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Abstract � Previous studies showed that low dose radiation (LDR) could stimulate the immune system in 
both animal and human populations. This paper reviews the present status of relevant research as support 
to the use of LDR in clinical practice for cancer prevention and treatment.  

It has been demonstrated that radiation-induced changes in immune activity follows an inverse J-
shaped curve, i.e., low dose stimulation and high dose suppression. The stimulation of immunity by LDR 
concerns most anticancer parameters, including antibody formation, natural killer activity, secretion of 
interferon and other cytokines as well as other cellular changes. Animal studies have revealed that LDR 
retards tumor growth, decreases cancer metastasis, and inhibits carcinogenesis induced by high dose 
radiation. These effects of LDR on cancer control were found to be related to its stimulation on immunity. 
The experimental data may well explain the efficacy of the clinical trial of LDR in the treatment of cancer.  

 
 

I. INTRODUCTION 
 

Carcinogenesis induced by environmental agents is a 
problem of concern to the public and scientific bodies. 
Ionizing radiation is one among these environmental 
agents. It is well known that most carcinogens are 
immunosuppressants. Ionizing radiation is one of these 
when delivered at moderate to high doses. Immune 
surveillance is one of the most important defense 
mechanisms in the body monitoring the development of 
cancer. As reviewed in previous reports low dose 
radiation (LDR) enhances immune functions.(1, 2) The 
significance of these immunologic changes in radiation-
induced cancer is still a question of debate. In UNSCEAR 
1994, it is stated, �the immune system may not play a 
major role in moderating human radiation oncogenesis, 
although immune function in certain organs may ensure 
that some early neoplastic cells are eliminated before they 
become established�.(3) NCRP Report No. 136 states, �in 
the ultimate instance of cancer in vivo, the adaptive 
response may take the form of an immune surveillance of 
pre-neoplastic cells. This is certainly a possibility, but it is 
difficult to design laboratory experiments to test it�. (4) In 
a recent commentary article on radiation hormesis, it is 
recognized that �under appropriate conditions, exposure 
to X-rays or gamma rays at doses below those causing 
immunosuppressive effects has been observed to augment 
various immune responses in mice�� but �the 
mechanisms of the observed enhancement remain to be 
elucidated in full��.(5) These statements accept the 
importance of experimental data on LDR-induced 
enhancement of immunity and its surveillance of cancer 

formation on one hand and question its significance in 
cancer control on the other.  

There have been accumulating data disclosing the 
cellular and molecular mechanisms of LDR-induced 
increase in anti-tumor immunity in animal models, as 
reviewed in Reference 1. LDR increases cellular 
antioxidant activity; facilitates DNA damage repair; 
reduces malignant transformation and mutagenesis, and 
stimulates immune surveillance.(6-10) All these may 
contribute to the effect of LDR on the reduction of cancer 
incidence. There have been experimental studies 
illustrating: a) the suppressive effect of LDR on tumor 
growth, metastasis and carcinogenesis, b) the increased 
anti-cancer immunity, including enhanced NK and CTL 
activity, and c) the increased IFNγ and IL-2 secretion. All 
these data point to the significance of enhanced immune 
responses in cancer control.(11-23) 

 
II. LOW DOSE RADIATION AND IMMUNITY 
 
Stimulation of immunity by low dose radiation is 

manifested in various aspects.(1) Table 1 shows the 
immunologic parameters studied in the author�s 
laboratory demonstrating up-regulation of immune 
functions in animal models exposed to single as well 
chronic irradiation.(24-36) As illustrated in this table, most 
immunologic parameters are stimulated after whole-body 
irradiation (WBI) by doses within 0.1 Gy, using a dose-
rate within 15 mGy/min. The NK (natural killer) activity 
of splenocytes was assessed with the 125I-UdR release 
method using YAC-1 cells as targets in C57BL/6J mice. 
Significant stimulation was observed after WBI with both 



 

 

