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Abstract. IRM-2, developed in our Lab, is an imbred strain mouse created by cross of a ICR/JCL female and 
615 male mouse. Compared to the parent strains, the IRM-2 mouse exhibit increased resistance to radiation. We 
examine the damage of hematoimmune system induced by radiation in IRM-2、ICR and 615 mice in order to 
elucidate the radiation resistant mechanism of IRM-2 mouse. The hematoimmune function and radiosensitivities 
of three mouse strains (IRM-2, ICR/JCL, 615) have been compared using the following parameters: the white 
blood cells(WBC) in peripheral blood (PB), the bone marrow nucleated cells (BMC) per femur. Percent of 
phagocytosis of peritoneal macrophage(PM) was checked by chicken red blood cells. Lymphocyte phenotype in 
PB were analyzed by flow cytometry. Damage induced by radiation were analysed in the bone marrows cells, 
splenocyte and thymocyte exposed to irradiation in vitro by cell viability assay(ATP Bioluminescence assay) and 
apoptosis assay(Annexin V/PI). The WBC and BMC of IRM-2 mice were significantly higher than those in ICR 
mice and 615mice, respectively(P<0.01). The ratio of CD4/CD8 in PB of IRM-2 mouse was lower than those in 
ICR and 615, P<0.01. Cell viability showed difference after 18hs incubation post radiation in three mouse strains. 
The results of our primary study suggest that the hematoimmune function in IRM-2 mouse is different to its 
parent strains. The IRM-2 mouse provides an animal model to conducted further investigation to explore the role 
of hematoimmune system in radiation resistance. 
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1. Introduction 

Hematoimmune system damage and subsequent susceptibility to potentially lethal 
opportunistic infections are well documented phenomena following radiotherapy and accidental 
radiation exposure. It has been suggested that susceptibility to radiation-induced damage exhibits 
genetic differences in human and experimental mice.  
    IRM-2 mouse, developed in our lab, is an imbred strain mouse created by cross of a close stain 
ICR/JCL female and inbred strain 615 male mouse. Compared to the parent strains, the IRM-2 
mouse exhibits increased resistance to radiation, the LD50/30 of IRM-2 mouse is 7.17±0.12Gy, that 
of ICR mouse is 5.44±0.59Gy, 615 is 5.73±0.30Gy[3].  

In this study, we investigated the damage of hematoimmune system induced by radiation in 
IRM-2、ICR and 615 mice in order to elucidate the radiation resistant mechanism of IRM-2 mouse.  

In the present study, we observed survival rate during 30days after exposure to 7.5Gy total 
body irradiation(TBI) in the three mouse strains and CFU-GM of bone marrow cells(BMC) exposed   
different doses TBI, examined the cell damage of bone marrow cells(BMC), spleen mononuclear 
cells and thymocytes induced by radiation in vitro. We also detected the CD4 and CD8 
subpopulations of T lymphocytes in peripheral blood and phagocytosis of peritoneal macrophage. 
The results showed that there were increased percent in survival of thymocyte and formation of  
CFU-GM of BMC exposed to increased doses radiation in IRM-2 mouse compared to its parent 
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mice. WBC of peripheral blood and BMC cellularity were higher in IRM-2 mouse than those in 
parent mice. It was showed that function of macrophage mouse was increased and CD4/CD8 ratio in 
the T lymphocyte of peripheral blood was lower in IRM-2 than those in ICR and 615 mice. 

2. Materials and Methods 

2.1 Mice  

Male IRM-2, ICR mice were bred in the certified animal facility in the Institute of Radiation Medicine, 
Chinese Academy of Medical Sciences .Male 615 mice were purchased from the Institute of Hematology, 
Chinese Academy of Medical Sciences. All mice were used at approximately 6-8 weeks of age.  

2.2 Cell Count and Collection 

Blood was obtained from the orbital sinus by removing the eyeball, white blood cell (WBC) counts 
were performed by routine method. 

