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1. Liu SZ, Bai O, Chen D, Ye F. Genes and protein molecules involved in the cellular activation induced by low dose radiation. J Radiat Res Radiat Proc 2000, 18: 175-185. [Abstract] The effect of whole-body X-irradiation on the transcription and expression level of genes related to cell survival and cell cycle control, the transcription level of genes related to immune responses as well as the signal molecules of mouse thymocytes and / or splenocytes was reviewed. Opposite effects from low versus high doses of radiation were demonstrated in most of the parameters examined. The implications of these changes in connection with the cellular responses after different doses of ionizing radiation were analyzed.

2. Ju GZ, Fan C, Liu SZ. Metallothionein expression in mouse immune organs induced by radiation. J Radiat Res Radiat Proces. 2000, 18(4):308-311. [Abstract]  To explore the effect of ionizing radiation on the expression of metallothionein (MT) in immune organs，the 109Cd-hamoglobulin affinity assay was employed to measure the content of MT in tissues. The dose effect relationship of the MT expression in mouse thymus and spleen was investigated 16 h after exposure to 0.5, 1, 2, 4 and 6 Gy whole body irradiation (WBI). And the time course changes in MT expression in mouse thymus and spleen were also determined at different time intervals after 4 Gy WBI. The results showed that the MT content in mouse thymus was significantly increased 16 h after 4 Gy and 6 Gy irradiation compared with that in sham-irradiated mice (P<0.05, respectively). And it was found that the MT content in mouse thymus was also increased significantly from 4 h to 48 h after 4 Gy irradiation compared with that in sham-irradiated mice (P<0.05~P<0.001). However，there were no markedly changes for the MT expression in the mouse spleen after exposure to X-rays. These results mentioned above suggest that the MT expression in immune organs could be induced by X-rays，which may be tissue-specific.

3. Wan H, Su X, Liu SZ Effect of low dose radiation on expression of Fos protein in mouse thymocytes. J Radiat Res Radiat Proc 2000，18（4）：296-298 [Abstract] The purpose of the present study was to observe the changes of expression of Fos protein using immunohistochemistry and image analysis as well as flow cytometry. The results showed that the expression of Fos protein incresed rapidly in mouse thymocytes after whole body irradiation (WBI) with 75 mGy X rays. It reached the peak value at 24 h, and then gradually returned to the basic level. These findings were in accordance with our previous observation of the effect of low dose radiation on transcription level of c-fos mRNA in mouse thymocytes. The results indicate that low dose radiation could enhance the function of immune cells.

4. Ye F, Liu SZ. Effect of whole-body irradiation on cell cycle progression of thymocytes in mice. Radiat Protect 2000，20：189-192 [Abstract] The effects of whole-body X-irradiation (WBI) with various doses on cell cycle pogression of thymocytes in mice were investigated using flow cytometry. The results show that DNA synthesis was stimulated at 24~72 h after 75 mGy irradiation, reaching the level of sham-irradiated group on day 7. Meanwhile, after WBI with 2.0 Gy X-rays DNA synthesis was suppressed with significant G2 block beginning from 4 h and reaching its peak at 12 h, but the cell cycle progression was accelerated at 72 h and returned to the level of sham-irradiatied group on day 7. After WBI with 50 mGy X-rays, the progression of cell cycle of thymocytes from G0/G1 to S was promoted and DNA synthesis was enhanced. However, G1 block began to occur with 100 mGy. The number of S phase thymocytes decreased in a dose-dependent manner and the number of G0/G1 phase cells increased after WBI with 0.5～4.0 Gy. In the same dose range, the number of G2/M phase cells increased in a dose-dependent manner. These data suggest that DNA synthesis is suppressed with occurrence of both G1 and G2 block. The study shows that the threshold dose for G1 block was 0.1 Gy in thymocytes after WBI and that for G2 block was 1 Gy.
5. Wu CM, Li XY, Liu SZ. Construction of pEgr.P-TNFα and its expression in NIH3T3 cells induced by ionizing irradiation. Chin J Radiol Med Radiol Prot，2001，21(5):332-334. 【Abstract】　Objective 　To isolate and amplify Egr-1 promoter, construct pEgr.P-TNFα and study its response to different doses of ionizing radiation. Methods 　Egr-1 promoter was isolated from genomic DNA by PCR to construct pEgr. P-TNFα expression plasmid. Plasmids were transfected into NIH3T3 cells with lipsome and the expression level of TNFα was detected by ELISA after irradiation with different doses of X-rays. Results 　The sequence of Egr-1 promoter obtained was essentially the same as reported. Egr-1 promoter and TNFα cDNA was inserted into expression vector correctly. Eight hours after irradiation with different doses (0.075~10 Gy) of X-rays, the expression level of TNFα was higher than that of non-irradiated group (P < 0.05～0.001) . Conclusion 　Egr-1 promoter can be activated by ionizing irradiation and regulate the expression of downstream gene. Low dose irradiation (0.075 Gy) is for the first time found to be able to induce gene expression downstream of Egr-1 promoter. The observation may be of potential significance in tumor therapy.
6. Fu HQ, Luo C, Fu SB and Ju GZ. Effect of ionizing radiation on the expression p53 and MDM2 in EL-4 cells.  J Radiat Res Radiat Proces. 2000, 18(3):208-211. [Abstract]  To explore the molecular mechanism of G1 arrest of EL-4 cells induced by whole body irradiation(WBI)，flow cytometry (FCM) and Northern blot were used to analyze p53，MDM2 gene expressions of EL-4 cells after irradiation with X-rays. Results show that the p53 protein level of EI-4 cells increased from 2 to 24 h，and the MDM2 protein level of EI-4 increased from 4 to24 h after 4 Gy irradiation with X-rays. Meanwhile, the MDM2 mRNA level was significantly increased 4 h after irradiation. Conclusion these results suggest that there was a feed back loop between p53 and MDM2 protein in EL-4 cells after irradiation with X-rays, which made G1 arrest cells reenter cell cycle.

7. Fu HQ, Ju GZ, Luo C, Fu SB. Effects of ionizing radiation on MDM2 mRNA and protein expressions of thymocytes and splenocytes in mice. J N Bethune Univ Med Sci. 2000, 26(3):226-228.  [Abstract]  Objective To explore the molecular mechanism of G1 arrest of thymocytes and splenocytes in mice induced by whole body irradiation (WBI).  Methods Flow cytometry (FCM) and dot blot were used to analyze MDM2 mRNA and protein expressions of thymocytes and splenocytes in Kunming mice after whole body irradiation (WBI) with x-rays.  Results The expressions of MDM2 protein of thymocytes in mice increased from 4 h to 8 h after 2 Gy WBI. There were no significant changes of MDM2 mRNA level of thymocytes and splenocytes from 0 to 48 h after 75 mGy or 2 Gy WBI. No changes of MDM2 mRNA level were also found in thymocytes or splenocytes of mice 4 h after 0~6 Gy WBI.  Conclusion These results suggest that ionizing radiation could induce MDM2 protein expression and make G1 arrest cells reenter cell cycle.

8. Sun YM, Liu SZ. Changes of IL-1( in mouse peritoneal macrophages after whole-body X-irradiation. Radiat Protec 2000，20：348-350 [Abstract] Bioassay was used to examine the activity of IL-2( in mouse peritoneal macrophages following whole-body irradiation (WBI) with 0.075 Gy and 2.0 Gy. The activity of IL-2( was increased to 1.72 fold of sham-irradiated control from 6 h to 24 h after WBI with 75 mGy and returned to the control level 7 days after irradiation. The biological activity of IL-2( reached its peak at 24 h after WBI with 2.0 Gy and it was significantly increased at 24 h after WBI with 0.075, 0.2, 0.5, 1.0, 2.0 and 4.0 Gy.

9. Sun YM, Liu SZ. Changes in tumor necrosis factor α (TNFα) expression in mouse peritoneal macrophages. J Radiat Res Radiat Proc 2000, 18: 236-239 [Abstract] The TNF-mcdiated L929 cell toxicity bioassay was used to examine the expression of TNFα in mouse peritoneal macrophages following whole-body irradiation (WBI). The expression of TNFα gradually increased after WBI with 0.075 Gy, reaching its peak at 12 h. The expression of TNFα gradually increased from 3 to 120 h after WBI with 2 Gy. The expression of TNFα was significantly increased at 24 h after WBI with 0.05, 0.075, 0.1, 0.2, 0.5, 1.0 and 2.0 Gy. The expression of TNFα increased most markedly in the group irradiated with 0.5 Gy. WBI with 4.0 and 6.0 Gy caused significant suppression of TNFα by the peritoneal macrophages.
10. Sun YM，Liu SZ. Effect of whole body X-irradiation on production of nitric oxide in peritoneal macrophages of mice. Chin J Radiol Med Radiol Protec 2000, 20: 232-234 [Abstract] Objective To disclose the changes of nitric oxide (NO) in murine peritoneal macrophages at different time intervals after whole body irradiation (WBI) with 75 mGy and 2.0 Gy X-rays and the changes of NO and inducible nitric oxide synthase (iNOS) 24 hours after WBI with 0.05-6.0 Gy X-rays. Methods Immunohistochemistry and spectophotometry were used. Results The expression of iNOS and the production of NO increased in a dose-dependent manner after irradiation. The production of NO increased from 6 h to 48 h and reached its peak at 48 h，which was 3.8-fold of sham-irradiated control. Conclusion 　Ionizing radiation stimulates expression of iNOS and production of NO in peritoneal macrophages of mice.
11. Liu SZ, Xie F. Adenylate cyclase signaling in the activation of thymocytes in response to whole-body irradiation with low dose X-rays. Chin Med Sci J, 2000, 15: 1-7 [Abstract] Objective. To study the molecular mechanism of the stimulatory effect of low dose radiation (LDR) on T cell activation. Methods. Thymocytes from Kunming mice exposed to whole-body irradiation (WBI) with different doses of X-rays were analyzed for the changes in signal molecules of the phospholipase C-phosphatidylinositol biphosphate (PLC-IP2) and G protein-adenylate cyclase (AC) pathways. Results. It was found that [Ca2+]i increased in response to doses within 0.2 Gy which was most marked after 0.075 Gy and the increase was accentuated in the presence of Con A. The changes in CD3 and calcineurin (CN) expression of the thymocytes followed the same pattern as the alterations in [Ca2+]i after I.DR. The expression of α, β1 and β2 isoforms of protein kinase C (PKC) was all up-regulated after 0.075 Gy with the increase in PKC-β1 expression being most marked. The eAMP/cGMP ratio and PKA activity of the thymocytes was lowered after low dose radiation and increased after doses above 0.5 Gy in a dose-dependent manner, thus giving rise to J-shaped dose-response curves. The Ca antagonist TMB-8 and cAMP stimulant cholera toxin suppressed the augmented thymocyte proliferation induced by LDR. Conclusion. Data presented in the present paper suggest that activation of the PLC/PIP2 signal pathway and suppression of the AC-cAMP signal pathway are involved in the stimulation of the thymocytes following WB1 with low dose X rays.
12. Liu SZ, Bai O. On mechanistic studies of immune responses following low-dose ionizing radiation. Biological Effects of Low Dose Radiation (Eds. Yamada T, Mothersill C, Michael BD and Potten CS), Amsterdam: Elsevier, 2000, 129-135. (Excerpta Medica International Series 1211) [Abstract] The present paper reviews the low-dose radiation (LDR)-induced intercellular reactions in the immune organs and their molecular basis. There exist delicate interactions between the lymphocytes and the accessory cells by direct contact via surface molecules as well as by paracrine and autocrine action via secretion of cytokines and growth factors. These events were found to be activated after LDR. The multiple signal transduction pathways activated in the immune cells led to positive and negative regulation of cellular processes forming a complex signal transduction network. Whole-body irradiation (WBI) with low-dose X-rays caused facilitation of these pathways with enhanced expression or increased activity of some important signal molecules and suppression of others leading to induction of genes related to lymphocyte survival and proliferation. The present state of knowledge indicates that more work has to be done on the effect of different doses of ionizing radiation on these regulatory mechanisms within the immune system. It is emphasized that in a complex organism there exist defense and adaptive mechanisms at the molecular and cellular (as well as systemic) levels which produce a response to ionizing radiation, and these have to be considered as a whole in mechanistic studies of the biological effects of low level exposures.
13. Chen SL, Cai L, Meng QY, Su X, Wan H, Liu SZ. Low-dose whole-body irradiation (LD-WBI) changes protein expression of mouse thymocytes: Effect of a LD-WBI-enhanced protein RIP10 on cell proliferation and spontaneous or radiation-induced thymocyte apoptosis. Toxicol Sci 2000，55, 97-106. [Abstract] Low-dose radiation (LDR) can potentiate cellular metabolic activities or immune functions in vivo (hormesis), and can render cells resistant to DNA or chromosome damage caused by subsequent high-dose radiation (adaptive response). Protein synthesis was required for these cellular responses to LDR. In the present study, the early expression of proteins by thymocytes in response to low-dose whole-body irradiation (LD-WBI) was investigated. The expression of novel and previously existing proteins was found in the nucleus, cytoplasm, and extracellular fluid of thymocytes at 4 hours after WBI with 75-mGy X-rays. A 10 kD protein (RIP10) was seen in the cytoplasm of thymocytes after LD-WBI was further investigated. The fraction containing RIP10 separated by Sephadex G 100 gel filtration potentiated spontaneous thymocyte, and mitogen-induced splenocyte, proliferation. Western blotting demonstrated that an anti-RIP10 antibody could react with a 10-kD cytoplasm protein and also with a 13-kD nuclear protein in thymocytes at 4 h after LD-WBI. Immunocytochemical staining showed the existence of RIP10 in several immune tissues including thymus, spleen, and lymph node. RIP10 expression, as determined by immunocytochemical staining and flow cytometry, was enhanced at 4-8 h after LD-WBI. Cell-cycle arrest (G0/G1 block with decreased percentage of S-phase cells), and increased levels of spontaneous or radiation-induced apoptosis were observed in thymocytes incubated with RIP10 antibody in vitro for 4 h or 24 h. These results directly demonstrated the role of RIP10 in modulating cell proliferation and apoptosis. This finding is important to understand the mechanisms underlying LDR-induced hormesis and adaptive response.