75 and 500 mGy. For most immunologic parameters of 
splenocytes, doses above 500 mGy may exert an 
inhibitory effect. But with NK activity, 500 mGy showed 
an even higher stimulatory effect than 75 mGy. This is 
obviously related to the relatively higher radio-resistance 
of the NK cells. This is also the case with macrophages. 
WBI with 75 mGy caused a 32% increase of the secretion 
of IL-12 (see Table 1), with higher increases after doses 
above 1 Gy (not shown). The inhibitory effect of 
peritoneal macrophages on the growth of tumor cell line 
S180 was increased by 52% after WBI with 75 mGy. The 
specific CTL activity was assayed in C57BL/6J mice 
bearing Lewis lung carcinoma; a 40% increase of cancer 
suppressive effect was observed. The ADCC (antibody-
dependent cell-mediated cytotoxicity) activity is a specific 
reaction to P815 cancer cells, assessed with the 125I-UdR 
release method. These four parameters are directly related 
to anticancer immunity. The PFC (plaque forming cell) 
reaction denotes the capacity of antibody formation in 
response to sheep RBC as antigen. This is a T-dependent 
reaction, which was found to be stimulated by both acute 
and chronic low dose radiation. Under very low dose rate, 
15 µGy/min, a cumulative dose of 65 mGy increased the 
response significantly � by 16%. The measurement of T 
cell proliferation is an indication of activation and clonal 
expansion of the T lymphocytes, representing immune 
activation. Four sets of data are shown in Table 1, the first 
two of which are from experiments on Balb/c mice.  
These mice are relatively sensitive to ionizing radiation. 
The third and fourth sets of data are from Kunming mice, 
which show a response to ionizing radiation comparable 
to that of C57BL/6J mice, as tested in our laboratory. It is 
interesting to note that after an acute dose of 75-106 mGy, 
at the dose rate of 12.5-12.7 mGy/min, both strains of 
mice responded with an increase in T cell proliferation of 
more than 100%. However, for the Balb/c mice, this dose 
would have no effect in T cell proliferation if the dose 
rate were 200 mGy/min.(32) Other authors have also noted 
this strain difference of lymphocyte proliferation in 
response to radiation.(37) The secretion of cytokines was 
stimulated in favor of differentiation of the TH1 subset. 
Activation of T lymphocytes is related to the up-
regulation of surface molecules CD2, CD3 and CD28 
after LDR.(1, 2, 27, 38) In response to these changes, 
intracellular signal transduction is facilitated.(39-44) Among 
these, the up-regulation of PKC and [Ca2+]i forms the 
most important intracellular molecular basis of T 
lymphocyte stimulation (Table 2). 

 
III. EFFECT OF LOW DOSE RADIATION ON 

CANCER CONTROL(11-23) 
 
It was shown that irradiation with low dose X-rays 

decreased the growth rate and metastasis of implanted 
B16 melanoma and Lewis lung cancer in C57BL/6J mice. 
As shown in Figure 1, the effect of WBI with 0.075 Gy 

(given 24 h after implantation of Lewis lung cancer cells) 
on tumor growth is manifested as: decrease in tumor size 
by ~50% (column 1); increase in mean survival time by 
~40% (column 2), and decrease of 30-day mortality rate 
by ~40% (column 3).(11, 18, 31)  

 
Table 1.  Immune functions stimulated by low dose radiation in mice 

      Immunologic                  Dose              Dose-rate              Change              P value        
        Parameter                     (mGy)           (mGy/min)                (%)                                    

NK activity                              75                    12.5                     +19                  <0.05 (28) 

                                               500                  510                        +45                  <0.01 (28) 

Mac activity1                            75                    12.5                     +52                  <0.05 (33) 

CTL 2                                       75                     12.5                    +40                  <0.01 (13) 

ADCC3                                    75                     12.5                     +31                  <0.05 (31) 

PFC reaction4                          75                     12.5                     +74                  <0.05 (47) 

                                                65                     15 µGy/min         +16                  <0.05 (47) 

                                              100                     12.5                     +50                  <0.05 (31)  

T cell proliferation5                 77                     12.7                   +101                  <0.01 (32) 

                                              106                     12.7                   +101                  <0.01 (32) 

                                                75                     12.5                   +130                  <0.01 (27)  

                                                75                     12.5                   +142                  <0.01 (25) 

G-CSF secretion6                     50                     12.5                     +58                  <0.01 (33) 

                                                75                     12.5                     +52                  <0.01 (33) 

                                              100                     12.5                     +42                  <0.05 (33) 

IFNγ secretion                         75                     12.5                     +30                  <0.05 (26) 

                                              100                     12.5                     +31                  <0.05 (26) 

IL-2 secretion                          75                     12.5                     +33(d2)            <0.05 (31) 

                                                75                     12.5                     +66(d7)            <0.05 (31) 

IL-10 secretion                        75                     12.5                      �61                  <0.01 (35) 

IL-12 secretion                        75                     12.5                     +32                  <0.05 (36) 

IL-18 secretion                        75                     12.5                     +90(24h)          <0.05 (pc) 