The femora, tibiae, spleen and thymus were harvested from the mice immediately after they were 
euthanized. Bone marrow cells(BMC) were flushed from the bones into Hank’s containing 2% FCS 
using a 21-gauge needle and syringe. Single splenic and thymus cell suspensions were prepared by 
pressing the tissues between the two frosted ends of microscopic slides. Splenic and bone marrow 
mononuclear cells (MNC) were isolated via differential centrifugation of the cell suspensions using 
Ficoll. [4]. 

2.3 Irradiation  

The animals exposed to 7.5 Gy ionizing radiation in 137Cs γ-irradiator(USD, Autocell 40, CA) at a 
dose-rate of 0.80Gy per minute. The survival mice were recorded during 30 days observation period 
after irradiation exposure. The BM cells , splenocytes and thymocytes solution were adjusted to in 
1×106/ml by complete medium(RPMI 1640 supplemented with 10% FCS,100units/ml penicillin and 
100ug/ml streptomycin). The cells were exposed to 0, 0.5, 1, 2, 4, 8Gy γ- irradiation and incubated in 
96-well plate at 37℃, 5% CO2 and 100% humidity for various times as indicated in different 
experiments. 

2.4 Cell Viability Analysis 

    After the cells were cultured 6h or 18h, cell viability was monitored using the the 
luminescent-based CellTiter Glo system (Promega) according to the manufacturer’s recommended 
protocols[5]. 

2.5 Colony-forming cells(CFC) Assays 

The CFC assay was performed by culturing BM-MNCs in MehtoCult GF M3534  

methylcellulose medium (StemCell Technologies). Colonies of CFU-granulocyte macrophage(GM) 
were scored on day 5 according to the manufacturer’s protocol[6]. Colonies of 30 cells were scored ≧

under convert microscope, and results are expressed as the number of CFU-GM per 105 cells. 

2.6 Flow Cytometry Analysis 

The red blood cells in mice peripheral blood were lysed with Lysing Buffer(BD pharm lyseTM),  

and the remaining cells were washed twice with phosphate-buffered saline-bovine serum albumin 



 3

(PBS-BSA)-azide(pH 7.4), and resuspended to 100ul PBS-BSA solution. Next, 100μl of the cell 
suspension was incubated with appropriate amounts of antibodies for 15 min at room temperature in 
the dark. The flowcytometry (Beckman Coulter Altra) alignments, sensitivities, and spectral 
compensation were verified by standards, calibrators flow check before each measurements. In all 
cases, at least 10,000 events were acquired from each sample to perform apoptosis assay(Annexin 
V-FITC/PI apoptosis detection kit, Beckman), CD4, CD8 staining (FITC-conjugated anti-CD4, 
PE-conjugated anti-CD8，eBioscience). 

2.7 Peritoneal Macrophage(PM) Phagocytosis Assay 

Peritoneal cells were harvested by repeated lavage of peritoneal cavity using a needle and syringe 
with 5 ml saline. The cells were washed twice with PBS and added into wells of a 24-well plate with 
chicken red blood cells at 37℃, 5% CO2 and 100% humidity. After 2hs incubation, the supernatants 
were discarded and red chicken cells were added[7]. Then the cells were dyed by Giemsa solution 
20min, counted by oil lens. Percent of phagocytosis of PM = the numbers of PM which phagocyte 
chicken red blood cells/all the numbers of observed PM×100%, Phagocytosis indexs = the numbers of 
chicken red blood cells in 100 PMs. 

2.8 Statistical Analysis.  

The data were showed by x±SD and examined by unpaired Student’s t test. 

3. Results  

3.1 Survival rate of mice during 30 days after irradiation exposure 
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Fig 1 The survival rate of three mouse strains. The IRM-2, ICR and 615 mice were exposed to 7.5Gy γ-rays 
radiation, then observed 30 days. The survival rate was calculated by survival mouse numbers/ all mouse 
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numbers. 