14. Chen SL, Meng QY, Liu SZ. Effect of ionizing radiation on protein expression in murine thymocytes. J NBUMS 2000，26（1）：4-6 [Abstract] Objective　Alterations of protein expression in cytosol and extracellular fluid and exchanges between intracellular and extracellular proteins of thymocytes in mice 4 hours after whole-body irradiation with 75 mGy X-rays were investigated. Methods　Two dimensional electrophoresis was used. Results　It was found that alterations of 12 proteins ranging in size from 10 to 53 kD with their pI distribution from 5.0 to 8.2 were displayed in the cytoplasmic fraction of thymocytes in irradiated mice, of which there were 5 novel proteins, 4 up-regulated proteins and 3 down-regulated proteins, and 5 proteins ranging in size from 32 to 67 kD with their pI distribution from 5.8 to 7.7 disappeared after irradiation. Alterations of 3 proteins ranging in size from 15 to 67 kD with their pI distribution from 5.1 to 8.2 were displayed in the extracellular fluid of thymocytes in irradiated mice, of which there were one novel protein, one up-regulated protein and one down-regulated protein, and 3 proteins ranging in size from 13 to 69 kD with their pI distribution from 5.0 to 8.0 disappeared after irradiation. It was shown that a protein molecule in the sham-rradiated cytosol of thymocytes appeared in the extracellular fluid after irradiation and a protein molecule in the sham-irradiated cytosol was decreased after irradiation and increased in the extracellular fluid. Two proteins in sham-irradiated extracellular fluid appeared in the thymocyte cytosol after irradiation. Conclusion  The results suggest that alterations of protein expression and exchanges of protein molecules occurred between intracellular and extracellular compartments after irradiation. These findings may have implications in the mechanism of immunoenhancement and adaptive response induced by low dose radiation. The elucidation of the nature and mode of action of these protein molecules remains to be clarified in future studies.
15. Gong SL, Liu SC, Liu JX, Zhang YC, Liu SZ. Dose-effect of adaptive response in apoptosis and cell cycle progression of thymocytes induced by low dose X-irradiation in mice. Radiat Protect, 2000, 20 (5): 294-298. [Abstract]  In the present study, male Kunming mice irradiated by whole-body with X-rays were used to observe the dose-effect of adaptive response in apoptosis and cell cycle progression of thymocytes induced by low dose radiation. The mice were irradiated with inductive doses (D1) of 25, 50, 75, 100 or 200 mGy and challenge dose (D2) of 1.0, 1.5 or 2.0 Gy, and divided randomly into 3 groups, namely, sham-irradiation, D2 and D1 + D2 groups. The results showed that for D1 + D2 group, the percentages of apoptotic bodies in thymocytes reduced in varying degrees. The G1 arrest and G2 arrest diminished and the number of cells with DNA synthesis of S phase increased, as compared with D2 group. When D1 reached 200 mGy, the adaptive response in apoptosis and cell cycle progression of thymocytes were no longer induced by low dose radiation. The results mentioned above indicate that when the mice were irradiated with 25~100 mGy (D1, 12.5 mGy/min) at 6 h before 1.0~2.0 Gy (D2, 0.287 Gy/min) exposure, the adaptive response in apoptosis and cell cycle progression of thymocytes may be induced under the condition of whole-body irradiation.
16. Meng QY, Chen SL, Liu SZ. Expression of proteins in mouse splenic cells after low dose radiation and their biological activity. Chin J Radiol Med Radiol Protec 2000, 20：228-231 [Abstract] Objective 　In order to investigate the mechanisms of the hormetic effect of low dose ionizing radiation, the induction of protein expression in mouse splenic cells after whole-body irradiation was studied. Methods 　Expression of proteins and their biological activity was detected using gel filtration and high performance liquid chromatography (HPLC) as well as mouse splenic lymphocyte proliferation with 3H-TdR incorporation and chromosome aberrations of human lymphocytes were observed. Results The changes in expression of three polypeptides with MW 18.5 kD, 17 kD and 50 kD were respectively detected in the crude extracts of the whole cell, cytoplasm and nucleus using HPLC. The 17 kD and 18.5 kD molecules were down-regulated, while the 50 kD molecule was up-regulated by low dose X-irradiation. The proliferative response of splenic lymphocytes from normal mice to Con A was significantly enhanced after the addition of protein fractions containing the reduced amount of 17 kD and 18.5 kD molecules, but not after the addition of the fraction containing increased amount of 50 kD molecules. The fractions with down-regulated expression of 18.5 kD protein and with up-regulated expression of 50 kD protein showed a protective effect on the chromosome damage caused by radiation. Conclusion The changes in expression of protein molecules might play an important role in the mechanism of radiation hormesis.
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17. Ju GZ, Fu HQ, Fu SB, Liu JX, Liu SZ. G1 arrest and relative protein expressions in mouse thymocytes induced by whole body X-ray irradiation. Biomed Environ Sci. 2001, 14(4):278-282. [Abstract]  Objective To investigate the molecular regulation of G1 arrest of mouse thymocytes induced by ionizing radiation.  Methods Cell cycle was analyzed by flow cytometry (FCM) following staining of cells with propidium iodide. Fluorescent staining and flow cytometry analysis were employed for measurement of protein expression.  Results It was demonstrated that G1 phase of mouse thymocytes increased significantly at 12 h after whole body irradiation (WBI) with the doses of 0.5, 1.0 and 2.0 Gy, and at 24 h following 2.0 Gy exposure, measured by FCM. In the time course experiment, it was found that G1 phase of thymocytes increased significantly at 4 h, reached a peak level at 24 h and came down toward 48 h after WBI with 2.0 Gy X-rays. The results also showed that after 2.0 Gy exposure, the expression of proteins in mouse thymocytes increased significantly from 1 h to 8 h for p53, for p21 from 4 h to 48 h, and for MDM2 at 4 h and 8 h, as measured by FCM. But no change was found for GADD45 protein expression.  Conclusion These results suggest that G1 arrest could be induced by a single dose of 0.5 Gy, 1.0 Gy or 2.0 Gy, and its molecular control might be established through the p53-p21 pathway.
18. Ju GZ, Fu HQ, Luo C, Fu SB. G1 arrest and the expressions of relative proteins in EL-4 cells induced by ionizing radiation. J Radiat Res Radiat Proces. 2001, 19(1):67-70. [Abstract]  To investigate G1 arrest and the expressions of relative proteins in EL-4 cells induced by ionizing radiation, flow cytometry (FCM) was used to analyze cell cycle through staining cells with propidium iodide (PI) . And FCM was also employed to analyze protein expression of EL-4 cells stained with monoclonal and polyclonal antibodies for their immunofluorescence. It was found that the number of EL-4 cells in G1 phase increased significantly 12-72 h after X-irradiation with doses of 2.0Gy and 4.0Gy. The results also showed significant increases of p53 protein expression at 2 h to 24 h (P<0·05-P<0·001), p21 protein expression at 2 h to 48 h (P<0·05-P<0·001), GADD45 protein expression at 2 h to 48 h (P<0·05- P<0·001), and MDM2 protein expression at 4 h to 24 h (P<0·05-P<0·001) after 4.0Gy X-irradiation. These results suggest that G1 arrest of EL-4 cells could be induced by ionizing radiation and the expression of p53, p21 and GADD45 proteins may play an important role in the mechanism.
19. Wu CM, Li XY, Liu SZ. Study on cloning of the Egr-1 promoter and its radiation-inducible property. J N. Bethune Univ Med Sci.，2001，27(1):6-8. [Abstract]　Objective: Egr-1 promoter was amplified and Egr-PGL plasmid was constructed to study the expression of luciferase in transfected NIH3T3 cells after different doses of X-ray irradiation. Methods: Egr-1p was amplified by PCR and inserted into PGL 3-E vector. The expression of luciferase induced by X-rays was studied by measuring the light of luciferase and substrate. Results: Egr-1 cDNA was obtained by PCR and was sequenced. The results indicated that the sequence was the same as reported in literature except G(C at 393 bp. The Egr-1p was connected with PGL 3 vector and was detected by electrophoresis. The constructs were used to transfect mouse NIH3T3 cells to characterize the regulatory function of Egr-1p after exposure to X-irradiation. The results indicate that the expression of luciferase of all groups irradiated (0.075 to 10 Gy) is highter than that of 0 Gy group. The expression in irradiated groups is 5-7.5 times greater than that of 0 Gy group.   Conclusion: Egr-1p obtained can induce the expression of its downstream gene after different doses of X-ray irradiation. The effect of low dose irradiation on Egr-1 induction may be important in tumor gene therapy.
20. Wu CM, Li XY, Liu SZ. Experimental study on anti-tumor effect of pcEgr-IFNγ gene-radiotherapy. Chin J Radiol Med radiol Prot，2001，21(4):236-238. 【Abstract】　Objective 　To study the anti-tumor effect of IFNγ gene-radiotherapy on murine melanoma and its immunologic mechanism. Methods 　pcEgr-IFNγ plasmids were injected locally into tumor and 36 hours later the tumors were given 20 Gy X-ray irradiation. Tumor growth at different times, IFNγ expression on day 3 and immunologic indexes on day 15 were detected. Results 　The tumor growth rate 3 - 15 days after pcEgr-IFNγ gene-radiotherapy was significantly slower than that of the group with irradiation alone and the group with gene therapy alone. Tumor IFNγ expression was higher than that of plasmid treatment alone group on day 3. NK activity as well as IL-2 and IFNγ secretion were significantly higher than those in the groups with genetherapy alone and with irradiation alone. Conclusion 　The anti-tumor effect of IFNγ gene-radiotherapy is better than that of either of them applied solely. Its mechanism might be related with the activation of anti-tumor immunologic functions, especially with higher expression of IFNγ induced by irradiation in the tumors.
21. Lv Z, Liu SC, Sun ZY, Fu SB, Gong SL. Time-effect of adaptive response of thymocyte apoptosis and cell cycle progression induced by low dose ionizing radiation in mice. Chin J Radiol Med Protect, 2001, 21 (4): 276-278. [Abstract]  Objective  In the present study we observed the general pattern of the adaptive response of thymocyte apoptosis and cell cycle progression induced by low dose radiation. Methods  Kunming male mice were irradiated with the inductive dose (D1, 75 mGy) and the challenging dose (D2, 1.5 Gy). The intervals between D1 and D2 were 3, 6, 12, 24 and 60 hours separately. The changes of thymocyte apoptosis and cell cycle progression were measured with flow cytometry. Results  When the intervals between D1 and D2 were 3, 6 and 12 hours, the percentages of apoptotic cells in D1 + D2 groups were significantly lower than those in D2 groups (P < 0.05), and the percentages of G0/G1 and G2 + M phase cells decreased in varying degrees, while the percentages of S phase cells increased significantly (P < 0.05 or P < 0.01). Conclusion  The results mentioned above indicate that when the mice were irradiated with 75 mGy (D1, 12.5 mGy/min) 3 − 12 hours before 1.5 Gy (D2, 0.287 Gy/min) exposure, the adaptive response of thymocyte apoptosis and cell cycle progression could be induced under the condition of whole-body irradiation.
22. Fu HQ, Ju GZ, Su X, Fu SB. Effect of ionizing radiation on p53 gene. Radiation Protection. 2001, 21(2):89-92. [Abstract]  To elucidate the molecular mechanism of G1 arrest induced by ionizing radiation, flow cytometry (FCM) and Northern blot were used to analyze p53 gene mRNA and protein expressions of thymocytes and splenocytes in Kunming mice after whole body irradiation (WBI) with x-rays. The results indicated that the percentages of p53+ cells of thymocytes in mice increased at 1 h to 8 h after 2.0 Gy WBI. There were not significant changes of p53 mRNA level of thymocytes and splenocytes from 1 h to 48 h after 75 mGy or 2.0 Gy WBI. No dose-dependent effect was found of p53 mRNA level of thymocytes or splenocytes in mice 4 h after from 0.5 to 6. 0 Gy WBI. These results suggested that ionizing radiation could induce p53 protein expression via post-transcriptional mechanism.

23. Fu HQ, and Ju GZ. The role of [Ca2+]i mobilization of splenocytes in immune adaptive response induced by low dose radiation. Radiat Protec. 2001, 21(2):115-118. [Abstract]  To elucidate the role of [Ca2+]i mobilization of splenocytes in immune adaptive response induced by low dose radiation , dose effects and adaptive response of intracellular [Ca2+]i of splenocytes in Kunming mice following whole body irradiation (WBI) with X-rays were studied by using fura-2 as a fluorescent indicator. Results indicated that WBI with 1.0~6.0 Gy X-rays could decrease the [Ca2+]i of splenocytes in a dose-dependen manner 24 h after irradiation in mice. However, [Ca2+]i of splenocytes in mice irradiated with 0.075~0.2 Gy X-ray WBI was significantly higher than that irradiated with 0 Gy. Pre-irradiation with 0.075 Gy WBI could markedly reduce the inhibition of [Ca2+]i in splenocyte by 2.0 Gy WBI. In conclusion, [Ca2+]i  mobilization in T lymphocyte might play an important role in immune adaptive response induced by low dose radiation.

24. Ye F, Liu SZ. Effect of whole-body irradiation with X-rays on cyclin B1 and cdc2 transcription level of splenocytes in mice. J Radiat Res Radiat Proc 2001，19：181-185 [Abstract] The changes in cyclin B1 and cdc2 transcription level of splenocytes in mice were observed after WBI with low and high doses of X-rays. The results showed that cyclin B1 mRNA expression slightly increased at 2 h and 12 - 24h after 75 mGy X rays, being 1.25, 1.27 and 1.22 times of sham-irradiated group, returning to sham - irradiated level at 48 h. However, cyclin B1 mRNA began to decrease at 4 h after irradiation with 2.0 Gy X rays, reaching its lowest level at 12 h, with a decrease of 39%, and gradually returning to the level of sham-irradiated control. In addition, we observed the time course of cdc2 mRNA expression. The results showed that there were no changes in cdc2 mRNA expression at 2 ~48 h after 75 mGy WBI, but the time course of cdc2 mRNA expression with 2.0 Gy WBI was the same as cyclin B1 after the same dose. The results indicated that low dose irradiation could induce an increase in cyclin B1 transcription level, accelerating the progression of cell cycle, but did not affect the expression of cdc2 gene. In contrast, high dose irradiation could induce the decrease in expression of the above two factors, with marked G2 arrest.
25. Ye F, Liu SZ. Effect of whole-body irradiation with X-rays on cyclin B1 and p34cdc2 protein expression in mouse thymocytes. Radiat Protect 2001，21：365-368 [Abstract] The effects of whole-body X-irradiation (WBI) with low and high doses on Cyclin B1 and p34cdc2 protein expression in the thymocytes of mice were studied using immunohistochemistry. The results showed that in comparison with the control group cyclin B1 protein expression increased at 8 h after WBI with 75 mGy, reaching its peak at 12 h followed by its return to normal level at 48 h. Cyclin B1 protein expression decreased at 4 h after WBI with 2 Gy, reaching its lowest level at 12 h, followed by a return to the control level at 48 h. At the same time, the changes of p34cdc2 protein expression were observed. In comparison with the control group, there were no changes in p34cdc2 protein expression after WBI with 75 mGy, the time course of p34cdc2 protein expression after WBI with 2 Gy was the same as cyclin B1 after the same dose. The results indicated that low dose radiation could induce the increase of cyclin B1 protein expression accompanied with acceleration of cell cycle progression. In contrast, high dose irradiation could induce a decrease of expression of both proteins finally resulting in G2 arrest.
26. Liu SZ, Jin SZ, Liu XD, Sun YM. Role of CD28/B7 costimulation and IL-12/IL-10 interaction in the radiation-induced immune changes. BMC Immunology. 2001, 2: 8  (http://www.biomedcentral.com/1471-2172/2/8)
[Abstract] Background: The present paper aims at studying the role of B7/CD28 interaction and related cytokine production in the immunological changes after exposure to different doses of ionizing radiation. Results: The stimulatory effect of low dose radiation (LDR) on the proliferative response of lymphocytes to Con A was found to require the presence of APCs. The addition of APCs obtained from both low- and high-dose-irradiated mice to splenic lymphocytes separated from low-dose-irradiated mice caused stimulation of lymphocyte proliferation. B7.1/2 expression on APCs was up-regulated after both low and high doses of radiation. There was up-regulation of CD28 expression on splenic and thymic lymphocytes after LDR and its suppression after high dose radiation (HDR), and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) expression showed changes in the opposite direction. IL-12 secretion by macrophages was stimulated after both low and high doses of radiation, but IL-10 synthesis by splenocytes was suppressed by low dose radiation and up-regulated by high dose radiation. Conclusion: The status of CD28/CTLA-4 expression on T lymphocytes in the presence of up-regulated B7 expression on APCs determined the outcome of the immune changes in response to radiation, i.e., up-regulation of CD28 after LDR resulted in immunoenhancement, and up-regulation of CTLA-4 associated with down-regulation of CD28 after HDR led to immunosuppression. Both low and high doses of radiation up-regulated B7.1/2 expression on APCs. After LDR, the stimulated proliferative effect of increased IL-12 secretion by APCs, reinforced by the suppressed secretion of IL-10, further strengthened the intracellular signaling induced by B7-CD28 interaction.

27. Jin SZ, He SJ, Liu SZ. Effect of different doses of X-rays on the expression of CD80 and CD86 on mouse macrophages. J Radiat Res Radiat Proc 2001, 19:153-157 [Abstract] The effect of X-irradiation on CD80 and CD86 expression on peritoneal macrophages of mice after whole-body irradiation (WBI) and in J774A.1 mouse macrophage cells line irradiated in vitro was studied with immunohistochemistry (ABC method). Results showed that the up-regulation of CD80 expression induced by WBI and in vitro irradiation with 2 Gy X-rays appeared earlier than that with 0.075 Gy X-rays, but no significant difference was found in the response of CD86 to these doses. The study on the dose-effect relationship showed that the expression of both CD80 and CD86 reached its peak at 0.075 Gy after WBI as well as in vitro irradiation with X-rays. The doses inducing the second peak of CD80 and CD86 upregulation were higher in the case of WBI in comparison with the in vitro irradiation. The results suggested that the up-regulation of expression of B7 molecules after irradiation may be an important factor involved in the enhancing effect of low dose radiation on immunity.

28. He SJ, Liu SZ. The relation between activation of different dimers of NF-(B and radiation-induced apoptosis. Foreign Med: Radiat Med & Nucl Med 2001，25: 74-77 [Abstract] NF-(B used to be considered as a surviving factor, conferring vigorous resistance to cells against radiation-induced apoptosis. However, recent research gradually disclosed that combination of different subunits of NF-(B may have different, even opposite, effects. Further investigation in more depth would undoubtedly provide theoretical basis for the understanding of the mechanism of the depressive effect of medium to high doses of radiation on immunity and valuable new information for clinical radiotherapy of tumors.
29. He SJ, Xie F, Liu SZ. Activation of CREB induced by X-rays and its relation with cAMP signal pathway. J Radiat Res Radiat Proc 2001, 19: 138-140 [Abstract]　To measure the changes in DNA binding activity of CREB and the ratio of cAMP/cGMP in thymocytes after whole body irradiation (WBI) with X rays, as well as to discuss the relationship of the activation of CREB with cAMP signal pathway. Changes in DNA binding activity of CREB and the concentration of cAMP and cGMP in mouse thymocytes were respectively assayed by electrophoresis mobility shift assay (EMSA) and competitive protein binding assay. The activity of CREB DNA-binding was upregulated after irradiation with larger doses of X rays (0.5~6.0 Gy), with the upregulation being most significant after irradiation with 2.0 Gy X rays. Following WBI with 0.075Gy, there was only a brief decrease followed by slight increase in the DNA binding activity of CREB, while the decrease in cAMP/cGMP ratio reached the lowest value at 24h. These results suggested that the slight increase in the DNA binding activity of CREB observed after irradiation with 0.075 Gy may not involve the cAMP signal pathway, while the latter was probably involved in the marked increase in the DNA binding activity of CREB induced by WBI with higher doses of X rays.

30. Liu XD , Liu SZ , Ma SM , Liu Y. Changes in opposite directions for the expression of IL-10 and IL-12 after low dose irradiation. J Radiat Res Radiat Proc 2001, 19: 283-288 [Abstract] To observe the effects of LDR on the synthesis of IL-10 in splenocytes and the secretion of IL-12 by peritoneal macrophages. Northern blot and flow cytometry were adopted to detect the changes of IL-10 at mRNA and protein level, respectively. Northern blot and ELISA were used respectively to examine the changes of IL-12p35/p40 mRNA and IL-12p70 protein levels. In splenocytes IL-10 mRNA decreased significantly, while both IL-12 p35 and p40 subunits in macrophages increased after WBI with 75 mGy X rays. Meanwhile, IL-10 synthesis in splenocytes decreased beginning from 4 h after exposure and remaining at low level up to 48 h, and IL-12 secretion by macrophages was found to take an opposite direction. WBI with 75 mGy X rays may suppress IL-10 both at the mRNA level and protein level and stimulate IL-12 expression simultaneously, and this would lead to a shift of the immune response in favour of TH1 differentiation.
2002

31. Ju GZ, Ma SM, Fu SB and Liu SZ. Effect of X-irradiation on bone marrow cell cycle. Chin J Prev Med. 2002, 3(2):87-88. [Abstract]  Objective To investigate the effect of whole body X-irradiation with different doses on bone marrow cell cycle.  Methods Cell cycle was analyzed by flow cytometry (FCM) following staining of cells with propidium iodide (PI).  Results It was found that G1 and G2 phases of bone marrow cells increased significantly at 12 h after whole body irradiation (WBI) with the doses of 1.0 , 2.0, 4.0 and 6.0 Gy, whereas S phase cells decreased at the same time. However, S phase was increased significantly at 72 h following 0.05, 0.075, 0.1 and 0.2 Gy low dose X-irradiation.  Conclusion These results suggest that G1 and G2 arrest could be induced by X-irradiation with the doses above 0.5 Gy. S phase was found to be stimulated by low dose X-rays below 0.2 Gy.

32. Ju GZ, Ma SM, Fu SB and Liu SZ., Effect of ionizing radiation on bone marrow cell cycle and Its molecular regulation. Chin J Radiol Med Prot. 2002, 22(5):342-343. [Abstract]  Objective To investigate the effect of ionizing radiation on bone marrow cell cycle and its molecular regulation.  Methods Cell cycle was analyzed by flow cytometry (FCM) following staining of cells with propidium iodide (PI). Fluorescent staining and flow cytometry analysis were employed for measurement of protein expression.  Results It was found that G1 and G2 phase cells of bone marrow cells increased significantly at 12 h after whole body irradiation (WBI) with the doses of 1.0 , 2.0, 4.0 and 6.0 Gy. It was also shown that with the increase of G1 phase cells the protein expressions of p53 and p21 also increased significantly following 2.0 Gy WBI X-irradiation, whereas the protein expressions of cyclin D1 and CDK4  decreased significantly.  Conclusion These results suggest that G1 arrest could be induced by X-rays and its molecular control might be established through the p53-p21 pathway.