                                                75                     12.5                   +185(48h)          <0.01 (pc) 

TNFα secretion                       75                     12.5                    +358                 <0.01 (30) 

IL-1β secretion                        75                     12.5                      +72                 <0.01 (31) 

All data represent experimental results obtained 24h after LDR except otherwise 
specified. 1. Macrophage antitumor activity assayed with S180 cells; 2. Specific cytolytic 
T lymphocyte activity of splenocytes assayed with Lewis lung cancer cells; 3. Antibody-
dependent cell-mediated cytotoxicity of splenocytes assayed with P815 cells; 4. Mice 
were immunized with sheep RBC on day 4 after WBI and plaque-forming cells were 
counted on day 9; 5. T cell proliferation was measured with 3H-TdR incorporation in the 
presence of Con A 5µg/ml; 6. G-CSF was assayed with RIA. Reference numbers are 
given in parenthesis; pc=personal communication). 

Table 2. Important Intracellular signal molecules stimulated by low dose radiation1 

    Signal                          Dose                   Dose-rate               Change                P value      
  Molecule                      (mGy)                 (mGy/min)                (%)                                    

[Ca2+]i                                75                         12.5                     +133                  <0.001  

Calcineurin                        75                         12.5                       +70                  <0.01  

PKCα                                75                         12.5                       +54                  <0.001  

PKCβ1                              75                          12.5                     +163                 <0.001 

PKCβ2                              75                          12.5                       +72                 <0.01 

1 Changes occurring in thymocytes 24h after WBI with 75 mGy; [Ca2+]i was measured in 
the presence of 5 µg/ml of Con A. Methods are given in references 39 and 41. 



 

 

Figure 2 shows the reduction of pulmonary 
metastasis of B16 melanoma cells after WBI with 0.05-
0.15 Gy (intravenous injection of B16 cells 24 h after 
irradiation, showing significant reduction of lung nodules 
of cancer cells 14d after injection)(12, 14, 15). Figure 3 shows 
the effect of LDR on the efficacy of mitomycin C (3 
mg/kg body weight) on the growth of Lewis lung cancer 
cells implanted to mice. WBI with 0.075 Gy, 6 h before 
chemotherapy, further reduced the tumor size (column 3 
compared to column 2)(16, 17, 23). Figure 4 shows the 
alleviation of immune suppression caused by tumor 
burden (Lewis lung cancer implantation) by LDR, as 
demonstrated by the recovery of the lowered NK activity 
after LDR in tumor-bearing mice.(13) 

1. Tumor size; 2. Survival time; 3. Mortality rate 
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Figure 1. Effect of low dose radiation on Lewis lung 
cancer (0.075 Gy WBI, 24 h after tumor implantation) 
 

1. Control; 2. 0.05 Gy; 3. 0.075 Gy; 4. 0.1 Gy; 5. 0.15 Gy
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Figure 2. Low dose radiation reduces cancer metastasis 
(Injection of B16 cells, i.v., 24 h after WBI with different 
doses of X-rays) 

1. 16d after Lewis lung cancer implantation; 2. MMC 3 mg/kg i.p. on day10
3. WBI with 0.075 Gy 6h before MMC injection
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Figure 3. Low dose radiation increases efficacy of cancer 
chemotherapy 

 

1. Control; 2. Mice implanted with Lewis lung cancer;
3. Tumor-bearing mice after WBI with 0.075 Gy 
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Figure 4. Low dose radiation stimulates immunity in 
tumor-bearing mice 
 

In a well recognized model of thymic lymphoma, 
induced by fractionated WBI (1.75 Gy once a week for 4 
consecutive weeks) in C57BL/6J mice, a low dose of 
radiation (0.075 Gy), 6-12 hours preceding each 
fractionated high dose radiation (HDR), could reduce the 
lymphoma incidence from 43.3% in the control (exposed 
to only the HDR) to 15.1% (HDR being preceded by 
0.075 Gy with an interval of 6h) and 17.6% (HDR being 
preceded by 0.075 Gy with an interval of 12h) in 6 
months after the fractionated exposures. These inhibitory 
effects of LDR on cancer growth and cancer induction are 
accompanied with immunologic stimulation.(11, 19, 21, 22) 

Clinical application of LDR in the treatment of 
cancer has shown enlightening results. When patients 
with non-Hodgkin�s lymphoma under chemotherapy were 
given total body or half body (to the thorax) LDR in a 
regimen of 0.1 Gy 3 times a week or 0.15 Gy 2 times a 