Ten mice of each strain were exposed to 7.5Gy irradiation and detected the the survival rate 
during 30 days observation. As shown in Fig 1, there was no significant difference between IRM-2 
mouse（19.33%）and ICR mouse （16.33%）in their survival rate, the 615 mouse（0%） was 
significantly decreased. The average survival day of IRM-2 mouse in 30 days was 16.67, same to the 
ICR mouse(16.67), but higher than 615 mouse(10.67). These results indicated that the bone marrow 
cells might play important role in the IRM-2 mouse radiation resisitance. 

3.2 Bone marrow and peripheral cellularity in normal mice of three strains 

Bone marrow and peripheral cellularity in normal mice of three strains were assayed. As shown 
in table 1, BMC in IRM-2 mouse were significantly higher than those in 615 and ICR mouse (P<0.05). 
The WBC in IRM-2 mouse were more than those in 615 and ICR mouse(P<0.05), too. These results 
indicate that hematoimmune function IRM-2 mouse is different to its parent strains. 

Table 1 Bone marrow and peripheral cellularity in normal mice of three strains 

 

Mouse cell con 
IRM-2 ICR 615 

BM cells（106/each femur） 20.0±3.0 13.1±2.5* 11.8±3.8* 

PWBC（106/L） 13.0±0.9 6.8±0.7** 4.4±0.9** 

(a)Compared with IRM-2 mouse group,*P<0.05, ** P<0.01. 

3.3 Phagocytosis of peritoneal macrophage(PM)  
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Fig 2 The phagocytosis indexes and percent of PM in three mouse strains. Graph a showed the percent of 
phagocytosis of PM, which was evaluated by chicken red blood cells. Graph b showed the phagocytosis indexs. 
compared with IRM-2, compared to IRM-2 mouse, **P＜0.01 

Phagocytosis of PM was determined as described above. Fig 2 shows that there were significant 
difference of the PM phagocytosis and phagocytosis indexes in three mouse strains. Compared to 615 
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mouse and ICR mouse, all results in IRM-2 mouse were significantly higher, P＜0.01. This 
demonstrates that the function of PM in IRM-2 mouse was more effective. 

3.4 Detection of CD4 and CD8 T cells  

    Lymphocyte subtype in peripheral blood was detected by flowcytometry. The results were 
summarized in Table 2. Compared to ICR mouse, the percentage of CD4+ T cells in IRM-2 mouse are 
decreased(P＜0.05). But the percentage of CD8+ T cells in IRM-2 mouse were increased, and the ratio 
of CD4/CD8 was significantly decreased, compared to ICR mouse and 615 mouse(*P＜0.05).  

Table 2 Detection of CD4 and CD8 T cells in three mouse strains 

Mice IRM-2 ICR 615 

CD4 15.0±2.5 33.6±4.2* 16.9±4.0 

CD8 22.5±3.0 14.3±3.5* 13.4±2.3* 

Sum 37.4±5.2 47.9±7.3 30.3±5.7 

CD4/CD8 0.67±0.07 2.43±0.51* 1.27±0.26* 

(a)compared with IRM-2,  *P＜0.05. 

3.5 Effects of irradiation on the cell viability 

Table 3 the hematoimmune cells viability in vitro after 18h irradiation  

IRM-2 mouse ICR mouse 615 mouse 
Irradia

tion 
dose thymo

cytes 
BMCs 

spleno
cytes 

thymo
cytes 

BMCs
spleno
cytes 

thymo
cytes 

BMCs 
spleno
cytes 

0.5 Gy 
85.3±1

1.8 
150.5±

19.3 
71.7±3

8.2 
55.4±2

.2* 
171.3±

67.7 
69.7±3

5.0 
43.9±1
3.2** 

77.7±1
6.4** 

84.1±4
2.1 

1 Gy 
56.2±4

.6 
120.2±

19.5 
65.6±3

3.4 
25.8±4

.7* 
130.0±

48.4 
52.7±2

7.1 
24.8±3

.3* 
61.5±7

.2** 
76.1±3

8.0 

2 Gy 
31.7±1

.4 
92.4±1

.2 
54.6±2

7.7 
13.6±1

.7* 
123.3±

51.6 
46.6±2

3.6 
17.6±1

.1* 
46.1±7

.3** 
71.7±3

67 

4 Gy 
15.0±1

.5 
82.9±0

.8 
62.8±3

3.6 
6.3±0.