33. Jin SZ, Liu SZ. Effect of whole-body X-irradiation on the expression of costimulatory molecules on immune cells　Chin J Radiol Med Protect 2002，22：256-259 [Abstract] Objective To study the effect of ionizing radiation on costimulatory molecules on immune cells. Methods Flow cytometry (FCM) was used to detect the changes in the expression of CD28/CTLA-4 of thymocytes and splenocytes after whole-body irradiation (WBI) with different doses of X-rays. Immunohistochemistry (IHC, ABC method) was used to detect the changes in the expression of B7.1 and B7.2 on peritoneal macrophages after WBI with different doses of X-rays. Results The results showed that 0.075 Gy X-rays caused significant up-regulation of CD28 on both thymocytes and splenocytes and down-regulation of CTLA-4 expression, which was more significant on the splenocytes. After 2 Gy irradiation the expression of CTLA-4 on both thymocytes and splenocytes was significantly up-regulated with down-regulation of CD28 expression, which was more significant on the splenocytes. The dose-effect studies showed that there was no change in the expression of CTLA-4 on the thymocytes 72 h after LDR, while 2 and 4 Gy caused apparent increase in the expression of CTLA-4 (P<0.05, P< 0.01). For splenocytes, LDR caused no changes in the expression of CTLA-4 4 h after irradiation, while higher doses could increase the expression of CTLA-4 significantly (P<0.05, P<0.01). The expression of B7.1 and B7.2 on peritoneal macrophages increased after both 0.075 Gy and 2 Gy X-rays. The increase in B7.2 expression preceded that of B7.1 expression after 0.075 Gy and lasted longer than that after 2 Gy irradiation.  Conclusion Up-regulation of expression of costimulatory molecules CD28 and B7 after whole-body X-irradiation may be an important factor involved in the enhancing effect of low dose radiation on immunity.
34. Liu XD ,Ma SM ,Liu SZ. Effects of ionizing radiation on IL-12 and NF-κB activities in peritoneal macrophages of mice. Chin J radiat Med Radiat Protec 2002，22（1）：7-10 [Abstract] Objective To observe the changes of IL-12 and NF-κB in murine peritoneal macrophages after whole-body irradiation (WBI) with different doses of X-rays. Methods Enzyme-linked immunosorbent assay (ELISA) and electrophoresis mobility shift assay(EMSA) were used to detect the secretion of IL-12 and the DNA-binding activity of NF-κB, respectively. Results ELISA data indicated both 0.075 Gy and 2 Gy increased the secretion of IL-12 and the latter seemed to increase IL-12 more than the former. EMSA showed two bands representing p65/p50 and p50/p50，respectively. 0.075 Gy increased the p65/p50 activity and showed little effect on p50/p50，while 2 Gy increased both the two dimers. Conclusion The results suggested that NF-κB activation might be involved in the radiation-induced changes of IL-12.
35. He SJ, Jin SZ, Liu SZ Effect of X-irradiation on DNA binding activity of NF-(B in EL-4 cells. Radiat Protec 2002, 22: 20-25 [Abstract] Changes in time course of the DNA-binding activity of NF-(B as well as the subcellular localization of p65 subunit and expression of I(Bα in EL-4 cells after irradiation with 2 Gy and 0.075 Gy X-rays were examined using electrophoresis mobility shift assay (EMSA ) and immunohistochemistry (IHC), respectively. Results showed that the increases in DNA-binding activity of NF-(B p50/p50 and p50/p65 were induced by both 0.075 Gy and 2 Gy X-rays. However, the amplitude of the increase in activity of the two dimers was different after irradiation with the two doses of X-rays. After irradiation with 0.075 Gy, the increase in p50/p65 activity was higher than that of p50/p50 activity. After irradiation with 2 Gy, the situation was reversed. Irradiation with both 2 Gy and 0.075 Gy induced an increase in the rate of p65 nuclear translocation and the degradation of I(Bα before the increase of its expression, but the degree of these changes after different doses of irradiation was different. These results suggest that the transcriptional regulation of NF-(B changes with irradiation dose and results in the difference in responses of the cells.
36. Liu GW, Li PW, Liu SC, Gong SL. Adaptive response of spermatogenic cell apoptosis induced by low dose X-ray irradiation in mice. Chin J Radiol Med Protect, 2002, 22 (5): 322-325. [Abstract]  Objective  To study the adaptive response of spermatogenic cell apoptosis induced by whole-body X-ray irradiation with low doses in male Kunming mice. Methods  The spermatogenic cell apotosis induced by 75 mGy X-ray irradiation during spermatogenic cell cycle was measured by using the methods of terminal deoxyribonucleotide transferase-mediated dUTP-bictin nick end labeling (TUNEL) and HE staining. Results  When an inductive dose (D1) of 75 mGy was given or not at 6 h before the challenging dose (D2) of 1.0, 2.0 or 3.0 Gy, the apoptotic percentages of the spermatogonia and spermatocytes in the D1 + D2 groups were declined rapidly as compared with those in the D2 alone groups, and the apoptotic percentages of spermatids showed no significant changes. When the inductive dose (D1) 75 mGy was given at 3, 6, 12 and 24 h before the challenging doses (D2) of 1.0, 1.5, 2.0, 2.5 and 3.0 Gy, the apoptotic percentages in spermatogonia and spermatocytes reduced early and significantly and continued for a longer duration under smaller D2 doses (1.0, 1.5 and 2.0 Gy). However, the apoptotic percentages reduced only at 6 h after whole-body irradiation under larger D2 doses (2.5 and 3.0 Gy), and were not significant. Conclusions  The adaptive response of apoptosis in spermatogonia and spermatocytes could be induced by low dose X-ray irradiation. The effect could closely relate to D2 doses and the interval time between D1 and D2.
37. Jin SZ , Liu XD, Liu SZ. Effects of Different Doses of X-Irradiation on NF-κB Expression in Peritoneal Macrophages of Mice. J Jilin Univ (Med Ed), 2002, 28(4): 335-337. [Abstract] Objective To study the effect of different doses of X-irradiation on NF-κB activation in peritoneal macrophages of mice. Methods Electrophoresis mobility shift assay (EMSA) was used to separate the bands of NF-κB protein combined with isotope-labeled DNA probe, the results were analysized by PhosphorImager scaning system. Results The binding activities of NF-κB protein to DNA began to increase 4 h after whole-body irradiation (WBI) with 0.075 Gy X-rays, followed by gradual return to the sham-irradiation level at 48 h while after the treatment of 2 Gy X-rays, the binding activities of NF-κB protein to DNA began to increase at 8 h, sustaining at higher level up to 48 h. Conclusion Both low dose and high dose irradiation could induce the NF-κB activation in peritoneal macrophages of mice.
38. He SJ, Ye F, Liu SZ. Relationship between X-ray-induced activation of transcription factors and apoptosis. Chin J Radiol Med Radiol Protec 2002，22：4-6 [Abstract] Objective To investigate the role of activation of transcription factors in the induction of apoptosis of immune cells after whole-body irradiation (WBI) with X-rays by comparing the time course of the changes of DNA-binding activity of several transcription factors and that of apoptosis in mouse thymocyte after 2 Gy X-rays. Methods The dynamic changes of the activity of transcription factors NF-κB, CREB and OCT-1, as well as thymocyte apoptosis after whole body irradiation with 2 Gy X-rays were respectively examined with electrophoresis mobility shift assay (EMSA) and flow cytomentry (FCM) . Results 　There was a significant distinction between the changes of DNA-binding activity of the two dimers of NF-κB (p50/p50 and p50/p65) in thymocytes after WBI with 2 Gy X-rays, with significant increase in the binding activity of NF-κB homodimer p50/p50. In addition, the activity of CREB and OCT-1 also increased significantly. Their activity peaks at 4-12 h after WBI coincided well with the peaking time of thymocyte apoptosis. Conclusions 　WBI with 2 Gy X-rays mainly induces the activation of NF-κB homodimer p50/p50. The results suggest that the three transcription factors including NF-κB p50/p50, CREB and OCT-1 might act synergistically in the induction of apoptosis in thymocytes after WBI with 2 Gy X-rays.
2003

39. Jin GH, Tian M, Jin SZ, Liu SZ. Cloning and Sequencing of Mouse IL-18 and Construction of Recombinant Plasmid pIRES- IL-18-B7.1. J Jilin Univ (Med Ed) 2003，29：125-127 [Abstract]　Objective: To clone the sequence of the cDNA of mouse IL-18 coding area and construct its expression vector. Methods: Using mouse splenocyte mRNA as template to obtain full length mIL-18 with the technique of RT-PCR followed by automatic sequencing of pMD18T-mIL-18 and to construct a recombinant plasmid containing mIL-18 and B7.1 genes with recombinant DNA technique. Results: Sequencing proved the cloned mIL-18 cDNA to be completely identical with that reported in the literature and the recombinant plasmid containing mIL-18 and B7.1 was constructed successfully. Conclusion: mIL-18 cDNA was successfully cloned and an expression vector pIRES-IL-182B7.1 was constructed.
40. Liu SZ. Nonlinear Dose-Response Relationship in the Immune System Following Exposure to Ionizing Radiation: Mechanisms and Implications Nonlinearity in Biol Toxicol Med, 2003, 1: 71-92. [Abstract] The health effects of low-dose radiation (LDR) have been the concern of the academic spheres, regulatory bodies, governments, and the public. Among these effects, the most important is carcinogenesis. In view of the importance of immune surveillance in cancer control, the dose-response relationship of the changes in different cell types of the immune system after whole-body irradiation is analyzed on the basis of systemic data from the author's laboratory in combination with recent reports in the literature. For T lymphocytes J- or inverted J-shaped curves are usually demonstrated after irradiation, while for macrophages dose-response curves of chiefly stimulation with irregular patterns are often observed. The intercellular reactions between the antigen presenting cell (APC) and T lymphocyte (TLC) in the immunologic synapse via expression of surface molecules and secretion of cytokines by the two cell types after different doses of radiation are illustrated. The different pathways of signal transduction thus facilitated in the T lymphocyte by different doses of radiation are analyzed to explain the mechanism of the phenomenon of low-dose stimulation and high-dose suppression of immunity. Experimental and clinical data are cited to show that LDR retards tumor growth, reduces metastasis, increases the efficacy of conventional radiotherapy and chemotherapy as well as alleviates the suppression of immunity due to tumor burden. The incidence of thymic lymphoma after high-dose radiation is lowered by pre-exposure to low-dose radiation, and its mechanism is supposed to be related to the stimulation of anticancer immunity induced by low-dose radiation. Recent reports on lowering of standardized cancer mortality rate and all cause death rate of cohorts occupationally exposed to low-dose radiation from the US, UK, and Canada are cited.

41. Liu SZ. On radiation hormesis expressed in the immune system. Crit Rev Toxicol. 2003;33:431-441 [Abstract] Radiation hormesis is reviewed with emphasis on its expression in the immune system. The shape of the dose-response relationship of the immune functions depends on a number of factors, chiefly the target cell under study, experimental design with emphasis on the dose range, dose spacing, dose rate and temporal changes, as well as the animal strain. For mouse and human T lymphocyte functions in the dose range of 0.01 to 10 Gy a J or inverted J-shaped curve is usually observed. For the more radioresistant macrophages, stimulation of many of their functions is often observed in the dose range up to a few grays. The cellular and molecular mechanisms of the enhancement of immunity induced by low-dose radiation were analyzed on the basis of literature published in the last decade of the past century. Intercellular reactions among the APCs and lymphocytes via distinct changes in expression of relevant surface molecules and secretion of regulatory cytokines in response to different doses of radiation were described. The major signal transduction pathways activated in response to these intercellular reactions were illustrated. The suppressive effect of low-dose radiation on cancer induction, growth, and metastasis and its immunologic mechanisms were analyzed. The present status of research in this field gives strong support to radiation hormesis in immunity with low-dose radiation as one of the mechanisms of cancer surveillance. Further research with new techniques using microarray with biochips to fully elucidate the molecular mechanisms is suggested.
42. Jin SZ, He SJ, Liu SZ. Experimental studies on the activation of NF-κB and its signal pathway induced by low dose radiation. Chin J Radiol Med Radiol Protec 2003, 23: 408-410 [Abstract]  Objective To observe the effect of low dose radiation (LDR) on the activation of NF-κB and the possible mechanism of its signal transduction. Methods Electrophoretic mobility shift assay (EMSA) and immunohistochemistry were used to detect the changes of DNA-binding activity of NF-κB and the nuclear translocation of p65 in EL-4 cells, respectively. LipofectAMINE-mediated transient transfection was used to carry vacant plasmid and NF-κB-luciferase-containing plasmid into NIH3T3 cells, with and without the addition of PKC-specific blocking agent Calphostin C, to detect the expression of luciferase after irradiation. Results X-irradiation with 0.075 Gy increased the activities of p50/p65 and p50/p50 dimers, especially the former. The translocation of p65 into nuclei increased and IκBα exhibited the opposite changes. Calphostin C reversed the effect of 0.075 Gy radiation on the activity of NF-κB. Conclusion The activation of NF-κB induced by LDR might be effected via the PKC pathway resulting in the facilitation of the expression of cytokines and up-regulation of immune functions, which might be involved in the mechanisms of the hormetic effects of LDR.   
43. Liu XD, Ma SM, Liu SZ Changes of CD2 and CD48 expression in EL-4 and J774A.1 cell lines after different doses of X-irradiation. Chin J Radiol Med Radiol Protec 2003, 23：241-243 [Abstract]　Objective 　To observe the changes in the expression of CD2 on EL-4 and CD48 on J774A.1 cells after different doses of X-irradiation with time-course and dose-effect studies. Methods Flow cytometry (FCM) was adopted to detect the changes of CD2 and CD8 expressions. Results FCM data showed increased CD2 expression on EL-4 cells beginning from 4 h reaching its peak at 8-16 h after 0.075 Gy irradiation, while 2 Gy suppressed its expression from 4 h reaching its minimum at 8 h. Dose-effect results of CD2 expression revealed that 0.050 Gy and 0.075 Gy up-regulated its expression while 1~6 Gy induced reverse changes 8 h after exposure. Simultaneously, CD48 expression on J774A. 1 cells showed an earlier increase (4 h) and a later decrease (16~48 h) after 0.075 Gy irradiation, whereas 2 Gy irradiation led to a sustained decrease up to 48 h. Dose-effect studies of CD48 expression showed that 0.05-0.10 Gy up-regulated the expression of CD48 while 1~6 Gy down-regulated its expression significantly. Conclusion The different changes of CD2 expression on EL-4 cells and CD48 expression on J774A.1 cells after different doses of X-irradiation indicate that LDR exhibits an opposite effect to that of HDR.
44. Ju GZ, Wang XM, Fu SB and Liu SZ. Effect of ionizing radiation on p16 gene transcription and protein expression. Chin J Radiol Med Prot. 2003, 23(1): 4-6. [Abstract]  Objective To investigate the effect of ionizing radiation on p16 gene transcription and protein expression.  Methods Northern blot was employed to determine p16 mRNA level. Flow cytometry was used to measure p16 protein expression.  Results It was demonstrated that p16 mRNA level was markedly increased at 2-24 h in thymocytes and at 2-8 h in splenocytes, and p16 protein expression increased significantly at 8-48 h for thymocytes (P<0·05 to P<0·01) and at 24 h for splenocytes (P<0·05) after whole body X-irradiation with 2·0 Gy in mice. In the dose-effect experiments, it was found that p16 mRNA level increased with the increase of doses in thymocytes and splenocytes and the p16 protein expression was also increased significantly with the doses from 1.0 to 4.0 Gy for both thymocytes and splenocytes (P<0.05 to P<0.01).  Conclusion p16 gene transcription and protein expression could be up-regulated by X-rays and the tendency of increase varied with the radiation dose and cell type.

45. Ju GZ, Ma SM, Ye F, Fu SB and Liu SZ. Effect of different dose x-rays on cell cycle. Chin J Radiol Med Prot. 2003, 23(6):415-417. [Abstract]  Objective To investigate the effect of different dose x-rays on cell cycle.  Methods Cell cycle was analyzed by flow cytometry (FCM) following staining of cells with propidium iodide (PI).  Results It was found that the number in G1 and G2 phase cells of thymocytes, splenocytes and bone marrow cells increased significantly at 12-24 h after whole body irradiation (WBI) with the doses of 0.05-6.0Gy (P<0.05- P<0.001), whereas the number in S phase cells was decreased significantly at the same times (P<0.05- P<0.001). However, the number in S phase cells of thymocytes, splenocytes and bone marrow cells were increased significantly at 24-72 h following 0.05 and 0.075Gy low dose X-irradiation (P<0.05- P<0.01).  Conclusion These results suggest that G1 and G2 arrest of thymocytes, splenocytes and bone marrow cells could be induced by X-rays with the doses above 0.5Gy. And the proliferation of thymocytes, splenocytes and bone marrow cells could be stimulated by low dose X-rays with the doses of 0.05Gy and 0.075Gy.

46. Ju GZ, Wang XM, Fu SB and Liu SZ. Effect of ionizing radiation on the protein expressions of p16, CyclinD1 and CDK4 of thymocytes and splenocytes in mice. Chin J Radiol Med Prot. 2003, 23(6):399-401. [Abstract]  Objective To investigate the effect of ionizing radiation on the expressions of p16, CyclinD1 and CDK4 in thymocytes and splenocytes in mice.  Methods Fluorescent staining and flow cytometry analysis were employed for measurement of protein expressions.  Results It was found in time course experiments that the expression of p16 protein increased significantly at 8, 24 and 48 h in thymocytes (P<0.05, P<0.01 and P<0.05, respectively) and at 24 h in splenocytes (P<0.05) after whole body irradiation (WBI) with 2.0 Gy X-rays. However, the expression of CDK4 protein decreased significantly from 8 to 24 h in thymocytes (P<0.05~ P<0.01) and from 8 to 72 h in splenocytes (P<0.05~P<0.01). In dose effect experiments, it was found that the expression of p16 protein in thymocytes and splenocytes increased significantly at 24 h after WBI with the doses of 1.0, 2.0 and 4.0Gy (P<0.05~P<0.01), whereas the expression of CDK4 protein decreased significantly with the dose of 2.0Gy for thymocytes (P<0.05) and with the doses from 0.5~6.0Gy in splenocytes (P<0.05~P<0.01). The expression of CyclinD1 protein decreased markedly in both thymocytes and splenocytes after exposure.  Conclusion The results indicated that the expression of p16 protein in thymocytes and splenocytes could be induced by ionizing radiation. And the p16-CyclinD1/CDK4 pathway may play an important role for G1 arrest of thymocytes induced by X-rays.