 

 

week for 5 consecutive weeks with a total dose of 1.5 Gy, 
the survival rate in 9 years rose to 84% from 50% of the 
control with chemotherapy alone (P < 0.01). The LDR-
treated patients also showed enhanced anti-cancer 
immunity.[45] 

In an area of high natural radioactivity with the 
exposure rate 3 times as high as that in the adjacent 
control area in south China with epidemiological survey 
having been continued for 31 years, the cancer mortality 
rate was found to be slightly lower than that among the 
inhabitants in the control area.(46) Examination of the 
peripheral blood of the inhabitants showed increased 
reactivity of the lymphocytes to PHA and enhanced DNA 
damage repair capability as shown by increased UDS of 
the lymphocytes.(47) There were increased chromosome 
aberrations in the blood samples implicating DNA 
damage.(46) It is supposed that the balance between 
radiation damage and defense mechanisms under this 
circumstance results in no increase or even lowering of 
cancer mortality in spite of the long term exposure of the 
inhabitants to the low level radiation. 
 

IV. CONCLUDING REMARKS 
 

The stimulation of immunity by LDR concerns most 
anticancer parameters, including antibody formation, NK 
activity, CTL activity, macrophage activity, ADCC 
activity, secretion of interferon and other cytokines as 
well as other cellular changes. Animal studies have 
revealed that LDR retards tumor growth, decreases cancer 
metastasis, and inhibits carcinogenesis induced by high 
dose radiation. These effects of LDR on cancer control 
were found to be related to its stimulation on immunity. 
The experimental data may well explain the efficacy of 
the clinical use of LDR in the treatment of cancer. The 
present paper reviews the present status of relevant 
research on effects of low dose radiation on anticancer 
immunity as support to its trial in clinical practice. 

 
ACKNOWLEDGMENT 

 
This paper is prepared with support by grants from 

the Natural Science Foundation of China.  
 

REFERENCES 
 
1. S.Z. LIU. �Nonlinear Dose-Response Relationship in 

the Immune System Following Exposure to Ionizing 
Radiation: Mechanisms and Implications�. 
Nonlinearity in Biol Toxicol Med 1(1):71-92 (2003). 

2. S.Z. LIU. �On Radiation Hormesis Expressed in the 
Immune System�. Crit Rev Tox 33:431-441 (2003). 

3. UNSCEAR �Report to UN General Assembly, 
Sources and Effects of Ionizing Radiation, Annex B�. 
United Nations, New York (1994). 

4. NCRP, �Evaluation of the Linear Nonthreshold 

Dose-Response Model for Ionizing Radiation�. June 
4, 2001, National Council on Radiation Protection 
and Measurements, Bethesda, Maryland. 

5. A.C. UPTON. �Radiation Hormesis: Data and 
Interpretation�. Crit Rev Toxicol 31:681-695 (2000). 

6. K. YAMAOKA, R. EDAMUTSU, A. MIRI. 
�Increased SOD Activities and Decreased Lipid 
Peroxide in Rat Organs Induced by Low Dose X-
Irradiation�. Free Radical Biol Med 11:3-7 (1991). 

7. L.E. FEINENDEGEN, M.A. LOKEN, J. BOOZ. 
�Cellular Mechanisms of Protection and Repair 
Induced by Radiation Exposure and their 
Consequences for Cell System Responses�. Stem Cells 
13 (suppl. 1): 7-20 (1995). 

8. S. KONDO. Health Effects of Low Level Radiation. 73-
92. Osaka: Kinki University Press. (1993). 

9. P.K. ZHOU, X.Y. LIU, W.Z. SUN. �Cultured Mouse 
SR-1 Cells Exposed to Low Dose of Gamma-rays 
Becomes Less Susceptible to the Induction of 
Mutagenesis by Radiation as Well as Bleomycin�. 
Mutagenesis 8:109-110 (1993). 

10. O. RIGAUD, E. MOUSTACCHI. �Radioadaptation 
for Gene Mutation and the Possible Molecular 
Mechanisms of the Adaptive Response�. Mutat Res 
N358:127-134 (1996). 

11. X.Y. LI, Y.B. CHEN, F.Q. XIA. �Effect of Low 
Dose Radiation on Growth of Implanted Tumor and 
Cancer Induction in Mice�. Chin J Radiol Health 
5:21-23 (1996). 

12. H.Q. FU, X.Y. LI, Y.J. LI. �Low Dose Radiation 
Suppresses Dissemination of Cancer Cells in Mice�. 
Chin J Radiol Med Prot 16:50-53 (1996). 