5* 
68.5±1

9.2 
34.9±1

7.5 
7.1±1.

5* 
37.4±1
0.5** 

78.7±3
9.8 

8 Gy 
8.1±1.

1 
38.2±1

.3 
56.7±2

9.0 
0.1±0.

0* 
46.5±2

7.1 
30.4±1

5.5 
4.0±0.

4** 
27.9±1

1.8 
77.2±3

9.0 
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(a)compared with IRM-2,  *P＜0.01, **P＜0.05. 

The cells viability were detected by Cell Titer-BlueTM kit. Table 3 showed that all the BM cells, 
splenocytes and thymocytes viability were significantly decreased in a doses-dependent manner. At 6h 
after radiation, there is no significant difference on apoptosis and viability in three mouse strains(Data 
not shown).But the difference was observed after 18h radiation. The viability of IRM-2 mouse 
thymocytes(from 85.3 to 8.1) was significantly higher than 615 mouse(from 43.9 to 4.0) and the ICR 
mouse(from 55.4 to 0.1) after different doses irradiation 18h.The viability of IRM-2 mouse BM cells 
was similar to the ICR mouse, but significantly higher than 615 mouse after radiation 18h. The 
viability of IRM-2 mouse splenocytes was similar to the 615 mouse, but higher than that of the ICR 
mouse. These results demonstrated that IRM-2 mouse cells existed radiation resistance at 18h after 
radiation in vitro. 

3.6 The Colony-forming cells(CFC) Assays of BM cells  

     The effects of irradiation on functions of bone marrow (BM) cells at different time were 
evaluated by CFC assays. Fig 3 shows the CFU numbers of BM in three mouse strains at 5th day. 
After 1 and 4Gy irradiation, the Numbers of CFU-GM in 615 and ICR mouse were significantly lower 
than that of IRM-2 mouse(P＜0.01).  
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Fig 3 Number of CFU-GM in bone marrow cells of three mouse strains. The bone marrow cells of three mouse 
strains were cultured in methylcellulose medium after exposed to 1Gy and 4Gy radiation. compared with IRM-2,  
*P＜0.01.  

4. Discussion 

  Today, more than 50% of cancer patients receive radiotherapy at some time during the course of 
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their disease. Recent technical developments have significantly increased the precision of dose 
delivery to the target tumor, making radiotherapy more efficient in cancer treatment. However, the 
same radiation doses could induce significantly different therapy effects in patients due to the diverse 
radiosensitivity. So, many researchers focused on the radiosensitivity especially cancer patients 
radiosensitivity in different aspects [8-11].      

IRM-2, developed in our Lab, is an imbred strain mouse created by cross of a ICR/JCL female 
and 615 male mouse from 1990.The previous study has showed that IRM-2 mouse is suitable for the 
scientific research for low spontaneous aberration frequencies detected by Giemas stain, stable 
hematology and biochemistry parameters[12-13]. Then the changes of nucleated cell count in bone 
marrow, DNA content of bone marrow cells, WBC in peripheral blood and CFU-S after 4.0Gy 
radiation were examined, results showed that a the degree of WBC declined, the nucleated cell count 
and DNA content decreased, but their recovery was quicker than in both ICR and 615 mouse. CFU-S 
in IRM-2 mouse was 2 times higher than that in both ICR and 615 mice. In addition, The LD50 of 
IRM-2 mouse is 7.17±0.12Gy, higher than that of ICR mouse (5.44±0.59Gy) and 615 
mouse(5.73±0.30Gy)[3]. So, IRM-2 mouse might be a good model for the research on raidosensitivity. 
In the present study, we investigated the damage of hematoimmune system induced by radiation in 
IRM-2、ICR and 615 mice in order to elucidate the radiation resistant mechanism of IRM-2 mouse. 