47. Zhang X, Gong SL, Zhang M, Liu SZ Protective effect of melatonin against damage of immune functions in C57BL/6J mice irradiated with ionizing raidaiton. J Radiat Res Radiat Proc 2003, 21: 202-205 [Abstract]  The aim of the present work is to explore the effects and the mechanism of melatonin (MLT) on the damage of immune functions in mice induced by ionizing radiation.  MLT was given to C57BL/6J mice through intraperitoneal injection 1 h before whole-body irradiation with 2 Gy X-rays. Twenty four hours after irradiation, the number of thymocytes and splenocytes, 3H-TdR incorporative rate (HTIR) of thymocytes and T and B lymphocyte transforming rates (TLTR and BLTR) induced by Con A and LPS were observed. The number of thymocytes and splenocytes, HTIR, TLTR and BLTR of the irradiated mice were significantly lower than those of the sham-irradiation group (P<0.001). For all groups injected with 0.5~10 mg·kg-1 of MLT, the number of thymocytes and splenocytes were significantly higher than that in 0 mg group (simple irradiation), with the 0.5 mg•kg-1 MLT group being the highest. HTIR of thymocytes also increased significantly (P<0.01 or P<0.001), with the 0.5 mg•kg-1 MLT group being the highest. TLTR induced by Con A in the 0.5 mg•kg-1 MLT group increased most significantly, while BLTR in 10 mg•kg-1 MLT group increased most significantly. In addition, 2.5 mg•kg-1 of MLT enhanced splenocyte LTR without the stimulation of the mitogens.  It is concluded that MLT can reduce the damage to lymphocytes of the irradiated mice and has a protective effect on immune functions.

48. Ju GZ, Shen B, Sun SL, Yan FQ and Fu SB. Effect of X-rays on the expression of caspase-3, p53 in EL-4 Cells and its biological implications. Biomed and Environ Sci. 2003, 16(1):47-52. [Abstract]  Objective To investigate the effect of X-rays on the expression of caspase-3, p53 protein in EL-4 cells and its implications in the induction of apoptosis and polyploidy cells.  Methods Mouse lymphoma cell line, EL-4 cells, was used. Fluorescent staining and flow cytometry analysis were employed for measurement of protein expression, apoptosis, cell cycle and polyploid cells.  Results It was found that the expression of caspase-3 protein increased significantly at 8 h and 12 h compared with sham-irradiated control (P<0.05, respectively) and the expression of p53 protein increased significantly at 2，4，8，12 and 24 h compared with sham-irradiated control (P<0.05~P<0.01) in EL-4 cells after 4.0 Gy X-irradiation. The results showed that apoptosis of EL-4 cells was increased significantly at 2，4，8，12，24，48 and 72 h after 4.0Gy exposure compared with sham-irradiated control (P<0.05~P<0.001). The results also showed that G2 phase cells were increased significantly at 4，8，12， 24，48 and 72 h (P<0.05~ P<0.001), however, no marked change in the number of 8 C polyploidy cells was found from 2~48 h after 4.0Gy exposure.  Conclusion Our results indicated that the expressions of caspase-3 and p53 protein in EL-4 cells could be induced by X-rays, which might play an important role for the induction of apoptosis, and the molecular pathway for polyploid formation might be p53-independent.

49. Meng QY, Chen SL, Liu SZ. Effect of low dose radiation on thymocyte cytosol and nuclear protein synthesis in mice. Chin J Radiol Med Radiol Protec 2003，23：14-16 [Abstract] Objective 　To observe the effect of low dose radiation on thymocyte cytosol and nuclear protein synthesis in mice. Methods 　The expression of proteins was analyzed by gel filtration with Sephadex G-100 and HPLC separation of proteins on thymocyte cytosol and nuclei after whole-body irradiation with 75 mGy X-rays and sham-irradiation, and their biological activity was examined by mouse splenocyte proliferation and chromosome aberration of human peripheral blood lymphocytes. Results 　HPLC analysis showed that there was a marked increase in expression of 61.4 kD protein in the extract of thymocyte cytosol and 30.4 kD protein in the extract of thymocyte nuclei in comparison with the corresponding fractions from the sham-irradiated control mice. These protein fractions from the thymocyte cytosol and nuclei of the irradiated mice showed both stimulating effect on normal T cell proliferation and protective effect on chromosome damage induced by high dose radiation. Conclusion  These findings might have implications in the exploration of the mechanism of immunoenhancement and cytogenetic adaptive response induced by low dose radiation.
50. Li XJ, Song XF, Yang W, Tian M, Yang X, Liu LL, Li XY. Expression Property and Antitumor Effect of pEgr-angiostatin Induced by Ionizing Radiation. J Jilin Univ (M ed Ed)，2003，29(5):543-546. [Abstract] 　Objective: To study the exp ression and antitumor effect of pEgr-angiostatin induced by ionizing radiation. Methods: Mouse angiostatin cDNA was amplified with RT-PCR. The pEgr-angiostatin recombinant plasmid was constructed and was then transfected into B16 cells with liposome. The cells were irradiated and the exp ression of angiostatin mRNA in B16 cells was detected. Finally, the antitumor effect of pEgr-angiostatin was studied in a mouse model. Results: The sequence of mouse angiostatin cDNA was identical to that as previously reported. Egr-1 promoter and angiostatin cDNA was inserted correctly into expression vector. The expression property of pEgr-angiostatin was examined by ionizing radiation. The gene-therapy with pEgr-angiostatin showed remarkable antitumor effect. Conclusion: Mouse angiostatin cDNA was successfuly cloned in the study. The expression property and the antitumor effect of pEgr-angiostatin induced by ionizing radiation were observed. The present study provides the basis for multi-gene-radiotherapy of tumor.
51. Li XJ, Li XY, Tian M, Yang W. Expression of pEgr-ssEndostatin in tumor induced by radiation and its anti-tumor effect. Chin J Radiol Med Prot，2003，23(3):148-150. 【Abstract】　Objective 　To observe the antitumor effect of pEgr-ssEndostatin gene-radiotherapy in murine melanoma and the expression of Endostatin gene in tumor induced by radiation. Methods 　pEgr-ssEndostatin plasmids were injected locally into the B16 tumor in mice, and 42 h later the tumors of half of the mice were given 20 Gy X-irradiation. The tumor growth at different times and Endostatin expression 2 days after irradiation were detected. Results 　Endostatin gene-radiotherapy could enhance the curative effect of radiotherapy. Both pEgr-ssEndostatin group and pEgr-ssEndostatin + 20 Gy group showed Endostatin mRNA expression, but the mRNA level of pEgr-ssEndostatin + 20 Gy group was higher than that of pEgr-ssEndostatin group. Conclusion 　The antitumor effect of pEgr-ssEndostatin gene-radiotherapy is better than that of radiotherapy alone and gene therapy alone.and Endostatin expression in tumor is enhanced after irradiation.
52. Tian M, Liu LL, Li XY.Cloning and Sequencing of the Human Tumor Suppressor Gene PTEN/MMAC1 by RT-nested PCR and Construction of its Expression Vector. J Jilin Univ (Med Ed)，2003，29(1):9-12. [Abstract]　Objective: To clone the cDNA of the human tumor suppressor gene-PTENöMMAC1 and construct its expression vector.    Methods: About 1 200 bp DNA fragment was amplified from human placenta tissue by using RT-nested PCR and was cloned into pUCm-T vector after automatic sequencing, and the fragment was linked with expression vector pcDNA 3. 1. Results: The PTENöMMAC1 cDNA was cloned correctly and it s expression vector pcDNA-w P was  constructed. Conclusion: Human tumor suppressor gene-PTENöMMAC1 cDNA was cloned by RT -nested PCR and its expression vector was constructed successfully. The result lays the foundation for further study on the tumor suppression function of PTENöMMAC1.
53. Liu GW, Wang CY, Lv Z, Liu SC, Gong SL. Effect of Bcl-2/Bax gene expression on apoptosis of apermatogenic cells of mouse testes induced by low dose radiation. Radiat Protect, 2003, 23 (6): 244-248, 354.

[Abstract] The different kinds of spermatogenic cells were separated using density gradient centrifugation and their apoptosis and Bcl-2 and Bax protein expression were measured with flow cytometry and immunohistochemical method, respectively. The results showed the apoptosis in all kinds of spermatogenic cells induced by low dose radiation (LDR) had an obvious regularity. When the doses were 0.025 and 0.05 Gy, spermatogone apoptosis was dominant. With the increase of irradiation dose (0.075 – 0.2 Gy), spermatocytes also showed an apoptotic change, but the apoptotic percentage of spermatogonia was significantly higher than that of spermatocytes. Moreover, the apoptosis of spermatids and spermatozoa scarcely occurred after LDR. Bax protein was primarily expressed in spermatogonia and spermatocytes, and the former was siginificantly higher than that of the latter after LDR. With the increase of irradiation doses, Bax protein expression showed a upgrading tendency, but that of spermatids and spermatozoa scarcely occurred. Bcl-2 protein was primarily expressed in spermatids and spermatozoa, but the Bcl-2 protein expressions of spernatogonia and spermatocytes scarcely occurred after LDR. These results imply that the interacting regulation of Bcl-2 and Bax gene expression might be involved in selective apoptosis of spermatogenic cells induced by LDR, which provided an experimental evidence for further exploring the apoptotic mechanism of adaptive response of spermatogenic cells by LDR.

54. Liu GW, Lu WT, Wang ZQ, Lv Z, Liu SC, Gong SL. Apoptosis and expression of p53 mRNA and protein in mouse spermatogenic cells induced by low dose ionizing radiation. Chin J Pathophysiol, 2003, 19 (12): 1618-1622. [Abstract]  Aim: The effect of low dose radiation (LDR) with different doses of X-rays on apoptosis and its related gene p53 expression were studied in spenmatogenic cells of male Kunming mouse testis. Methods: The different kinds of spenmatogenic cells were separated using density gradient centrifugation and their apoptosis was measured by flow cytometry. At meantime, p53 mRNA and protein were measured with immunohistochemical SABC and in situ hybridization, respectively. Results: The apoptosis in all kinds of spenmatogenic cells induced by LDR had a remarkable regularity. When the doses were 0.025 and 0.05 Gy, spermatogone apoptosis was dominant. With the increase in irradiation dose (0.075 – 0.2 Gy), spermatocytes also showed an apoptotic change, but the apoptotic percentage of spermatogonia was significantly higher than that of spermatocytes. Moreover, the apoptosis of spermatids and spermatozoa scarely occurred after LDR. p53 protein expression in spematogonia and spermatocytes in varying degrees, and the former was significantly higher than that of the latter after LDR. With the increase in irradiation doses, p53 protein expression showed a upregulated tendency, but that of spermatids and spermatozoa scarcely occurred. p53 mRNA primarily expressed in spermatids and spermatocytes when the dose was 0.025 Gy. With the increase in irradiation doses (0.05 – 0.2 Gy), that of spermatogonia also showed an enhancement. p53 mRNA expression in spermatogonia and spermatocytes showed a remarkable dose-effect relationship. Conclusion: The apoptosis of spermatogenic cells was selectively induced by LDR of X-rays, which had remarkable dose- and time-effect relationships. The mechanism of the selective apoptosis in spermatogenic cells by LDR is closely related to the upregulation of p53.
55. Liu GW, Dong LH, Liu Y, Lv Z, Liu SC, Gong SL. Adaptive response of spermatogenic cell apoptosis selectively induced by low dose X-ray irradiation in mice. Chin J Radiol Med Protect, 2003, 23 (6): 405-408.

[Abstract] Objective  The adaptive response of spermatogenic cell apoptosis induced by whole-body X-ray irradiation at low doses was studied in mice. Methods  Kunming male mice were irradiated with an inducitive dose (D1: 75 mGy) and/or a challengine dose (D2: 1.0, 2.0 or 3.0 Gy). Different kinds of spermatogenic cells were separated using density gradient centrifugation and their apoptotic percentages were analysed using flow cytometry (FCM). Results  When the mice were irradiated with D1 6 h before irraditation with D2, the apoptotic percentages of the spermatogonia and spermatocytes declined rapidly as compared with those in the groups irradiated with D2 only, and those of spermatids and spermatozoa showed no significant changes. When the interval times between D1 and D2 was 3, 6, 12 or 24 h, the apoptotic percentages in spermatogonia and spermatocytes reduced early, significantly and continued for a longer duration after smaller D2 (1.0 and 2.0 Gy) irradiation, while the apoptotic percentages did not change after larger D2 (3.0 Gy) irradiation. Conclusion  The adaptive response of apoptosis in spermatogonia and spermatocytes could be selectively induced by low dose X-ray irradiation. The adaptive response could be closely related to the D2 dose and interval time between D1 and D2. 

56. Liu GW, Liu SC, Lv Z, Gong SL. Effect of low dose X-ray irradiation on apoptosis in spermatogenic cells of mouse testes. J Radiat Res Radiat Process, 2003, 21 (2): 148-153. [Abstract]  To study the effects of low dose radiation (LDR) with different doses of X-rays on the apoptosis in spermatogenic cells of male Kunming mouse testes. The time- and dose-effects of apoptosis in the different stages of spermatogenic cell cycles of mouse testis after LDR with different doses of X-rays were studied with light microscope using the methods of TdT-mediated dUTP nick end labeling (TUNEL) and HE staining. The apoptosis of spermatogenic cells induced LDR had a remarkable regularity in cell types. When the dose was 0.025 Gy, spermatogonium apoptosis was taken as main. With the dose increase of irradiation (0.025 − 0.2 Gy), spermatocytes also showed an apoptotic change, but the apoptotic rate of spermatogonia was significantly higher than that of spermatocytes. Moreover, the apoptosis of spermatids and spermatozoa scarcely occurred after irradiation with low dose. The apoptosis of spermatogenic cells induced by LDR has a regular change, which provides a further experimental evidence for the mechanism study of hormesis by LDR. 
57. Gong SL, Lv Z, Liu SC, Liu Y, Wang ZQ, Liu GW, Liu SZ. Adaptive response of thymocyte cycle progression induced by low dose ionizing radiation in mice. Chin J Radiol Med Protect, 2003, 23 (6): 413-415.

[Abstract]  Objective  The dose-, dose rate- and time-effect of adaptive response of thymocyte cycle progression induced by low dose radiation were observed. Methods  Kunming mice were irradiated with inductive doses (doses of D1 were 25, 50, 100 and 200 mGy, dose rate was 12.5 mGy/min; dose of D1 was 75 mGy, dose rates were 6.25, 12.5, 25, 50, 100 and 200 mGy/min) and challenging doses (doses of D2 were 1.0, 1.5 and 2.0 Gy, dose rate was 287 mGy/min), the intervals between D1 and D2 were 3, 6, 12, 24 and 60 h. The thymocyte apoptosis was measured with flow cytometry and the DNA fragmentation was measured fluorospectrophotometry. Results  When the doses of D1 were 25, 50 and 100 mGy and the dose rate was 12.5 mGy/min (the interval between D1 and D2 was 6 h) , or the dose of D1 was 75 mGy and the dose rates were 6.25, 12.5 and 25 mGy/min (the intervals between D1 and D2 were 3, 6 and 12 h), and the doses of D2 were 1.0, 1.5 and 2.0 Gy, the D2/sham-irradiation ratio of G0/G1 and G2 + M phase thymocytes increased significantly (P < 0.05 or P < 0.01), while that of S phase thymocytes decreased significantly (P < 0.05 or P < 0.01)；however，the (D1 + D2)/D2 ratio in G0/G1 and G2 + M phase thymocytes decreased in varying degrees，while that in S phase thymocytes increased significantly (P < 0.05 or P < 0.01). Conclusion  The results suggest that when the mice were irradiated with 25~100 mGy (dose rates: 6.25~25 mGy/min) 3 ~12 h before 1.0~2.0 Gy (dose rate: 287 mGy/min) exposure, the adaptive response of thymocyte cycle progression could be induced under the condition of whole-body irradiation.

58. Tian M, Jin GH, Piao CJ, Liu LL，Li XY. Study on construction of pEgr-hPTEN expression vector and its anti-tumor effect induced by irradiation in vitro. Chin J Radiol Med Prot，2003，23（6）：423-426. 【Abstrat】 Objective 　To clone the cDNA of human tumor suppressor gene PTEN and construct pEgr-hPTEN expression vector as well as study its inhibitory effect on proliferation of malignant glioma cell line SHG44 with stable transfection of pEgr-hPTEN after different doses of X-ray irradiation. Methods 　A DNA fragment about 1 200 bp, PTEN was amplified from human placenta tissue by using RT-nested PCR and was cloned into pUCm-T vector after automatic sequencing, then the fragment was inserted into a vector pcDNA3.1-Egr to construct an expression vector pEgr-hPTEN. pEgr-hPTEN was transfected into SHG44 cells in vitro. Stably transfected cell line SHG44-sPTEN was selected through G418. The inhibitory effect on SHG44-sPTEN was observed after different doses of X-ray irradiation in vitro. Results 　The PTEN cDNA was cloned correctly and its expression vector pEgr-hPTEN was constructed. Growth of SHG44 cells was inhibited significantly by stable pEgr-hPTEN transfection combined with X-ray irradiation. With the increase of dose, the inhibitory effect was enhanced within 5 Gy. Conclusion 　Human tumor suppressor gene-PTEN cDNA was cloned and its expression vector was constructed. Tumor growth was inhibited significantly by gene-radio-therapy in vitro. The result provides theoretical and experimental basis for improvement of clinical radiotherapeutic effect on tumors.
2004

59. Liu SZ. Radiation-induced changes in lymphocyte proliferation and its neuroendocrine regulation; dose-response relationship and pathophysiological implications. Nonlinearity Biol Toxicol Med 2004, 2: 133-243 [Abstract]   Cellular activities are regulated by intracellular signals initiated by stimulation from the external and internal environments. Different signal pathways are involved in the initiation of different eellular functions. In connection with cell proliferation in response to mitogenic stimulation, the dose-effect relationship of the magnitude of 3H-TdR incorporation into lymphocytes after exposure to different concentrations of concanavalin A (Con A) showed an inverted U-shaped curve in the concentration range 2-30 μg/ml. In previous studies it has been observed that the stimulatory effect of Con A (5 μg/ml) on lymphocyte proliferation was potentiated by whole-body irradiation (WBI) with low dose (0.075 Gy) and suppressed by WBI with high dose (2 Gy). When different concentrations of corticosterone, ranging from I0-12 to 10-7 M, were added to the Con A-stimulated lymphocytes, low-concentration stimulation and high-concentration suppression of lymphocyte proliferation were demonstrated. In the presence of 5×10-12 M (subphysiological concentration) of corticosterone the proliferation of thymocytes and splenic T cells in response to Con A was further up-regulated after low-dose radiation. Low-dose radiation (0.075 Gy) caused lowering of serum ACTH and corticosterone concentration as well as down-regulated transcription of the hypothalamic proopiomelanocortin gene. The present paper intends to show that multiple neurohormonal factors, including the pineal gland and neurotrausmitters, in addition to the hypothalamic-pituitary-adrenocortical axis, are involved in the stimulation of immune responses indueed by low-dose ionizing radiation. The complex nature of the interrelationship between the intracellular signaling of lymphocytes and the neuroendocrine regulation after WBI is discussed.
60. Liu SZ, Jin SZ, Liu XD. Radiation-induced Bystander Effect in Immune Response. Biol Environ Sci 2004，17: 40-46 [Abstract] Objective Since most reports on bystander effect have been only concerned with radiation-induced damage, the present paper aimed at disclosing whether low dose radiation could induce a stimulatory or beneficial bystander effect.  Methods A co-culture system containing irradiated antigen presenting cells (J774A.1) and non-irradiated T lymphocytes (EL-4) was established to observe the effect of J774A.1 cells exposed to both low and high doses of X-rays on the unirradiated EL-4 cells. Incorporation of 3H-TdR was used to assess the proliferation of the EL-4 cells. Expression of CD80/86 and CD48 on J774A.1 cells was measured with immunohistochemistry and flow cytometry, respectively. NO release from J774A.1 ceils was estimated with nitrate reduction method.  Results Low dose-irradiated J774A.1 cells could stimulate the proliferation of the unirradiated EL-4 cells while the high dose-irradiated J774A.1 cells exerted an inhibitory effect on the proliferation of the non-irradiated EL-4 ceils. Preliminary mechanistic studies illustrated that the differential changes in CD48 expression and NO production by the irradiated J774A.1 cells after high and low dose radiation might be important factors underlying the differential bystander effect elicited by different doses of radiation.  Conclusion Stimulatory bystander effect can be induced in immune cells by low dose radiation.