13. Y. ZHANG, S.Z. LIU. �Effect of Low Dose 
Radiation on Immune Functions of Tumor-Bearing 
Mice�. Chin J Radiol Health 5:235-237 (1996). 

14. A.X. JIN, S.Y. WANG, D.Y. WEI. �Mechanism of 
Low Level Ionizing Radiation in Inhibiting B16 
Melanoma Blood-born Pulmonary Metastasis�. Chin 
J Radiol Med Prot 17:236-239 (1997). 

15. H.Q. FU, X.Y. LI, Y.B. CHEN. �Studies on the 
Mechanism of the Suppressive Effect of Low Dose 
Radiation on Cancer Metastasis�. J Radiat Res 
Radiat Proc 15:41-43 (1997). 

16. Y. ZHANG, X.Y. LI, S.Z. LIU. �Effect of Low Dose 
Radiation on the Tumor Suppressive Action of 
Chemotherapeutic Drugs�. Chin J Radiol Med Prot 
17:112-114 (1997). 

17. Y. ZHANG, S.Z. LIU. �Enhancing Effect of Low 
Dose Radiation on Tumor-Suppressive Action of 
Chemotherapy and its Mechanisms�. J Radiat Res 
Radiat Proc 15:179-184 (1997). 

18. Y. ZHANG, Z. LU, X.Y. LI. �Influence of Low Dose 
Radiation on the Pulmonary Metastasis of Lewis 
Lung Carcinoma in Mice�. J N Bethune Univ Med 
Sci 24:559-562 (1998). 

19. X.Y. LI, X.J. LI, Y. ZHANG. �Suppressive Effect of 



 

 

Low Dose Radiation on Thymic Lymphoma Induced 
in Mice by Carcinogenic Doses of Radiation�. China 
Academic Lit (SciTech Express) 4:1406-1407 (1998). 

20. Y. ZHANG, Y.M. SUN, X.Y. LI. �Experimental 
Study on the Enhancing Effect of Low Dose 
Radiation on Macrophage Function in Tumor-
Bearing Mice�. J Radiat Res Radiat Proc 16:249-252 
(1998). 

21. X.J. LI, Y. YANG, X.Y. LI. �Immunologic 
Mechanisms of Reduction of Radiation-Induced 
Thymic Lymphoma by Low Dose Radiation�. J 
Radiat Res Radiat Proc 17: 125-128 (1999). 

22. X.J. LI, S.B. FU, Y. YANG. �Effect of Low Dose 
Radiation on Immune Functions 6 Months after High 
Dose Radiation in Tumor-Bearing Mice�. J Exp 
Oncol 13:241-242 (1999). 

23. Y. ZHANG, Z. LU, X.Y. LI. �Effect of Combined 
Whole-Body Low Dose Irradiation and 
Chemotherapy on Growth, Metastasis and Immune 
Functions in Tumor-Bearing Mice�. Radiat Prot 
19:127-131 (1999). 

24. S.Z. LIU, W.H. LIU, J.B. SUN. �Radiation Hormesis: 
Its Expression in the Immune System�. Health Phys 
52:579-583 (1987). 

25. S.Z. LIU. �Multilevel Mechanisms of Stimulatory 
Effect of Low Dose Radiation on Immunity�. Editors: 
T. Sugahara, L.A. Sagan, T. Aoyama. Low Dose 
Irradiation and Biological Defense Mechanisms. 
Amsterdam: Elsevier Science. 225-232 (1992). 

26. Y.G. YANG, S.Z. LIU. �Effect of Whole-Body X-
Irradiation on IFNγ Production by Splenocytes�. J N 
Bethune Univ Med Sci 15(Suppl.):11-13 (1989).  

27. S.Z. LIU, S.Z. JIN, X.D. LIU, Y.M. SUN. �Role of 
CD28/B7 Co-stimulation and IL-12/IL-10 Interaction 
in the Radiation-Induced Immune Changes�. BMC 
Immunology 2:8 (2001). 

28. X.H. FAN, S.Z. LIU. �Radiation Effect on NK 
Activity in Mouse Spleen�. J N Bethune Univ Med 
Sci 15:551-553 (1989). 

29. Y.M. SUN, S.Z. LIU. �Changes in mRNA Level of 
TNFα and IL-1β in Peritoneal Macrophages of Mice 
after Whole-Body X-Irradiation�. Radiat Prot 
18:119-125 (1998). 

