ray at a dose of  2-8 Gy (Linear Accelerator Saturn 43 
type) with a dose rate of  200 cGy/min. The lucite was 
placed in dishes.

Cells in the experimental growth phase were digested 
by 2.5 g/L trypsin into a single-cell suspension. In vitro 
transduction was performed by plating 1×105 cells in 
3-cm2 flasks. Cells were irradiated with 2-8 Gy. After 12-15 d 
of  plating, the culture was stopped. Cells were fixed by 
formaldehyde and stained with Giemsa. The number 
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RESULTS
After being irradiated with 2-8 Gy, the micronucleus 
frequency of  HepG2, SMMC-7721, and HL-7702 was 
related with radiation dosage. The relationship between the 
micronucleus frequency of  HepG2 and radiation dosage 
was significant (P<0.05, Figure 1).

After being i r radiated with 2-8 Gy, a posi t ive 
relationship was observed between apoptosis incidence and 
radiation dosages. The relationship between micronucleus 
frequency of  HepG2, SMMC-7721 and radiation dosage 
was significant (P<0.01, Figure 2). But apoptosis incidence 
was negatively related with micronucleus frequency.

After being irradiated with 2-8 Gy, the cell survival rate 
of  three cell lines was decreased (P<0.05, Tables 1 and 2).

After being i r radiated with 2-8 Gy, a posi t ive 
relationship was found between micronucleus frequency 
and cell survival rate (P<0.01, Figure 3) .

The relationship between micronucleus frequency and 
apoptosis of  three cell lines was not significant (P>0.05).

DISCUSSION
Hepatocarcinoma is a common malignant tumor. Stereotactic 
radiotherapy of  hepatocarcinoma can achieve better 
effects. Hepatocarcinoma cells may have corresponding 
radiosensitivity.

Micronucleus is a product of  abnormal mitosis and 
consists of  chromatosome fragments that cannot enter the 

of  colonies exceeding 50 was defined as positive. The 
survival fraction rate amounted to colony formation rate in 
irradiation group. Three parallel samples were set in each 
dosage point and repeated thrice.

Cells in the experimental growth phase were digested 
by 2.5 g/L trypsin into single-cell suspension at the 
concentration of  3×104 μg/mL and inoculated in petri 
dishes. When the cells were attached to the wall, they were 
cultured for 2 days and then irradiated with 2-8 Gy. After 
irradiation, samples were added in 2 μg/mL cytochalasin-B, 
and cultured for 48 h, and then stained in situ. The number 
of  micronuclei in double nuclear cells was counted. At 
least 1 000 double nuclear cells were calculated. Each 
dosage had three parallel exponents and the experiment 
was repeated thrice.

Cells were centrifuged and washed 2-3 times with PBS 
and then fixed in 80% ethanol at -20 ℃. The samples 
were centrifuged for 5 min (800 r/min) and washed 
with PBS, mixed into mono cell suspension and diluted 
at 1:400 in PBS. The cells were treated with RNase for 
30 min, resuspended in 10 μg/mL of  PI and incubated 
overnight at 4 ℃. Cellular fluorescence was measured by 
FASort flow cytometry (Becton Dickinson, San Jose, CA, 
USA). We collected the data by CELLQuest software and 
analyzed the cell cycle by ModFit2.0.

Statistical analysis
Correlation analysis was made using the SPSS statistical 
analysis software.
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Figure 1 Micronucleus frequency of three cell lines.
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Figure 2 Apoptosis incidence (A) and DNA content (B) in three cell lines.
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core nuclei when cells undergo mitosis. Micronucleus 
analysis is a method to detect cell radiosensitivity. 
Widel et al[5] found that micronucleus frequency can be 
used as a marker to predict prognosis of  hepatocarcinoma 
patients. Kolotas et al[6] showed that the prognosis is better 
in patients with a higher micronucleus frequency than in 
those with a lower micronucleus frequency. But we found 
that micronucleus frequency of  radiation-resistant cell 
lines was not related with cell survival rate. It is usually 
believed that micronuclei induced by X-ray express only 
in sensitive cells. Micronucleus frequency of  sensitive cells 
is higher than that of  radiation-resistant cells. Therefore, 
micronuclei as a marker to predict cell radiosensitivity of  
all cells needs to be studied further.

Apoptosis of  carcinoma cells can be induced by 
radiotherapy. The sensitivity to apoptosis and X-ray 
of  carcinoma cells is coincident. Studies showed that 
apoptosis index of  carcinoma cells increases after 
radiation. The rate of  apoptosis induced by radiotherapy 
increases after radiation, indicating that apoptosis can be 
used as a marker to predict radiosensitivity.

In this experiment, radiation dose was related with 
micronucleus frequency in three cell lines. There was a 
positive relationship between the micronucleus frequency 
and cell survival rate, suggesting that micronucleus 
frequency can be used as a marker to predict the 
radiosensitivity of  hepatic carcinoma cells. Radiation dose 
was related with apoptosis incidence in three cell lines. 
The apoptosis incidence of  HL-7702 and SMMC-7721 
was higher than that of  HepG2, suggesting that apoptosis 
incidence can be used as a marker to predict the 
radiosensitivity of  hepatocarcinoma cells.

In this experiment, no significant difference was found 
between apoptosis incidence induced by radiotherapy 
and cell survival rate in three cell lines, indicating that 
the damage induced by radiotherapy is different from 
apoptosis of  hepatic carcinoma cells and that response of  

radiation-resistant cells occurs due to apoptosis.
Masunaga et al[10] showed that micronucleus frequency 

and apoptosis incidence can predict radiosensitivity of  
carcinoma cells. Our study confirmed that micronucleus 
frequency was negatively related with apoptosis incidence 
of  three cell lines. Apoptosis resulted from cell damage. 
The impaired cells express apoptosis or micronuclei. This 
result supports that once apoptosis occurs, the cells lose 
the segregating opportunity, thus affecting micronucleus 
formation. Apoptosis may be an important factor affecting 
micronucleus frequency.
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Table 1 Cell survival rate of three cell lines (mean±SD)
Cells                                                        Radiation dose (Gy)
                                    2                               4                               6                          8
HepG2                0.45±0.08                 0.22±0.02                 0.06±0.02                 0±0
SMMC-7721       0.72±0.05                 0.29±0.05                 0.08±0.05                 0±0
HL-7702              0.79±0.02                0.31±0.09                  0.11±0.06                 0±0 

Table 2 SF2 of three cell lines (mean±SD)
Cells                           Do                       Dq                          n                           SF2

HepG2                       1.5                        0.8                        1.7                      0.45±0.08
SMMC-7721              1.8                        1.5                        2.5                      0.72±0.05
HL-7702                     2.0                        1.8                        3.0                      0.79±0.02
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Figure 3 Relationship between micronucleus frequency and cell survival rate.
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