61. Wang XM, Ju GZ, Mei SJ, Fu SB and Liu SZ. Changes in expressions of p16, Cyclin D, CDK4 in splenocytes after 2Gy X-irradiation in mice. Chin J Radiol Health. 2004, 13(1):10-12. [Abstract]  Objective To study the effect of ionizing radiation on gene transcription and protein expression of p16, Cyclin D and CDK4 in splenocytes in mice.  Methods Northern blot was employed to determine p16 and CDK4 mRNA level. RT-PCR method was employed to check Cyclin D mRNA level. Flow cytometry was used to measure their protein expression.  Results p16 mRNA level in splenocytes was markedly increased at 2~8 h, and p16 protein expression was significantly elevated at 24 h (P<0.05). Cyclin D mRNA level and protein expression showed little reduction after irradiation. CDK4 mRNA level began to decrease from 2 h and was reduced to 55.9% of normal level at 72 h. CDK4 protein level was also dramatically reduced at 8~72 h (P<0.05~P<0.01).  Conclusion Ionizing radiation induces increase of p16 and  reduction of CDK4 gene transcription and protein expression in splenocytes in mice.

62. Wang XM, Ju GZ, Mei SJ, Fu SB and Liu SZ. p16 gene transcription and protein expression in EL-4 cells irradiated with X-rays in vitro. J Radiat Res Radiat Proc. 2004, 22(2):123-125. [Abstract]  To investigate the effect of ionizing radiation on p16 gene transcription and protein expression in EL-4 cells in vitro, RT-PCR semi-quantitative method was used to determine the p16 mRNA level and immunocytochemistry (ICC) was employed to measure the p16 protein expression. The time-course experiments showed that the p16 mRNA level increased at 2-48 h and the p16 protein expression increased significantly at 12 h (P<0.01) in EL-4 cells after 2.0 Gy X-irradiation. The dose-effect experiments showed that the p16 mRNA level increased with the increase of dose, and the p16 protein expression increased significantly (P<0.01) with doses of 2.0-6.0 Gy. The results suggested that the increase of p16 gene transcription and protein expression in EL-4 cells might play a role in G1 arrest induced by ionizing radiation in vitro.

63. Yang Y, Liu SZ, Fu SB. Anti-tumor Effects of pNEgr-mIL-12 Recombinant Plasmid Induced by X-irradiation and Its Mechanisms. Biomed Environ Sci 2004，17(2): 135-143 [Abstract] The present paper aims at the effect of gene radiotherapy applying intratumor injection of recombinant plasmid pNEgr-mIL-12 followed by local X-irradiation on cancer growth and the elucidation of the mechanisms of tumor inhibition. Alkaline lysis was used to extract the plasmid and polyethylene glycol 8000 (PEG 8000) was used to further purify the plasmid. Enzyme-linked immunoadsorbent assay (ELISA) was used to detect the expression of IL-12 protein. C57BL/6J mice were subcutaneously inoculated with B16 melanoma cells and the plasmid was injected directly into the tumor. Changes in immunologic parameters of tumor-bearing mice were detected with relevant immunologic assays.  Gene-radiotherapy with pNEgr-mIL-12 recombinant plasmid and X-irradiation was given three times to C57BL/6J mice bearing B16 melanoma and the results showed significant decrease in tumor growth rate (P<0.05-0.001). Immunologic studies showed significant increase in CTL and NK cytolytic activity (P<0.05-0.001) and up-regulated secretion of IFN-( and TNF-( (P<0.01-0.001).  Moreover, the expression of mIL-12 in B16 melanoma cells of the treated tumor-bearing mice was found to be higher than that of control.  The results demonstrated that pNEgr-mIL-12 combined with X-irradiation could increase tumor control and the mechanism of increased tumor inhibition was related to the enhancement of anticancer immunity in tumor-bearing mice.  
64. Wang XM, Ju GZ, Fu HQ, Mei SJ and Liu SZ. Changes in mRNA levels of cyclin B1 and cdc2 of EL-4 cells after 4Gy X-ray irradiation. J Radiat Res Radiat Proc. 2004, 22(1):43-46. [Abstract]  To explore the molecular mechanism of G2 arrest in EL-4 cells induced by X-irradiation, flow cytometry (FCM) and semi-quantitative RT-PCR methods were used to observe the time-course changes in cell cycle and the mRNA levels of cyclin B1 and cdc2 of EL-4 cells after 4Gy X-rays irradiation. Results showed that the cells in G2/M phase increased at 2 h and reached the maximum at 4-8 h after irradiation (P<0.001). The cyclin B1 mRNA level of El-4 cells began to decrease at 1 h, reaching the minimum at 24 h after irradiation. Meanwhile, the cdc2 mRNA level also declined at 12 h to 48 h, reducing to 59.2% and 58.9%, respectively, as compared with that of the control group, and recovered at 72 h after irradiation. The results suggest that reduction of MPF (M phase promoting factor) activity resulting from inhibition of cdc2 and cyclin B plays a critical role in G2 arrest induced by X-ray irradiation in EL-4 cells.
65. Tian M, Piao CJ, Li XY. Effect of stable transfectopn of pEgr-hPTEN on the cell cycle progression and proliferation of SHG44 human glioma cells. Chin J Lab Diagn, 2004, 8(1):1~3. [Abstract] :Objective 　To investigate the effect of exogenous wild type PTEN gene transfer on the cell cycle progression and proliferation of SHG44 human glioma cells and explore the mechanism of the inhibitory effect of PTEN gene on the proliferation of tumor cells. Methods 　pEgr-hPTEN recombinant plasmids were packed with liposome to transfect glioma cell line SHG44 which contains the endogenous mutant PTEN gene. The cells with stable expression of pEgr-hPTEN were selected with G418. The proliferation of tumor cells were examined by cell counting and the changes of cell cycle progression were observed by flow cytometry with FACscan. Results 　After selection  with G418 for 10 to 20 days, stably expressing cells were obtained. Growth of SHG44 was inhibited significantly by stable transfection with pEgr-hPTEN in vitro. The progression of cell cycle was found to be arrested from G1 to S phase. Conclusion 　The cell cycle of SHG44 glioma cells is arrested at G1 phase by exogenous PTEN gene transfer to inhibit their proliferation.
66. Li XJ, Li ZG, Tian M, Yang W, Liu LL, Li XY.  Construction of pEgr-ssEndostatin and in vitro expression of mouse endostatin induced by ionizing radiation. J Radiat Res Radiat Proc, 2004, 22(1):35-38. [ABSTRACT] Objective To study the regularity of mouse endostatin expression in B16 cells transfected by pEgr−ssEndostatin after different doses of X-ray irradiation and different time after the irradiation. Mthods Mouse endostatin cDNA was amplified by RT−PCR and signal peptide was ligated to it. The pEgr−ssEndostatin recombinant plasmid was constructed and transfected into B16 cells with liposome and cells were irradiated. The expression of endostatin in the supernatant medium of B16 cells was detected by ELISA. Results The results showed that the cDNA sequence of mouse secretable endostatin is identical with that reported in literature. Egr−1 promoter and secretable endostatin cDNA were inserted into expression vectors correctly. pEgr−ssEndostatin had the expression property induced by radiation. Conclusion It suggests that the Egr−1 promoter can be activated by ionizing irradiation and expression of downstream gene can be regulated.
67. Wu CM, Li XY. Construction of pEgr-TNFα plasmid and experimental study on the effect of gene-radiotherapy on mouse melanoma Chin J Oncol , 2004,26(3):143~145. 【Abstract】　Objective 　The pEgr-TNFα plasmid was constructed to investigate the effect of gene-radiotherapy on melanoma and host immune system. Methods 　pEgr-TNFα plasmids was constructed and injected into tumor tissue, 36 hours later, the tumors were given 20 Gy X-ray irradiation. Tumor growth at different time points was recorded and immunologic parameters were detected 15 days later. Results 　From 3 to 15 d after pEgr-TNFα gene-radiotherapy the tumor growth was significantly slower than irradiation or genetherapy alone. NK activity, IL-2, TNFα and IL-1β secretion activities of pEgr-TNFα gene-radiotherapy group and pEgr-TNFα gene group were significantly higher than those of irradiation alone group. Conclusion 　The anti-tumor effect of pEgr-TNFα gene-radiotherapy is better than that of either one applied solely, and it can alleviate the lesion caused by radiation therapy.
68. Liu LL, Yang W, Wu CM, Tian M, Piao CJ, Li XY. Cloning and sequencing of mouse IFNγ and construction of radiation- inducible expression plasmid pIRESEgr-IFNγ J Jilin Univ (Medicine Edition)，2004,30(2):166-68. [Abstract] Objective 　To clone the sequence of the cDNA of mouse interferon-gamma coding area and construct radiation-inducible expression plasmid pIRESEgr-IFN Ccontaining Egr-1 p romoter. Methods 　With the technique of RT-PCR, mouse splenocyte mRNA was used as template to obtain full length mouse IFNC. The pGEMT-IFNC was sequenced automatically and radiation-inducible expression plasmid pIRESEgr-IFN C containing Egr-1 promoter was constructed with gene recombinant technique. Results 　The sequencing p roved the cloned mouse IFNCcDNA to be completely identical with that reported in the literature and the radiation-inducible exp ression plasmid pIRESEgr-IFNC containing Egr-1 p romoter was constructed successfully. Conclusion 　Mouse IFNC cDNA was cloned and the radiation-inducible expression plasmid pIRESEgr-IFNC containing Egr-1 promoter was constructed successfully.
69. Wu CM，Li XY，Huang TH. Anti-tumor effect of pEgr-IFNγ gene-radiotherapy in B16 melanoma-bearing mice. World J Gastroenterol, 2004,10( 20 ):3011-3015. [Abstract]： AIM: To construct a pEgr-IFNγ plasmid and to investigate its expression properties of interferon-γ(INF-γ) induced by irradiation and the effect of gene-radiotherapy on the growth of melanoma. METHODS: A recombined plasmid, pEgr-IFNγ, was constructed and transfected into B16 cell line with lipofectamine. The expression properties of pEgr-IFNγ were investigated by ELISA. Then, a B16 melanoma-bearing model was established in mice, and the plasmid was injected into the tumor tissue. The tumor received 20 GyX-ray irradiation 36 h after injection, and IFN-γ expression was detected from the tumor tissue. A tumor growth curve at different time points was determined. RESULTS: The eukaryotic expression vector, pEgr-IFNγ was successfully constructed and transfected into B16 cells. IFN-γexpression was significantly increased in transfected cells after X-ray irradiation in comparison with 0 Gy group (77.73-94.60 pg/mL, P<0.05-0.001), and was significantly higher at 4 h and 6 h than that of control group after 2 Gy X-ray irradiation (78.90-90.00 pg/mL, P<0.01-0.001). When the transfected cells were given 2 Gy irradiation 5 times at an interval of 24 h, IFN-γ expression decreased in a time-dependent manner. From d 3 to d 15 after IFNγ gener-adiotherapy, the tumor growth was significantly slower than that after irradiation or gene therapy alone. CONCLUSION: The anti-tumor effect of pEgr-IFNγ gene-radiotherapyis was better than that of genetherapy or radiotherapy alone for melanoma. These results may establish an important experimental basis for gene-radiotherapy of cancer.
70. Yang W, Liu LL, Sun T, Li XJ, Tian M, Piao CJ, Pan Y, Li XY. Cloning and sequencing of mouse endostatin and construction of recombinant plasmid pEgr- IFNγ-mEndostatin. J Jilin Univ (M edicine Edit ion)，2004, 30(1):17-19. [Abstract]: Objective 　To clone the sequence of the cDNA of mouse endostatin (mEndostatin) coding area and construct an expression vector containing Egr-1 promoter, IFNγ and endostatin genes. Mthods 　Full length mEndostatin was obtained with the technique of RT -PCR and using mouse hepatocyte mRNA as template, pMD18T-mEndostatin was sequenced automatically and an expression vector containing Egr-1 promoter, IFNγ, and endostatin genes was cons ructed with gene recombinant technique. Results 　It was proved that the cloned mEndostatin cDNA to be completely identical with that reported in the literature and the recombinant plasmid containing Egr-1 promoter, IFNγ, and endostatin genes was constructed successfully. Conclusion　mEndostatin cDNA was cloned and the expression vector pEgr-IFNγ-mEndostatin was constructed successfully.
71. Zhang X, Gong SL, Wang ZQ, Lu Z, Liu Y, Zhang M, Liu SZ. Effect of melatonin on apoptosis of lymphocytes in mice induced by ionizing radiation. Chin J Pathophysiol 2004, 20: 1702-1705 [Abstract] AIM: To explore the effect of melatonin (MLT) on the apoptosis of thymocytes and splenocytes in mice induced by ionizing radiation and its mechanism. Methods: The percentages of apoptotic bodies and the DNA fragmentation rates of thymocytes and splenocytes in mice in vitro and in vivo were detected with flow cytometry and fluorospectrophotometry, respectively. Results: The apoptosis of mouse thymocytes and splenocytes in vitro increased dose-dependently after 0.5~6.0 Gy X-irradiation. When MLT of 2 mmol·L-1 was added to thymocytes or splenocytes in vitro before irradiation with 0.5~6.0 Gy X-rays, the percentages of apoptotic bodies and the DNA fragmentation rates all decreased significantly as compared with those in the group with irradiation only. The percentages of apoptotic bodies in these two kinds of cells were 86.25% and 89.22% of those in the irradiation group, respectively, and the DNA l fragmentation rates were 87.23% and 89.16%, respectively. When MLT was injected into intraperitonium in mice 60 min before whole-body irradiation with 2 Gy X-rays, the percentages of apoptotic bodies and the DNA fragmentation rates were significantly lower than those in the group with irradiation only, and near to or lower than those in the sham-irradiation group. MLT of 0.1~2.5 mg/kg decreased the lymphocyte apoptosis, but without significant dose-dependence. Conclusion: The protective effects of MLT on mouse lymphoctes damaged by irradiation in vivo are more obvious than those in vitro.

72. Yang JZ, Jin GH, Tian M, Pan XN, Jin SZ, Liu SZ Cloning and sequencing of mouse B7.2 gene and construction of its recombinant plasmids. J Jilin Univ (Med Ed) 2004, 30(3): 333-335 [Abstract] Objective  To clone the sequence of the cDNA of mouse B7.2 gene and construct its expression vectors. Methods  Using mouse splenocyte mRNA as template to obtain full length B7.2 with the technique of RT-PCR followed by automatic sequencing of pMD18T2B7.2 and to construct recombinant plasmids containing CMV, Egr-1 and B7.2 genes with recombinant DNA technique. Results  Sequencing proved the cloned B7.2 cDNA to be essentially identical with that reported in the literature and the recombinant plasmids containing CMV, Egr-1 and B7.2 genes were constructed successfully. Conclusion 　B7.2 cDNA was successfully cloned and two expression vectors pcDNA3.-CMV-B7.2 and pcDNA3.1-Egr-B7.2 were constructed.
73. Ju GZ, Fu SB , Yan FQ. Experimental study on cell cycle uncoupling induced by ionizing radiation.Chin J Radiol Med Radiol Prot. 2004, 24: 295-296.   [Abstract]  Objective To investigate whether or not cell cycle uncoupling could be induced by ionizing radiation.  Methods Cell cycle was analyzed by flow cytometry (FCM) following staining of cells with propidium iodide (PI) and polyploid cells were analyzed.  Results It was found that 24 h after exposure with X-rays to SKOV-3 cells with the doses of 1.0, 2.0, 4.0 or 6.0 Gy, the 2N cells were decreased significantly (P<0.01), whereas 4N cells were increased significantly (P<0.01) and 8N cells were also increased significantly (P<0.01).  Conclusion The results suggest that cell cycle uncoupling could be induced by ionizing radiation.

74. Fan C, Zhang JJ, Li XL, Xu L, Chen WH, Ju GZ. Effect of ionizing radiation on MT-1 mRNA expression of mouse tissues. Chin J Radiol Med Prot. 2004, 24(6):525-526 [Abstract]  Objective To investigate the effect of whole body X-irradiation (WBI) on metallothionein-(MT-1) gene transcription level in mouse tissues and its dose-effect relationship.  Methods MT-1 mRNA level in mouse liver, brain, thymus and spleen were measured using Northern blot assay.  Results Time-course experiment showed that MT-1 mRNA levels in mouse liver and thymus gradually increased and reached its peak at 4 h after WBI, then recovered to normal level at 24 h. MT-1 mRNA levels in mouse liver and thymus increased with the increase of irradiation dose at 4 h after 0·5~6 Gy X-rays WBI. But there was no obvious change of MT-1 mRNA levels in mouse brain and spleen.  Conclusion MT-1 mRNA levels in mouse liver and thymus significantly increased after WBI and showed a dose-dependent trend. But there was no obvious change in MT-1 mRNA levels in mouse brain and spleen. These results indicate that the increase of MT-1 mRNA in mouse tissue after WBI is tissue-specific, and MT protein synthesis is regulated through MT-1 gene transcriptional elevation.
75. Lv Z, Liu Y, Wang ZQ, Ma SM, Liu GW, Sun YH, Gong SL. p53, Bcl-2 and Bax protein expression of apoptosis-associated gene in adaptive response of thymocyte apoptosis in mice induced by low dose radiation. J Jilin Univ (Med Ed), 2004, 30 (6): 850-852. [Abstract] Objective  To explore the regulative mechanism of apoptosis-associated gene proteins on the adaptive response of thymocyte apoptosis in mice induced by low dose radiation. Methods  Kunming male mice were irradiated with the inductive doses (D1: 25, 50, 75, 100 and 200 mGy; dose rate: 12.5 mGy · min–1) and the challenging dose (D2: 1.5 Gy; dose rate: 287 mGy · min–1). The time interval between D1 and D2 was 6 h. The expressive levels of thymocyte apoptosis-associated gene proteins were measured with flow cytometry. Results  As compared with the sham-irradiation, the positive percentage of thymocyte Bcl-2 protein expression decreased significantly in D2 group (P < 0.05), Bax increased significantly (P < 0.05), and Bcl-2/Bax decreased significantly (P < 0.001); p53 increased significantly (P < 0.001). As compared with D2 group, the positive percentage of thymocyte Bcl-2 protein expression increased in varying degree in D1 + D2 group of 25 − 75 mGy D1, Bax decreased in varying degree, and Bcl-2/Bax increased significantly (P < 0.01); p53 decreased significantly (P < 0.001). Conclusion  The apoptotic thymocytes in the adaptive response of thymocyte apoptosis in mice induced by irradiation with 25 − 75 mGy decrease significantly due to the increase of apoptosis-associated gene Bcl-2 protein expression and Bcl-2/Bax, the decrease of Bax and p53 protein expressions.
76. Gong SL, Lv Zhe, Liu SC, Wang ZQ, Liu Y, Liu GW, Liu SL Adaptive response of thymocyte cycle progression induced by low dose ionizing radiation in mice. J Radiat Res Radiat Process, 2004, 22 (3): 176-180.