30. Y.M. SUN, S.Z. LIU. �Changes in TNFα Expression 
in Mouse Peritoneal Macrophages after Whole-Body 
X-Irradiation�. J Radiat Res Radiat Proc 18:235-239 
(2000).  

31. S.Z. LIU. Radiation Hormesis with Low Level 
Exposures. 250-254. Beijing: Scientific Press, 1996. 

32. X. SU, S.Z. LIU, H. OHYAMA. �Influence of Dose 
Rate on Radiation Hormesis with Low Dose 
Exposure�. J N Bethune Univ Med Sci 23:582-584 
(1997). 

33. Z.Y. CHEN, .M. ZHANG, S.Z. LIU. �Effects of Low 
Dose Irradiation on Splenic Macrophage Functions in 
Mice�. J Radiat Res Radiat Proc 13:187-189 (1996). 

34. H.L. ZHANG, M. ZHANG, S.Z. LIU. �Stimulatory 
Effect of Low Dose Ionizing Radiation on 
Hematopoietic System of Mice�. Natl J Med Chin 
73:99-100 (1993). 

35. X.D. LIU, S.Z. LIU, S.M. MA, Y. LIU. �Expression 
of IL-10 in Mouse Spleen at mRNA and Protein 
Level after Whole-Body X-Irradiation�. Chin J 
Radiol Med Prot 22:10-12 (2001). 

36. X.D. LIU, S.Z. LIU, S.M. MA, Y. LIU. �Opposite 
Changes of IL-10 and IL-12 Expression in Mice after 
Low Dose Whole-Body X-Irradiation�. J Radiat Res 
Radiat Proc 19:253-258 (2001). 

37. B. SHANKAR, S. PREMACHANDRAN, S.D. 
BHARAMBE. �Modification of Immune Response 
by Low Dose Ionizing Radiation: Role of 
Apoptosis�. Immunol Lett 68:237-245 (1999). 

38. S.Z. LIU, Y.C. ZHANG, X. SU. �Effect of Low Dose 
Radiation on the Expression of TCR/CD3 and CD25 
on Mouse Thymocyte Plasma Membrane�. Chin J 
Pathophysiol 11:2-5 (1995). 

39. S.Z. LIU, X. SU, Z.B. HAN, Y.C. ZHANG, J. QI. 
�Effect of Low Dose Radiation on Intracellular 
Calcium and Protein Kinase C in Lymphocytes�. 
Biomed Environ Sci 7:284-291 (1994). 

40. S.Z. LIU, X. SU, Y.C. ZHANG, Y. ZHAO. �Signal 
Transduction in Lymphocytes after Low Dose 
Radiation�. Int J Occup Med Toxicol 3:107-117 
(1994). 

41. S.Z. LIU, F. XIE. �Involvement of the Ca2+-Protein 
Kinase C and Adenylate Eyclase Signal Pathways in 
the Activation of Thymocytes in Response to Whole-
Body Irradiation with Low Dose X-rays�. Chin Med 
Sci J 15(1):1-7 (2000). 

42. S.J. HE, S.Z. LIU. �Effect of X-Irradiation on the 
Activity of Transcription Factors in EL-4 Cells�. 
Chin J Radiol Med Prot 20:337-338 (2000). 

43. S.J. HE, S.Z. JIN, S.Z. LIU. �Effect of Whole-Body 
X-Irradiation on DNA Binding Activity of NF-kB in 
Immune Organs�. J Radiat Res Radiat Proc 18:278-
283 (2000).  

44. S.J. HE, F. XIE, S.Z. LIU. �Activation of CREB 
Induced by X-Rays and its Relationship with cAMP 
Signal Pathway�. J Radiat Res Radiat Proc 19:138-
143 (2001). 

45. K. SAKAMOTO, M. MYOGIN, Y. HOSOI. 
�Fundamental and Clinical Studies on Cancer 
Control with Total or Upper Half-Body Irradiation� J 
Jpn Ther Radiol Oncol 9:161-175 (1997). 

46. L.X. WEI, T. SUGAHARA. �Recent Advances of 
Epidemiological Study in High Background 
Radiation Area in Yangjiang, China� Excerpta 
Medica Internatl Congress Series 1236:91-99 (2002). 

47. S.Z. LIU, G.Z. XU, X.Y. LI. �A restudy of the 
Immune Functions of Inhabitants in an Area of High 
Natural Radioactivity in Guangdong�. Chin J Radiol 
Med Prot 5:124-127 (1985).  


	I. INTRODUCTION