Firstly，some basic parameters of IRM-2 mouse were compared with ICR and 615 mouse. 
Peripheral leukocytes and bone marrow cells are important to hematoimmune system. The numbers of 
them reflects their function in some content. In our research, the BMC and WBC numbers in IRM-2 
mouse are significantly higher than those in ICR mouse and 615 mouse, this provides the possibility 
for the radiation resistance in IRM-2 mouse. In addition, the CD4 and CD8 T cells population in 
peripheral blood were detected by flow cytometry. The ratios of CD4/CD8 in IRM-2 mouse is smaller 
than those in C57, Balb/c, ICR and 615 mouse strains[14]. The CD8 T cells in IRM-2 mouse is 
significantly increased according to the ICR and 615 mouse. This might be the mechanism of radiation 
resistance in IRM-2 mouse. Phagocytosis is essential for the destruction of some pathogens and during 
this process macrophages enhance the production of ROIs, including H2O2, O2- and OH- , which are 
highly toxic to microorganisms[15]. In this study, we found phagocytosis in IRM-2 mouse is much 
higher than that of 615 and ICR mouse, which means the immune system of IRM-2 mouse is more 
effective. This is consistent with CD8 T cells increased. These results indicate the hematoimmune 
system of IRM-2 might play important role in radiation research. 

After 7.5Gy γ-ray total body irradiation, the survival rate of IRM-2 mouse is 16.67%, same to the 
ICR mouse , but higher than that of 615 mouse(0%). The average survival days of IRM-2 mouse is 
19.33, higher than ICR mouse(16.33) and 615 mouse(10.67). This confirmed that the IRM-2 mouse 
existed radiosensitivity compared to 615 mouse and ICR mouse. 

BM cells are composed of many cells with different character and function, which play important 
roles in hematoimmune system. An acute and transient myelosuppression is a common side effect of 
radiotherapy, which primarily damage the rapidly proliferating hematopoietic progenitors and their 
more mature progeny in BM cells. If injury continued, persistent myelosuppression even BM failure 
would happen to cause patients dead. So, the BM cells apoptosis may be the mechanism of BM cells 
injured by irradiation[16-18]. Spleen and thymus play important roles in the immune system 
homeostasis, too. In present research, the cells in vitro viability in the radiation injury was detected to 
consider those roles in radiosensitivity. The results showed that the viability of IRM-2 mouse 
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thymocytes was significantly higher than 615 mouse and the ICR mouse after radiation 18h. For 
example, after 1 Gy IR 18h, the viability of thymocytes in IRM-2, ICR and 615 mouse was 56.2±4.6, 
25.8±4.7, 24.8±3.3(P＜0.01). But the viability of IRM-2 mouse BM cells was similar to the ICR 
mouse, significantly higher than 615 mouse after radiation 18h. The viability of IRM-2 mouse 
splenocytes was similar to the 615 mouse, but higher than that of the ICR mouse. These results 
indicated that the thymocytes cells in the IRM-2 might play the major role in radiosensitivity in vitro. 

The CFC assay was also used to evaluate the BM cells function in vitro. After 1Gy and 4Gy IR, 
the numbers of CFUs in BM cells were detected at 5th day .The results(Fig 3) showed that the 
functions of BM cells in IRM-2 mouse were both higher than those in ICR mouse and 615 mouse. 
This proved radiation resistance existed in IRM-2 mouse compared to ICR mouse and 615 mouse, but 
the mechanism need to be further explored. 

In summary, the results of our primary study all suggest that the hematoimmune function in IRM-2 
mouse is different to its parent strains. The different ratio of CD4/CD8 and thymocytes may be the 
mechanism of the IRM-2 mouse radiation resistance. The IRM-2 mouse provides an animal model to 
conduct further investigation to explore the role of hematoimmune system in radiation resistance and 
the relevance between them. The results might give some clues about patients’ radiosensitivity. 
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