[Abstract]  Objective  The dose-, dose rate- and time-effect of adaptive response of thymocyte cycle progression induced by low dose radiation were observed. Methods  Kunming mice were irradiated with inductive doses (doses of D1 were 25, 50, 100 and 200 mGy, dose rate was 12.5 mGy/min; dose of D1 was 75 mGy, dose rates were 6.25, 12.5, 25, 50, 100 and 200 mGy/min) and challenging doses (doses of D2 were 1.0, 1.5 and 2.0 Gy, dose rate was 287 mGy/min), the intervals between D1 and D2 were 3, 6, 12, 24 and 60 h. The tymocyte apoptosis was measured with flow cytometer and the DNA fragmentation was measured fluorospectrophotometry. Results  When the doses of D1 were 25, 50 and 100 mGy and the dose rate was 12.5 mGy/min (the interval between D1 and D2 was 6 h) , or the dose of D1 was 75 mGy and the dose rates were 6.25, 12.5 and 25 mGy/min (the intervals between D1 and D2 were 3, 6 and 12 h), and the doses of D2 were 1.0, 1.5 and 2.0 Gy, the D2/sham-irradiation ratio in G0/G1 and G2 + M phase thymocytes increased significantly (P<0.05 or P<0.01), while that in S phase thymocytes decreased significantly (P < 0.05 or P < 0.01)；however，the D1 + D2/D2 ratio in G0/G1 and G2 + M phase thymocytes decreased in varying degrees，while that in S phase thymocytes increased significantly (P < 0.05 or P < 0.01). Conclusion  The results suggest that the mice were irradiated with 25 − 100 mGy (dose rates: 6.25 − 25 mGy/min) 3 − 12 h before 1.0 − 2.0 Gy (dose rate: 287 mGy/min) exposure, the adaptive response of thymocyte cycle progression could be induced under the condition of whole-body irradiation.

77. Liu GW, Dong LH, Wang ZQ, Piao CN, Zhao HG, Zhou LF, Gong SL

Effect of low dose radiation on p53 and Bcl-2 protein expression in spermatogenic cells of mouse testis. J Jilin Univ (Med Ed), 2004, 30 (1): 85-88. [Abstract]  Objective  To investigate the effect of low dose radiation (LDR) with different doses of X-rays on p53 and Bcl-2 protein expression in spermatogenic cells of male Kunming mouse testis. Methods  The relationships between time- and dose-effects of p53 and Bcl-2 protein expression positive rates in spermatogenic cells of mouse testis after LDR with different doses of X-rays were studied with immunohistochemical technique (SABC). Results  p53 and Bcl-2 proteins expressed in spermatogonia and spermatocytes in varying degrees, the positive rate of spermatogonia was obviously superior to that of spermatocytes. With the increase of irradiation dose, the expression of p53 protein showed a increasing tendency, however, the p53 protein expression of spermatozoa scarcely occurred after LDR. Bcl-2 protein was primarily expressed in spermatozoa. With the increase of irradiation doses, the positive rate of Bcl-2 protein expression showed a downregulated tendency. However, the Bcl-2 protein expression of spermatogonia and spermatocytes scarely occurred after LDR. Conclusion  The expressions of p53 and Bcl-2 may have regular changes in mouse testis induced by LDR, which may provide a experimental evidence for the mechansis study of spermatogonic cell apoptosis induced selectively by ionizing radiation.

78. Dong LH, Liu GW, Piao CN, Lv WT, Zhao HG, Jia XJ, Zhao Y, Zhao SL
Effect of signal factors on lymphocyte apoptosis in mouse thymus induced by ionizing radiation in vitro. Chin J Radiol Med Protect, 2004, 24 (5): 399-402. [Abstract]  Objective  To observe the effects of corticosterone (CS), cAMP, cGMP, Ca2+ and protein kinas C (PKC) signal factors on lymphocyte apoptosis in mouse thymus induced by ionizing radiation with X-rays of 4 Gy in vitro. Method  The DNA lytic rate of lymphocytes in thymus was measured with fluorospectrophotometry. Results  The DNA lytic rates of lymphocytes in thymus 4 − 8 h after irradiation with 2 − 8 Gy were significantly higher than that in the control. As compared with the control, the DNA lytic rates of lymphocytes in 0.01 μmol/L CS (P < 0.01), 50 ng/ml cAMP (P < 0.01), 0.05 − 0.4 μg/ml ionomycin (Iono, P < 0.05 or P < 0.01) and 0.05 − 0.4 ng/ml phorbol myristate acetate (PMA, P < 0.05 or P < 0.01) groups, respectively, all increased significantly, while the rate in 50 ng/ml cGMP did not significantly. The DNA lytic rates of lymphocytes in 0.01 μmol/L CS (P < 0.01), 50 ng/ml cAMP (P < 0.01), 0.2 and 0.4 μg/ml Iono (P < 0.05) and 0.2 and 0.4 ng/ml PMA (P < 0.05) plus 4 Gy-irradiation groups, respectively, were significantly higher than that in simple 4 Gy-irradiation group, while that in 50 ng/ml cGMP plus 4 Gy-irradiation group was not. As both Iono and PMA were combined to act to the lymphocytes, the DNA lytic rate of only in 0.4 μg/ml Iono and 0.4 ng/ml PMA group was significantly higher than that in the control（P < 0.01）；the rate in 0.4 μg/ml Iono and 0.4 ng/ml PMA plus 4 Gy-irradiation group was significantly higher than that in the simple 4 Gy-irradiation group (P < 0.05), but was not significantly than that in the 0.4 μg/ml Iono plus 4 Gy-irradiation group or 0.4 ng/ml PMA plus 4 Gy-irradiation group. Conclusion  There are the promoting effect of CS, cAMP, Ca2+ and PKC signal factors in some dose ranges on lymphocyte apoptosis in mouse thymus induced by ionizing radiation with larger dose X-rays.
2005

79. Liu SZ. Research in Radiation Immunology: Present Status and Prospects. Chin J Radiol Med Radiol Protec 2005, 25: 193=200 [Abstract] In this paper the following topics are reviewed: 1. Response of innate and adaptive immunity to radiation; 2. Reaction of thymocytes to radiation; 3. Reaction of splenocytes to radiation; 4. Radiation effect of expression of surface molecules on immune cells and its influence on intercellular reactions; 5. Studies of molecular mechanisms of immunologic effects induced by radiation; 6. The dose-effect relationship of the reaction of immune cells to radiation; 7. The neuroendocrine regulation of radiation immune effects. 8. A final section on future studies in the field of radiation immunology was briefly outlined.

80. Zhang X, Gong SL, Zhang M, Liu SZ Protective effect of melatonin damage of splenocytes in mice. Radiat Protec 2005, 25: 31-35. [Abstract]  The aim of the present paper is to explore the effect of melatonin (MLT) on the damage of mouse splenocytes induced by whole-body irradiation (WBI) and its mechanism. MLT was administered to Kunming mice by peritoneal injection 60 min before WBI with 1.0~4.0 Gy X-rays. For consecutive administration of MLT, changes in splenocyte number were observed 24 h after WBI; for single administration of MLT, apoptotic body percentage (ABP) and cell percentages of cell cycle phases in splenocytes were determined with flow cytometry, and DNA fragmentation rate (DFR) was assayed by fluorescence spectrophotometry.  The number of splenocytes increased significantly after consecutive daily administration of MLT for 1 week, in 0.1 mg•kg-1 (BW) group (P<0.01). The number of splenocytes 24 h after irradiation with 1~4 Gy decreased in a dose-dependent manner (P<0.01). The number of splenocytes increased significantly with daily consecutive administration of MLT (0.1 mg•kg-1 •d-1) for 1 week before WBI (P<0.05). ABP and DFR of splenocytes increased significantly 12 h after WBI with 2 Gy (P<0.01), and the percentages of G0/G1 and G2+M phase splenocytes increased significantly (P<0.05), indicating G1 and G2 arrests. When MLT was administered once before irradiation, ABP and DFR of splenocytes decreased significantly (P<0.05 or P<0.01), G1 arrest was attenuated while G2 arrest became more serious. The administration of MLT to mice before WBI has protective effect on immunity as evidenced by decreased damage of splenocytes after WBI.

81. Jin GH，Jin SZ，Liu Y，Xu RM，Yang JZ，Pan XN，Liu SZ  Therapeutic effect of gene therapy in combination with local X-irradiation in a mouse malignant melanoma model. Biochem Biophys Res Commun 2005, 330: 975-981 [Abstract] Plasmid containing mIL-18 and B7.1 genes downstream of Egr-1 promoter was constructed and used in gene radiotherapy on malignant melanoma in C57BL/6J mice implanted with B16 cells followed by exploration of the immunologic mechanism of the therapeutic effect. The treatment with plasmid pEgr-IL-18-B7.1 plus local X-irradiation showed more effective suppression of tumor growth than the treatment with radiation alone, pEgr-IL-18-B7.1 alone, or single gene pEgr-IL-18 (or pEgr-B7.1) combined with local X-irradiation. Anticancer immunity was found to be significantly upregulated in tumor-bearing mice treated with pEgr-IL-18-B7.1 plus local X-irradiation. IL-18 showed no direct killing effect on malignant melanoma cells in vitro and the mechanism of the combined therapy with pEgr-IL-18-B7.1 and local X-irradiation was apparently related with the stimulation of host anticancer immunity by increased secretion of IL-18 and upregulated immunogenecity of the tumor cells by increased expression of B7.1 on their surface in addition to the direct effect of local X-irradiation on the tumor cells.
82. Liu SZ. Nonlinear dose-effect relationship of different parameters in cancer cell lines. Critical Reviews in Toxicology, 35:595–597, 2005 [Abstract] The dose-effect curves of most parameters in cancer cell lines in response to x-irradiation or toxic agents are usually nonlinear. Such a nature is demonstrated in this article with cell lines of the immune system. However, the shape of the nonlinear dose-effect curves was found to be different for lymphocytes (EL-4) and macrophages (J774A.1). The mechanisms and implications are briefly discussed.
83. Yang W, Li XY. Anti-tumor effect of pEgr-IFNγ-Endstatin gene-radiotherapy in mice bearing Lewis lung carcinoma and its mechanism. Chin Med J, 2005, (4):296-301. [Abstract]：AIM Gene-radiotherapy, the combination of gene therapy and radiation therapy, is a new paradigm for cancer treatment. To enhance anti-tumor effect of gene-radiotherapy, in this study we construct a radiation-inducible dual-gene co-expression vector pEgr-interferon (IFN)-gamma-endostatin and studied the anti-tumor effect of pEgr-IFN-gamma-endostatin gene-radiotherapy in mice bearing Lewis lung carcinoma and its mechanism. METHODS: Gene recombinant technique was used to construct dual-gene co-expression plasmid pEgr-IFN-gamma-endostatin, and single-gene expression plasmid pEgr-IFN-gamma and pEgr-endostatin. The plasmids packed by liposome were injected locally into the tumors of the mice, and the tumors were irradiated with 5 Gy X-ray 36 hours later. The tumor growth rate at different time and mean survival period of the mice were observed. Cytotoxic activity of splenic cytotoxic T-lymphocyte (CTL), natural killer (NK) cell and tumor necrosis factor (TNF)-alpha secretion activity of peritoneal macrophages of the mice in various groups were evaluated 15 days after irradiation. The intratumor micro-vessel density was evaluated by immunohistochemical staining 10 days after irradiation. RESULTS: The tumor growth rate of the mice in dual-gene-radiotherapy group was significantly lower than those in control group, 5 Gy group and single-gene-radiotherapy group at different time after gene-radiotherapy, and the mean survival period of which was longer. Cytotoxic activity of splenic CTL, NK and TNF-alpha secretion activity of peritoneal macrophages of the mice in dual-gene-radiotherapy group were significantly higher than those in control group, 5 Gy X-ray irradiation group and pEgr-endostatin gene-radiotherapy group 15 days after irradiation. The intratumor micro-vessel density of the mice in dual-gene-radiotherapy group was significantly lower than those in control group, 5 Gy X-ray irradiation group and pEgr-IFN-gammagene-radiotherapy group. CONCLUSION: The anti-tumor effect of dual-gene-radiotherapy was significantly better than that of single-gene-radiotherapy by combining the enhancement of anti-tumor immunologic function induced by IFN-gamma with the anti-angiogenesis function of endostatin.
84. Tian M, Piao CJ, Li XY, Yang W. Study on enhancement of anti-tumor effect of pEgr-hPTEN expression induced by ionizing radiation in vitro. J Jilin Univ (Medicine Edition)，2005，31（3）：330-333. [Abstract] : Objective 　To investigate the effect of pEgr-hPTEN stable transfer combined with irradiation on the proliferation and apoptosis of SHG44 human glioma cells in vitro. Methods 　pEgr-hPTEN vector containing the exogenous wild type PTEN gene was transfected into SHG44 cells under mediation of lipofectamine in vitro, positive cell clones were selected and amplified. Western blotting was used to detect the properties of PTEN expression induced by X-ray irradiation. Flow cytometry and cell growth curve were adopted to measure the effects of PTEN gene transfer combined with different doses of X-ray irradiation on cell proliferation and apoptosis of the transfected SHG44 cells. Results 　Expression of PTEN protein could be enhanced by X-ray irradiation in SHG44-hPTEN stable transfer cells. Expression of PTEN protein relative level was increased in a dose-dependent manner after irradiation within 5 Gy. pEgr-hPTEN stable transfer combined with X-ray irradiation could significantly inhibit the proliferation and induce apoptosis of SHG44 cells. On the 8th day after irradiation with different doses of X-rays, the numbers of SHG44-hPTEN stable transfer cells were only 30.0% - 50.0% of that of SHG44-hPTEN /0 Gy group and 7.7% - 13.0% of SHG44/0 Gy group. The percentage of early apoptotic cells of SHG44-hPTEN group after irradiation with X- rays were 1.5-2.3 times as much as that of SHG44-hPTEN/ö0 Gy group, 1.9- 4.4 times as much as that of SHG44 irradiated group and 3.4- 5.1 times as much as that of SHG44/0 Gy group. Conclusion　The apoptosis of tumor cells could be significantly enhanced and its growth could be significantly inhibited by gene-radiotherapy with pEgr-hPTEN in vitro.
85. Piao CJ, Tian M, Liu LL, Yang W, Li XY. Construction of pEgr-hTRAIL expression vector induced by irradiation and apoptosis in tumor cells in vitro. J of Jilin Univ (Medicine Edition)，2005,31(2):169-172. [Abstract]: Objective 　To construct the radiation-inducible expression vector pEgr-hTRAIL containing human TNF related apoptosis inducing ligand (hTRAIL) gene and study its expression and function of inducing apoptosis in A549 human lung adenocarcinoma cells. Methods 　Expression vector pEgr-hTRAIL was constructed with DNA recombinant technique. pEgr-hTRAIL plasmids were packaged with lipofectamine to transfect A549 cells in vitro. Stably transfected cell line A 549-shTRAIL was selected through G418. The expression of hTRAIL gene was detected by RT-PCR. The early stage apoptosis of A 549 cells was detected by Annexin-V-FITC apoptosis detecting kit. Results 　Expression vector pEgr-hTRAIL was constructed correctly by identification with restriction enzyme digestion. The expression of hTRAIL mRNA in stably transfected cell line A 549-shTRAIL was increased significantly. The percentage of apoptotic A549-shTRAIL cells was increased significantly; being 1.8 times as much as A549 cells (P < 0105). Conclusion 　Expression vector pEgr-hTRAIL was constructed successfully, which can increase the apoptosis of the stably transfected cell line A5492shTRAIL significantly.
86. Yang W, Piao CJ, Liu LL, Tian M，Pan Y, Li XY. Expression of a recombinant dual-gene co-expressing plasmid pEgr-IFNγ-endostatin in Lewis lung cancer cells induced by radiation Chin J Radiol Med Radiool Prot，2005, 25(3):210-212.【Abstract】　Objective 　To construct a recombinant dual-gene co-expressing plasmid pEgr-IFNγ-endostatin and detect its radiation-induced expression in Lewis lung cancer cells. Methods 　The recombinant plasmid pEgr-IFNγ-endostation containing Egr-1 promoter, IFNγ and endostatin genes was constructed with gene recombination technique. The plasmid was transferred into Lewis lung cancer cells by liposome in vitro. The correlation of dose and effects and the time-course patterns of the expressions of IFNγ and endostatin genes induced by different doses of X- rays were detected by ELISA. Results 　Identification with enzymes proved that Egr-1 promoter , IFNγ and endostatin genes were inserted into the dual-gene co-expressing vector pIRESlneo correctly. After different doses of X-irradiation, the expressions of IFNγ and endostatin the supernatant of cultured Lewis lung cancer cells transfected by pEgr- IFNγ-endostatin were significantly higher than those in 0 Gy group. After 5 Gy X-irradiation, the expressions of IFNγ and endostatin were the highest, being 4.14 and 2.92 times as much as those in 0 Gy group, respectively. The concentrations of IFNγ and endostatin in the supernatant increased after 2 Gy X-irradiation, being 3.75 and 3.02 times as much as those in 0 Gy group, respectively, 36 h after irradiation (P < 0.001) . Conclusion 　The dual-gene co-expressing plasmid pEgr-IFNγ-endostatin has been constructed successfully, and it has the property of enhancing the co-expression of IFNγ and endostatin genes induced by irradiation.
87. Wu CM, Li XY and Tian.M. Effect of pEgr-TNFα gene radiotherapy on mice melanoma. Melanoma Res, 2005, 15:185 – 90. [Abstract]：AIM: In the present study, we constructed a pEgr-tumour necrosis factor-alpha (TNFalpha) plasmid and investigated its expression properties in B16 cells on exposure to ionizing irradiation and, furthermore, the effect of gene radiotherapy on a melanoma model. METHODS: Firstly, the recombinant pEgr-TNFalpha plasmid was constructed and transfected into B16 cells with liposomes to investigate its expression properties on exposure to X-irradiation. The melanoma-bearing model was then established and the tumour tissue was injected locally with the pEgr-TNFalpha plasmid and exposed to 20 Gy of X-irradiation. The tumour growth curve at different time points was described. At day 3, TNFalpha transcription in the tumour tissue was detected by reverse transcriptase-polymerase chain reaction (RT-PCR). RESULTS: The results showed that: (1) the eukaryotic expression vector pEgr-TNFalpha was successfully constructed and transfected into B16 cells; (2) TNFalpha expression was significantly increased in the transfected cells after X-irradiation, in contrast with that of the pCMV-TNFalpha group or the pEgr-TNFalpha group that received 0 Gy of irradiation; (3) after pEgr-TNFalpha gene radiotherapy, tumour growth was significantly slower than in those groups receiving irradiation or gene transfer alone. The TNFalpha concentration in the peripheral blood of tumour-bearing mice that received an injection of pEgr-TNFalpha and 20 Gy of irradiation was higher than that of the control group. Only in pEgr-TNFalpha and pEgr-TNFalpha + 20 Gy groups was TNFalpha messenger RNA (mRNA) detected in the tumour tissue. CONCLUSION: We conclude that pEgr-TNFalpha gene radiotherapy may significantly inhibit tumour growth, and that the anti-melanoma effect is superior to that of either gene therapy or radiotherapy alone. Our work provides the theoretical basis for further study on the gene radiotherapy of this tumour.
88. Yang W, Piao CJ, Liu LL, Tian M，Lu Z，Li XY. Anti-tumor effect of IFNγ endostatin gene-radiotherapy in vivo and its mechanism Chin J Radiol Med Prot，2005, 25(4):325-8. 【Abstract】　Objective 　To study the anti-tumor effect of pEgr-IFNγ-endostatin gene-radiotherapy in mice bearing Lewis lung carcinoma and its mechanism. Methods 　The plasmids packed by liposome were injected locally into the tumors of the mice, and the tumors were irradiated with 5 Gy X-rays 36 hours later. The tumor growth rate at different times and the mean survival period of the mice were observed. Cytotoxic activity of splenic CTL, NK and TNFα secretion activity of peritoneal macrophages of the mice in various groups were evaluated 15 days after irradiation. The intratumor microvessel density was evaluated by immunohistochemical staining 10 days after irradiation. Results 　The tumor growth rate of the mice in double-gene-radiotherapy group was significantly lower than that of the control group, 5 Gy X-irradiation alone group and single-gene-radiotherapy group 6-18 days after gene-radiotherapy, and the mean survival period of which was longer. The tumor growth rate in mice treated with pEgr-IFNγ-endostatin and 2.5 Gy X-ray irradiation for four times was lower significantly than that in mice treated with pEgr-IFNγ-endostatin and 10 Gy X-irradiation for once only 12-18 days after therapy, and the mean survival time of mice was longer. Cytotoxic activity of splenic CTL , NK and TNFα secretion activity of peritoneal macrophages of the mice in the double-gene-radiotherapy group were significantly higher than those in the control group, 5 Gy X-irradiation alone group and pEgr-endostatin gene-radiotherapy group 15 days after irradiation. The intratumor microvessel density of the mice in double-gene-radiotherapy group was significantly lower than that in the control group, 5 Gy X-irradiation alone group and pEgr-IFNγ gene-radiotherapy group. Conclusions 　The anti-tumor effect of double-gene-radiotherapy is significantly better than that of single-gene-radiotherapy. Its mechanism is perhaps associated with the expressions of IFNγ and endostatin induced by X-ray irradiation, which enhance anti-tumor immunologic function and anti-angiogenesis function. The anti-tumor effect of repeated lower dose double-gene-radiotherapy is better than that of higher dose double-gene-radiotherapy for once only.
89. Yan FQ, Wang JQ, Fu SB and Ju GZ. Effects of ionizing radiation on the expression of P21 protein in EL-4 mouse lymphoma cells. Chin J Radiol Med Prot. 2005, 25(6):514-516. [Abstract]  Objective To explore the effects of ionizing radiation on the expression of P21 protein.  Methods Immunocytochemistry and flow cytometry were used to measure the changes in the expression of P21 protein in EL-4 cells along with the increment of time and radiation doses.  Results After 4·0 Gy X-rays irradiation, marked elevation of P21 protein level was found to increase in EL-4 cells at 2-72 h with immunocytochemical method and at 8-72 h with flow cytometry (P<0·01 or P<0·001, respectively). On the other hand, it was observed that the level of P21 protein increased evidently after exposure to 0·5-6·0 Gy X-rays by using immunocytochemical method and after exposure to 1·0-4·0 Gy X-rays by using flow cytometry in EL-4 cells at 24 h after irradiation.  Conclusion The P21 protein expression could be increased by X-irradiation in time-and dose-dependent manners.

90. Sun ZY, Fu JY, Liu SC, Lv Z, Sun LG, Li XY, Zhao Y, Gong SL Influences of low dose radiation on inhibitory effects of tumor-associated antigen peptide extract of H-22 hepatocarcinoma in mice. J Jilin Univ (Med Ed), 2005, 31 (4): 539-542. [Abstract] Objective  To investigate the influences of low dose radiation (LDR) on the inhibitory effects of tumor-associated antigen peptide (TAP) extract of H-22 hepatocarcinoma in mice. Methods  Mild acid elution method was applied to prepare TAP extract (MW ( 3 000) from tumor cell membrane. The mice were given by whole-body irradiation (WBI) with 75 mGy X-rays 12 h before immunization with TAP extract. After immunization, the cell cycle progression of the thymocytes was detected with flow cytometry, the response of splenocytes to Con A and the percentage of T cell subsets in splenocytes were analyzed. Meantime, the tumor-inhibited effect was observed in vivo. Results  The present experiment showed that the TAP extract reduced the incidence of the transplanted tumor, delayed the average development time and decreased the growth speed of the tumor. The response of the splenocytes to Con A increased significantly as compared with that in the control group after mice were immunized with TAP extract, but there were no changes in the cell cycle progression of thymocytes. WBI with 75 mGy X-rays given to the mice 12 h before immunization can enhance the inhibitory effects of TAP extract, the percentage of S phase increased significantly as compared with that in the TAP extract group, and the percentage of the CD8+ splenocytes increased. Conclusion The results suggest that LDR can efficiently activate the function of immune system, and enhance the inhibitory effects of the TAP extract.
91. Ju GZ, Yan FQ, Fu SB, Li PW. P21 protein expression induced by ionizing radiation and its effect in cell cycle uncoupling. J Radiat Res Radiat Proces. 2005, 23(4):251-253. [Abstract]  To investigate whether P21 protein expression could be induced by ionizing radiation and the effect on cell cycle uncoupling. Immunocytochemistry assay was used to measure P21 protein expression. Polyploid was analyzed by FCM following staining of cells with propidium iodide (PI). The results showed that P21 protein expression of EL-4 cells was increased significantly 2-72h following 4.0Gy X-irradiation (P<0.05-P<0.001). In dose-effect experiments it was found that P21 protein expression also increased significantly 24h after exposure to 0.5-6.0Gy X-rays of EL-4 cells (P<0.01-P<0.001). However, 8N cells were not changed in EL-4 cells irradiated with doses of 1.0-6.0Gy X-rays compared with sham-irradiated control (P>0.05). These results demonstrated that P21 protein expression. but not cell cycle uncoupling, of EL-4 cells could be induced by ionizing radiation. It suggested that P21 might not play an important role in cell cycle uncoupling.
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92. Shen B, Ju GZ, Liu Y. Survivin and chromosome instability induced by X-irradiation. Chin J Radiol Med Prot. 2006, 26(2):129-132. [Abstract]  Objective To explore the biological effect of survivin on chromosome instability induced by X-rays.  Methods Immunocytochemistry was used to detect the expression of survivin in HeLa cells. Carrier pSUPER-SVV was transfected into HeLa cells to interfere the expression of survivin. Flow cytometry assay was applied to detect the occurrence of polyploid at 0 h, 4 h, 12 h, and 48 h after the HeLa cells transfected with pSUPER-SVV and irradiated with 4 Gy X-rays, and compared with the group irradiated with 4 Gy X-rays but no transfection.  Results  The expression of survivin was down-regulated by transfecting with small hairpin RNA, and its depression rate was estimated to be about 32·16% at 48 h after transfection. The occurrence of polyploid gaint cells was higher in the 4 Gy X-ray irradiated group at 48 h after the irradiation than that in control group (P<0·001). With expression of survivin interfered, the occurrence of polyploid gaint cells at 12 h or 48 h after irradiation, however, was about two times higher than that in the control group.  Conclusion X-ray irradiation can induce chromosome instability in HeLa cells and the effect could be enhanced by interfering the expression of survivin. It was suggested that survivin plays an important role in maintaining the stability of chromosome.

93. Ju GZ, Sun SL, Fu SB, Yan FQ, Liu Y, Li PW. Effect of ionizing radiation on caspase-3 protein expression in EL-4 cells in mice. Journal of Jilin University Medicine Edition. 2006, 32(2):179-181. [Abstract]  Objective To investigate the effect of ionizing radiation on caspase-3 protein expression of EL-4 cells  Methods Mouse lymphoma EL-4 cell line was used. Flow cytometry (FCM) was used to examine caspase-3 protein expression and apoptosis. For dose-effect experiment, caspase-3 protein expression and apoptosis were measured 24 h after X-irradiation with doses of 0·5, 1·0, 2·0, 4·0 and 6·0 Gy. For time course experiment, caspase-3 protein expression was measured at 2, 4, 8, 12, 24 and 72 h after 4.0 Gy X-irradiation.  Results In dose-effect experiment, it was demonstrated that the caspase-3 protein expression of EL-4 cells was increased significantly 24 h after X-irradiation with the doses of 0·5, 2·0, 4·0 and 6·0 Gy compared with sham-irrad (P<0·05 or P<0·01). It was also shown that apoptosis of EL-4 cells was induced significantly 24 h after X-irradiation with the doses 0·5, 1·0 and 4·0 Gy compared with sham-irrad (P<0·05 or P<0·01). In time course experiment, the results showed that the caspase-3 protein expression of EL-4 cells was increased significantly 8, 12 and 24 h after 4·0 G X-irradiation compared with sham-irrad (P<0.01 or P<0.001). Conclusion Caspase-3 protein expression and apoptosis in EL-4 cells could be induced by X-rays.
94. Tian M, Piao CJ, Zhao BF, Li XY, Su X. Construction of human soluble TRAIL expression vector and its effect on apoptosis of tumor cells. Chin J Gerontol, 2006，11：1495-1497。  【Abstract】　Objective　To construct soluble TNF related apoptosis inducing ligand (TRAIL) expression vector and investigate the apoptotic effect of TRAIL transient transfer on EJ human bladder cancer cells. Methods　Human soluble TRAIL containing TNF-α signal was cloned by gene splicing by overlap extension (SOE) method and then was linked with T-vector1 After sequenced, the   expression vector pcD-NA3.1-sTRAIL was constructed and was transfected into EJ cells under mediation of GeneCompanionTM in vitro. The expression of TRAIL was detected by RT-PCR and Western blot. The early and late apoptosis of transfected cells was detected by flow cytometry. The cell survival level was determined by colony formation assay. Results　The expression vector pcDNA3.1-sTRAIL was successfully constructed.The percentage of apoptotic cells in pcDNA3.1-sTRAIL transfected cells was significantly increased compared with that of non-transfected cells and pcDNA3.1 cells. The rate of clone formation of pcDNA3.1-sTRAIL transfected cells (51.34%) was significantly lower than that of non-transfected cells and pcDNA3.1 transfected cells. Conclusions　Expression vector pcDNA3.1-sTRAIL transiently transfected can induce apoptosis and obviously inhibit cell survival.
95. Tian M, Piao CJ, Liu LL, Yang W, Li XY. Apoptosis and down-regulated expression of Bcl-2 in SHG44 glioma cells induced by pEgr-hPTEN stable transfection in combination with X-ray irradiation. Chin J Radiol Med Radiol Prot 2006，26(2):106-109. [Abstract】　Objective 　To investigate the apoptotic effect and the changes of Bcl-2 protein expression of pEgr-hPTEN stable transfection in SHG44 human glioma cells in combination with irradiation. Methods 　pEgr-hPTEN vector containing the exogenous wild type PTEN gene was transfected into SHG44 cells under mediation of lipofectamine in vitro; the positive cell clones called SHG44-hPTEN were selected and amplified by using G418. Transmission electron microscope was used to detect the cell ultrastructural changes and flow cytometry to measure the apoptotic effect and Bcl-2 expression of SHG44- hPTEN cells after X-ray irradiation at different doses. Results 　Many degenerative changes and early apoptotic changes including chromosome condensation around the nuclear envelope were observed in SHG44- hPTEN cells. pEgr-hPTEN stable transfection in combination with X-ray irradiation can significantly induce apoptosis of SHG44 cells. The percentage of early apoptosis of SHG44-hPTEN cells irradiated with X-rays at different doses was 1.5-2.3 times as much as that of SHG44-hPTEN/0 Gy group, 1.9-4.4 times as much as that of SHG44 irradiated group , and 3.4-5.1 times as much as that of SHG44/0 Gy group. The expression of Bcl-2 proteins decreased in a dose-dependent manner. Conclusion 　PTEN stable transfection in combination with irradiation can significantly induce apoptosis of tumor cells and significantly down-regulate the expression of Bcl-2 protein.
96. Wang ZC, Zhao HG, Piao CN, Liu GW, Liu SC, Lv Z, Gong SL. Effect of low dose radiation on cytochrome c and caspase-3 protein expressions in spermatogenic cells of mouse testis. Chin J Radiol Med Protect, 2006, 26 (2): 151-154. [Abstract] Objective  To investigate the effect of low dose radiation on the expressions of cytochrome c (Cyt c) and caspase-3 proteins in spermatogenic cells of mouse testis. Methods  The relationships of dose- and time-effect of Cyt c and caspase-3 protein expressions after low dose radiation with different dose X-irradiation were observed in the spermatogenic cells of mouse testis with immunohistochemical technique (SABC). Results  After irradiation with 0, 0.025, 0.05, 0.075, 0.1 and 0.2 Gy, Cyt c and caspase-3 proteins expressed in all kinds of spermatogenic cells in different degrees, and principally in spermatogonia and spermatocytes, but less in spermatids and spermazoa. And the expressions increased with the increasing of irradiation doses. The expressions of Cyt c and caspase-3 proteins after irradiation with 0.075 Gy increased with time prolongation and reached to the peak at 12 h late, then descreased. Conclusin  The expressions of Cyt c and caspase-3 proteins in spermatogenic cells of mouse testis induced by low dose radition have dose- and time-effect regularity.
97. Wu N，Liu YZ，Xu RM，Liu Y，Jin SZ. Effects of whole-body irradiation with X-rays on apoptosis in mouse splenocytes and peritoneal macrophages J Jilin Univ (Med Ed) 2006, 32(6): 950-952. [Abstract] Objective  To study the effects of whole-body irradiation（WBI）with different doses of X-rays on apoptosis in mouse splenocytes and peritoneal macrophages. Methods The apoptosis percentages of mouse splenocytes and peritoneal macrophages were detected with flow cytometry（FCM）at different times after the whole-body X-irradiation using the staining of Annexin-V and PI. Results As compared with the control，the percentage of apoptosis in mouse splenocytes began to increase gradually 24 h after WBI with 2 Gy X-rays（Ｐ< 0.05），and the increase of the percentage of apoptosis in mouse peritoneal macrophages arose 4 h after 2 Gy irradiation sustaining at higher level up to 48 h （Ｐ < 0.05，Ｐ < 0.01，Ｐ < 0.001）. After WBI with 0.075 Gy X-rays，the percentage of apoptosis in mouse splenocytes reduced at 24 h （Ｐ < 0.05） and the percentage of apoptosis of peritoneal macrophages significantly reduced from 2 h to 16 h（Ｐ < 0.05）as compared with the control. Conclusion High dose irradiation induces apoptosis in mouse splenocytes and peritoneal macrophages， while low dose irradiation causes an opposite effect suppressing immunocyte apoptosis.
98. Yang W, Sun T, Liu SC, Piao CJ, Lian GS, Li XY, Gong SL. Anti-tumor effect of repeated low dose of pEgr-IFNγ-Endostatin gene-radiotherapy on mice bearing Lewis lung carcinoma. J Jilin Univ (Medicine Edition)，2006，32（4）：547-549. [Abstract] Objective 　To study the anti-tumor effect of repeated low dose pEgr-IFNγ-Endostatin gene-radiotherapy on mice bearing Lewis lung carcinoma. Methods 　Mice bearing Lewis lung carcinoma were divided randomly into control , 10 Gy, 4 ×2.5 Gy, 4 ×P, P + 10 Gy and 4 × (P + 2.5 Gy) groups. The pEgr-IFNγ-Endostatin plasmid packaged with liposome was injected into tumors which were irradiated by X-ray 36 h later. Tumor growth rates at different times were observed after gene-radiotherapy. Number of lung metastatic nodes and tumor weight of the mice were detected 18 d after gene-radiotherapy. Results 　Tumor growth rate of the mice in gene-radiotherapy for four-times group was significantly lower than that for only once group 12-18 d after gene-radiotherapy. Number of lung metastatic nodes and tumor weight of the mice in gene-radiotherapy for four-times group were significantly lower than those for only once group 18 d after gene-radiotherapy. Conclusion 　Anti-tumor effect of repeated low dose pEgr-IFNγ-Endostatin gene-radiotherapy is better than that of high dose for only once
.
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99. Liu SZ. Cancer control related to stimulation of immunity by low dose radiation. Dose-Response, 2007, 5: 39-47 [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.
100. Jin S.Z., Pan X.N., Wu N., Jin G.H., Liu S.Z. Whole-body low dose irradiation promotes the efficacy of conventional radiotherapy for cancer and possible mechanisms. Dose response 2007, 5: 349-358. [Abstract] The purpose of the present study was to explore the possibility of establishing cancer radiotherapy protocols that could promote treatment efficacy at a reduced radiation dose. Mouse models of melanoma (B16) and Lewis lung carcinoma (LLC) were used in the experiments. Conventional local radiotherapy was combined with low dose whole-body irradiation (LDWBI) in the presence or absence of gene therapy by intratumor injection of a recombinant plasmid Egr-mIL-18-B7.1 (E18B). After a number of trials with different combinations it was found that a protocol of 2-week treatment with 2 x (E18B + 2 Gy + 0.075 Gy x 2) was found to be able to promote treatment efficacy at a reduced radiation dose. In this protocol local irradiation with 2Gy was administered 24h after intratumor injection of 10 μg of the plasmid E18B followed by LDWBI with 0.075 Gy every other day for 2 sessions in 1 week, and the procedure was repeated for another week. When this combined treatment was compared with conventional radiotherapy, i.e., 2Gy every other day 3 times in one week repeated for 2 weeks, the treatment efficacy was improved, as judged by increased average survival rate, reduced mean tumor weight, reduced pulmonary metastasis and suppressed intratumor capillary growth with a 2/3 reduction of radiation dose. Immunologic studies showed stimulated natural killer (NK) and cytotoxic T lymphocyte (CTL) activity as well as increased interferon-γ (IFN- γ) secretion in this combined treatment group as compared with the group receiving local treatment alone. It is suggested that up-regulation of host anticancer immunity by LDWBI and the initiation of expression of immune genes by both the local large dose and LDWBI are important factors in the realization of improved cancer control.
101. Xu RM, Wu N, Liu Y, Jin SZ. Effect of whole-body X-irradiation on the expression of protein kinase C θ in immune cells. Chin J Radiol Med Prot. 2007, 27(1): 60-62.   [Abstract] Objective  To study the effect of ionizing radiation on protein kinase Cθ (PKCθ) expression in immune cells from thymus and spleen. Methods Immunohistochemistry (IHC, ABC method) was used to detect the cytoplasmic expression and membrane translocation of PKCθ in the splenocytes and thymocytes at 24 h after whole body irradiation (WBI) with different doses of X-rays. Results  The results show that both LDR and HDR caused significant up-regulation of PKCθ in the cytoplasm and on the membrane of splenocytes and thymocytes, being more significant and, more in a dose-dependent manner for the thymocytes. The cytoplasmic expression of PKCθ in the thymocytes peaks with 2Gy irradiation and that in the splenocytes has not attained to the significant peak in the whole course, but with higher expression in both organs than control. The ratio of PKCθ membrane-positive cells in the thymus begins to rise dose-dependently from 0.1Gy, peaks at 2Gy and then declines dose-dependently until 10Gy; with the effect in the spleen being much more marked than that in the thymus in the range of 0.075Gy～0.5Gy, but much lower in the range of 0.5Gy～10Gy. Conclusion Under the effect of ionizing radiation the expression of PKCθ in the cytoplasm and on the plasma membrane is up-regulated significantly. 
102. Wu N，Liu YZ，Jin SZ  The effect of low dose whole-body X-irradiation on the efficacy of pEgr-IL18-B7.1 gene-radiotherapy. Chin J Radiol Med Protec, 2007,27(3): 223-225.  [Abstract] Objective To observe the therapeutic effect of whole-body irradiation with low dose X-rays in mice bearing Lewis lung carcinoma under recombinant plasmid pEgr-IL18-B7.1 gene-radiotherapy. Methods The pEgr-IL18-B7.1 recombinant plasmids mediated by polyethylenimine were injected locally into tumors of the mice with gene-radiotherapy，and then the tumors received different therapeutic regimens including local X-irradiation with 2 Gy and whole-body X-irradiation with 0.075 Gy, respectively. The anti-tumor effects of low dose X-rays in optimizing the protocol of E18B gene-radiotherapy on the tumor-bearing mice were observed. Results As compared with repeated high dose local X-irradiation alone，single time high dose local X-irradiation in combination with repeated low dose whole-body X-irradiation showed more significant inhibition of tumor growth under pEgr-IL18-B7.1 gene-radiotherapy. Conclusion Low dose whole-body X-irradiation superimposed upon a local high dose could significantly enhance the anti-tumor effect in the protocol of pEgr-IL18-B7.1 gene-radiotherapy.
103. Tian M, Wu CM, Liu LL, Piao CJ, Li XY. Effects of PTEN transfer on cell cycle progression and expression of P27kip1 following X-ray irradiation. J Jilin Univ (Med Ed)，2007，33 （2）：195-199。 [Abstract] : Objective 　To investigate the effect s of p Egr-hPTEN stable transfer combined with irradiation on the cell  cycle progression and the expression of cell cycle kinase inhibitor P27kip1 protein of SHG44 human glioma cells. Methods 　pEgr-hPTEN vector containing the exogenous wild type PTEN gene was transfected into SHG44 cells under mediation of lipofectamine in vitro, the positive cell clones were selected and amplified by using G418. Western blotting was used to measure the expression of PTEN protein. Transmission electron microscopy was adopted to detect the cell ultrastructural changes and flow cytometry was adopted to analyze the changes of cell cycle progression and the expression of P27kip1 in SHG44-sPTEN cells followed by different doses of X-ray irradiation. Results 　Egr-1 promoter could be induced and activated by irradiation enhancing the expression of downstream PTEN gene within 5Gy. The ultrastructure of SHG44-sPTEN cells had many degenerative changes and many early apoptotic changes including  chromosome condensation around the nuclear envelope. pEgr-hPTEN stable transfer combined with X-ray irradiation could significantly induce G1 arrest . The expression of P27kip1 proteins increased in SHG44-sPTEN stable transfected cells. Conclusion 　PTEN stable transfer combined with irradiation can significantly induce G1 arrest . The molecular basis may be correlated with the enhanced expression of PTEN induced by irradiation and increased expression of cell cycle kinase inhibitor P27kip1.

104. Yang JZ，Jin GH, Liu XD, Liu SZ. Therapeutic effect of pEgr-IL18-B7.2 gene radiotherapy in B16 melanoma-bearing mice. Human Gene Therapy 2007, 18 (4): 323-332. [Abstract] To evaluate the antitumor role of genes B7.2 and IL18, the radiation-inducible dual-gene coexpression plasmid pEgr-IL18-B7.2 was constructed and its effects on tumor were detected both in vitro and in vivo. After the introduction of pEgr-IL18-B7.2 into B16 melanoma cells, followed by X-ray irradiation, higher expression levels of B7.2 and IL18 compared with control were found both by flow cytometry and enzyme-linked immunosorbent assay. It was shown that even low-dose irradiation was able to induce their expression, which could be tightly regulated either by giving cells different doses of radiation or the same dose at different time points. pEgr-IL18-B7.2 was then packaged with liposome and injected into melanoma tumor-bearing mice. The tumors received 5 Gy of local X-ray irradiation every other day for a total of five treatments. B16 tumor growth slowed significantly when treated with pEgr-IL18-B7.2 plus X-radiation versus either treatment separately. Both 1 and 3 days after the last irradiation the group of mice with combined gene and radiation therapy showed significantly higher tumor necrosis factor (TNF)-alpha secretion in peritoneal macrophages, upregulated splenic cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells, and higher interferon (IFN)-alpha secretion than those in either individual treatment group or the control group. The stimulation of host anticancer immunity by increased secretion of IL-18 and upregulated immunogenicity of the tumor cells by increased expression of B7.2 on their surface, in addition to the direct effect of local X-irradiation on the tumor cells, may contribute to the novel effect of the combined therapy.
105. Shan YX, Jin SZ, Liu XD, Liu Y, Liu SZ. Ionizing radiation stimulates secretion of pro-infammatory cytokines. Radiat Environ Biophys 2007, 46:21–29. [Abstract] In previous studies we showed a marked increase in secretion of infammatory cytokines TNF( and interleukin (IL)-1( by mouse macrophages in response to different doses of ionizing radiation (IR). Here we show the stimulation of IL-12 and IL-18 secretion by mouse peritoneal macrophages after whole-body irradiation with exploration of the possible mechanisms and implications in cancer radiotherapy. Both low (0.075 Gy) and high (2 Gy) doses of IR were found to cause sustained stimulation of IL-12 and IL-18 secretion by mouse macrophages; this paralleled the activation of NF-(B as well as up-regulated expression of CD14 and TLR4–MD2 on the macrophage surface and MyD88 in the cytoplasm. The expression of CD14, TLR4–MD2 and MyD88 increased in a dose-dependent manner from radiation doses between 0.05 and 2 Gy. The secretion of IL-12 and IL-18 showed a dose-dependent increase from doses between 0.05 and 4 Gy. It is concluded that IR can stimulate the secretion of IL-12 and IL-18 presumably via activation of the Toll signaling pathway in macrophages. The potential harmful effect of repeated doses of radiation used in radiotherapy for certain cancers is discussed.
106.  Jin GH, Liu Y, Jin SZ, Liu XD, Liu SZ. UVB induced oxidative stress in human keratinocytes and protective effect of antioxidant agents. Radiat Environ Biophys (2007) 46:61–68. [Abstract] This study aims at exploring the oxidative stress in keratinocytes induced by UVB irradiation and the protective effect of nutritional antioxidants. Cultured Colo-16 cells were exposed to UVB in vitro followed by measurement of reactive oxygen species (ROS), endogenous antioxidant enzyme activity, as well as cell death in the presence or absence of supplementation with vitamin C, vitamin E, or Ginsenoside Panoxatriol. Intracellular ROS content was found significantly reduced 1 h after exposure, but increased at later time points. After exposure to 150–600 J m-2 UVB, reduction of ROS content was accompanied by increased activity of catalase and CuZn-superoxide dismutase at early time points. Vitamins C and E, and Ginsenoside Panoxatriol counteracted the increase of ROS in the Colo-16 cells induced by acute UVB irradiation. At the same time, Ginsenoside Panoxatriol protected the activity of CuZn-superoxide dismutase, while vitamin E showed only a moderate protective role. Vitamins C and E, and Ginsenoside Panoxatriol in combination protected the Colo-16 cells from UVB-induced apoptosis, but not necrosis. These findings suggest that vitamins C and E as well as Ginsenoside Panoxatriol are promising protective agents against UVB-induced damage in skin cells.
107. Ju GZ, Shen B, Sun SL, Yan FQ and Fu SB. Effect of X-rays on the expression of caspase-3, p53 in EL-4 cells and its biological implications. Biomed and Environ Sci. 2007, 20: 456-459. [Abstract] Objective  To investigate the effect of X-rays on the expression of caspase-3, p53 protein in EL-4 cells and its implications in the induction of apoptosis and polyploidy cells.  Methods Mouse lymphoma cell line, EL-4 cells, was used. Fluorescent staining and flow cytometry analysis were employed for the measurement of protein expression, apoptosis, cell cycle and polyploidy cells.  Results It was found that the expression of caspase-3 protein increased significantly at 8 h and 12 h compared with sham-irradiated control (P<0.05, respectively) and the expression of p53 protein increased significantly at 2, 4, 8, 12 and 24 h compared with sham-irradiated control (P<0.05~P<0.01) in EL-4 cells after 4.0 Gy X-irradiation. The results showed that apoptosis of EL-4 cells was increased significantly at 2，4，8，12，24，48 and 72 h after 4.0Gy exposure compared with sham-irradiated control (P<0.05~P<0.001). The results also showed that G2 phase cells were increased significantly at 4, 8, 12, 24, 48 and 72 h (P<0.05~P<0.001), however, no marked change in the number of 8 C polyploidy cells was found from 2~48 h after 4.0Gy exposure.  Conclusion Our results indicated that the expressions of caspase-3 and p53 protein in EL-4 cells could be induced by X-rays, which might play an important role for the induction of apoptosis and the molecular pathway for polyploid formation might be p53-independent.
108. Cheng GH, Zhao HG, Li YB, Guo W, Gong SL Change of p53 protein in adaptive respone of EL-4 cells induced by low dose ionizing radiation. Tumor, 2007, 27 (4): 269-271.[Abstract] Objective: To investigate the expression of p53 protein in the adaptable reaction of EL-4 cells induced by low dose radiation (LDR), which may provide the experimental clues for studying the repair mechanism of DNA damage in the adaptable reaction of EL-4 cells induced by LDR. Methods: EL-4 cells were divided into control, irradiation (the irradiation doses were 1, 2 and 3 Gy) and adaptable radiation groups (75 mGy + 1 Gy, 75 mGy + 2 Gy and 75 mGy + 3 Gy). The p53 mRNA and protein expressions in EL-4 cells were measured by flow cytometry and RT-PCR methods, respectively. Results: The expression levels of p53 protein in the three adaptive radiation groups were significantly higher than that in the normal control group (P < 0.01). 75 mGy induced the adaptive reaction of EL-4 cells and decreased the expression level of p53 protein as compared with that in the control group (P < 0.01). The expression level of p53 mRNA showed the same change as its protein level in EL-4 cells. Conclusion: The expression level of p53 protein decreased in the adaptive radiation group, which suggests that p53 might play an important role in the adaptive response of EL-4 cells induced by LDR. 
109. Du X, Zhao HG, Wang W, Guo W, Gong SL Effects of 3-AB on PARP expression, apoptosis and cell cycle progression of Hela cells after X-ray irradiation. J Jilin Univ (Med Ed), 2007, 33 (3): 418-421.[Abstract] Objective  To study the changes of apoptosis and cell cycle progression of Hela cells after the poly (ADP-ribose) polymerase (PARP) inhibited by its inhibitor 3-aminobenzamid (3-AB) and the effect mechanisms of PARP on Hela cells damaged by irradiation. Methods Flow cytometry (FCM) was used to examine the PARP expression, the percentage of apoptotic cells and cell cycle progression. Results  The percentage of Hela cells with positive expression of PARP protein 2, 4, 8 and 12 h after administration with 3-AB was significantly lower than that in the control (P < 0.01). The percentage of apoptotic cells in the 3-AB plus irradiation group 2, 8, 12 and 24 h after 2 Gy irradiation was higher than that in the irradiation group (P < 0.01 or P < 0.05), and the percentage of G2 cells decreased significantly (P < 0.01 or P < 0.05). Conclusion 3-AB could rapidly inhibit the PARP expression of Hela cells, enhance the apoptosis, and block G2 arrest induced by irradiation.

110. Du X, Wang ZC, Wang H, Li YB, Gong SL. Radiosensitization effect of PARP inhibitor 3-AB and its mechanism. Chin J Radiol Med Protect, 2007, 27 (4): 409-410. [Abstract] Objecetive To investigate the radiosensitization effect of the 3-aminobenzamid (3-AB) which is the inhibitor of poly (ADP-ribose) polymerase (PARP) and explore its mechanisms.  Methods  Hela cells were damaged with 0 − 4 Gy irradiation after administrated with 5 mmol/L 3-AB and investigated the survival fraction with MTT. The change of the Hela cells damaged 0 − 12 h after irradiation with X-rays was investigated with single cell gel electrophoresis (SCGE). Results  the survival fraction in the 3-AB group decreased significantly. The damage Hela cells at different times after irradiation of different doses after administrated with 5 mmol/L 3-AB were higher than those in the radiation groups.  Conclusion  3-AB as a PARP inhibitor can aggravate the irradiation-induced damage. And this may be one of the mechanisms that 3-AB could enhance the cell radiosensitivity.

111.  Wang ZC, Li YB, Guo W, Zhao HG, Jiang XY, Lu WT, Gong SL. Effects of low dose radiation on activity of reactive oxygen species and mitochondrion membrane potential in spermatogenic cells of mouse testes. J Jilin Univ (Med Ed), 2007, 33 (5): 786-789. [Abstract] Objective To investigate the effects of low dose X-ray radiation on the activity of the reactive oxygen species (ROS) and mitochondrion membrane potential (△Ψm) in spermatogenic cells of mouse testes. Methods The ROS activity and △Ψm in the cells were measured indirectly by flow cytometry with 2’,7’-dichlorofluorescin diacetate (DCFH-DA) and Rhodamine 123 probes. Results  The ROS activity increased with the increase of irradiation doses 12 h after irradiation as compared with that in the 0 Gy group (P < 0.05); but the △Ψm decreased with the increase of irradiation (P < 0.05). After irradiation with 0.075 Gy X-ray, the ROS activity increased with time prolongation as compared with that in the 0 h group (P < 0.05), reached the peak at 12 h later, and kept the higher level; but △Ψm decreased with the time prolongation (P < 0.05), and reached the lowest level at 12 h later, then recovered graduatlly to the normal level. Conclusion  Low dose radiation can induce the increase of ROS and the decrease of △Ψm in spermatogenic cells of mouse testes in the pattern of dose- and time-effect. 

112. Xu RM，Wu N, Liu YZ，Jin SZ. Change in expression of LAMP-1 on the splenocytes after WBI of mice with X-rays. Chin J Radiol Med Prot. 2007, 27(2): 121-124. [Abstract]  Objective  To study the effect of mice WBI with X-rays on the expression of LAMP-1 on the splenocytes. Methods The LAMP-1 positive cells from mouse splenocytes were detected by flow cytometry (FCM) with immunofluorescence at different times (0, 2, 4, 8, 16, 24 and 48 h) after whole body irradiation (WBI) with X-rays of 0.075 Gy and 2.0 Gy.  Results  LAMP-1 expression on the splenocytes was significantly inhibited 8, 16, 24 h after WBI by 2. 0 Gy X-rays while the LAMP-1 expression was markedly enhanced 2 h and suppressed 48 h after WBI with 0.075 Gy X-rays. Conclusion LAMP-1 which plays an important role in immune activity is differentially affected by low versus high dose of radiation. High dose radiation inhibits the LAMP-1 expression and the low dose radiation possibly causes the opposite biological effect in the early phase after WBI.
113. Yang W, Sun T, Gong PS, Li XY, Gong SL. Construction of recombinant plasmid pIRESEgr-IFNγ and its expression in Lewis lung carcinoma induced by irradiation. J Jilin Univ (Med Ed)，2007，33 （5）：790-793。[Abstract] : Objective To construct the recombinant plasmid pIRESEgr-IFNγ and detect its expression in Lewis lung carcinoma induced by irradiation in vitro. Methods The recombinant plasmid pIRESEgr-IFNγ containing Egr-1 promoter and IFNγ gene was constructed with gene recombinant technique. The plasmid was transferred into Lewis lung carcinoma by liposome in vitro. The correlations of dose- and time- effects in the expression of IFNγ gene induced by X-ray were detected by ELISA. Results 　The identification with enzymes proved that Egr-1 promoter and IFNγ gene were inserted into vector pIRES1neo correctly. After X-ray irradiation with different doses, the expression of IFNγ in the supernatant of Lewis lung carcinoma transfected by pIRESEgr-IFNγ was significantly higher than that in 0 Gy group ( P < 0.001) . After 5 Gy X-ray irradiation, the expression of IFNγ was the highest , being 4.39 times as much as that in 0 Gy group. The expression of IFNγ in the supernatant increased 36 h after irradiation after 5 Gy X-ray irradiation , being 6.27 times as much as that in 0 h group. Conclusion 　The recombinant plasmid pIRESEgr-IFNγ is constructed successfully, and it has the property of enhancing the expression of IFNγ gene induced by irradiation.
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