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Effects of Corticosterone, cAMP, cGMP, Ca®*, and Protein Kinase C
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Objective  To observe the effects of signal factors of corticosterone (CS), cAMP, cGMP, Ca®" and protein kinase C (PKC)
on lymphocyte apoptosis in mouse thymus induced by X-rays of 4 Gy in vitro. Methods The DNA lytic rate for thymocytes
was measured by fluorospectrophotometry. Results The DNA lytic rate for thymocytes 4-8 hours after irradiation with 2-8
Gy was significantly higher than that in the control (P<0.01). As compared with the control, the DNA lytic rate for thymocytes
treated with 0.01 pmol/L CS (P<0.01), 50 ng/mL cAMP (P<0.01), 0.05-0.4 pg/mL ionomycin (Iono, P<0.05 or P<0.01) or
0.05-0.4 ng/mL phorbol myristate acetate (PMA, P<0.05 or P<0.01), respectively, was significantly increased, while the rate for
thymocytes treated with 50 ng/mL cGMP was not significantly increased. The DNA lytic rate for thymocytes treated with 0.01
umol/L CS (P<0.01), 50 ng/mL cAMP (P<0.01), 0.2 and 0.4 pg/mL Iono (P<0.05), and 0.2 and 0.4 ng/mL PMA (P<0.05) plus
4-Gy irradiation, respectively, was significantly higher than that treated with single 4-Gy irradiation, while the rate for
thymocytes treated with 50 ng/mL ¢cGMP plus 4-Gy irradiation was not increased. When both 0.4 pg/mL Iono and 0.4 ng/mL
PMA acted on the thymocytes, the DNA lytic rate for thymocytes was significantly higher than that in the control (P<0.01), the
DNA lytic rate for thymocytes treated with both 0.4 pg/mL Iono and 0.4 ng/mL PMA plus 4-Gy irradiation was significantly
higher than that treated with single 4-Gy irradiation (P<0.05), but was not significantly higher than that treated with 0.4 pg/mL
Tono plus 4-Gy irradiation or 0.4 ng/mL PMA plus 4-Gy irradiation. Conclusion CS, cAMP, Ca*>",and PKC signal factors
can promote thymocyte apoptosis induced by larger dose X-rays.

www.besjournal.com

Key words: Corticosterone; cAMP; cGMP; Ca**; PKC; X-ray irradiation; Lymphocyte; Apoptosis

ACKNOWLEDGEMENTS

This study was supported by a grant from the
National Natural Science Foundation of China
(391702750).

REFERENCES

1. Arends M J, Wyllie A H (1991). Apoptosis: mechanisms and
roles in pathology. Int Exp Pathol 32, 223-254.

2. Agrawal A, Shukla S, Kale R K (2003). Role of Ca*" in
radiation-induced damage in murine splenocytes. Int J Radiat
Biol 79, 733-746.

3. Bernhard E J, Maity A, Muschel R J, et al. (1995). Effects of

ionizing radiation on cell progression. Radiat Environ Biophys

8.

34, 79-83.

. Cataldi A, Miscia S, Centurione L, et al. (2002). Role of

nuclear PKC delta in mediating caspase-3-upregulation in
Jurkat T leukemic cells exposed to ionizing radiation. J Cell
Biochem 86, 553-560.

. Chiu H F, Chih T T, Hsian Y M, et al. (2003). Bullatacin, a

potent antitumor Annonaceous acetogenin, induces apoptosis
through a reducyion of intracellular cAMP and cGMP levels in
human hepatoma 2.2.15 cells. Biochem Pharmacol 65,
319-327.

. Fujii T, Garcia-Bermejo M L, Bernabo J L, et al. (2000).

Involvement of protein kinase C-3 (PKC-8) in phorbol
ester-induced apoptosis in LNCaP prostate cancer cells. Lack
of proteolytic cleavage of PKC-3. J Biol Chem 275,
7574-7582.

. Gong SL, Liu S C, Liu J X, et al. (2000). Adaptive response of

thymocyte apoptosis and cell cycle progression induced by low
dose X-ray irradiation in mice. Biomed Environ Sci 10,
180-188.

Gong SL,LuZ, Liu S C, et al. (2001). Time-effect of adaptive

'This study was supported by a grant from the National Natural Science Foundation of China (No. 391702750).
“Correspondence should be addressed to Yong ZHAO and Shou-Liang GONG.
Biographical note of the first author: Shou-Liang GONG, male, born in 1945, professor, supervisor for Ph. D., majoring in biological

effect of ionizing radiation.

167

0895-3988/2008
CN 11-2816/Q
Copyright © 2008 by China CDC



EFFECTS OF CS cAMP, cGMP, Ca>* AND PKC ON APOPTOSIS OF MOUSE THYMOCYTES 169

response of mouse thymocyte apoptosis and cell cycle
progression induced by low dose radiation. J N Bethune Univ
Med Sci 27, 1-5.

9. HuY Z, Li Y P, Shao C W, et al. (2000). Elevated extracellular
calcium can prevent and promote apoptosis. J Yunnan Univ (Nat
Sci Ed) 22, 232-236. (in Chinese)

10.Huang X X, Piao Y J, Zhang S, et al. (2001). Changes of
cytoplasmic free Ca>" during apoptosis of murine peritoneal
macrophage induced with dexamethasone. Chin J Microbiol
Immunol 21, 255-259. (in Chinese)

11.Kaiser N, Edelman I S (1997). Calcium dependence of
glucocorticoid-induced lymphocytosis. Proc Natl Acad Sci USA
74, 648-642.

12.Liu S Z, Zhang Y C, Mu Y, et al. (1995). Radiation effect on
thymocyte apoptosis. J N Bethune Univ Med Sci 21, 551-557.

13.Liu S Z, Zhang Y C, Mu Y, et al. (1996). Thymocyte apoptosis
in response to low-dose radiation. Mutat Res 358, 185-191.

14.Liu S Z (2003). Nonlinear dose-response relationship in the
immune system following exposure to ionizing radiation:
mechansims and implications. Nonlin Biol Toxicol Med 1,
71-92.

15.Mu Y, Liu S Z (1996). Effect of whole-body irradiation with
X-rays on apoptosis of thymocytes in mice. Chin J Radial Med
Prot 16, 307-309. (in Chinese)

16.Nakajima T, Yukawa O, Azuma C, et al. (2004). Involvement of
protein  kinase C-related anti-apoptosis signaling in
radiation-induced apoptosis in murine thymic lymphoma
(3SBHS5) cells. Radiat Res 161, 528-534.

17.Shin H J, Gye M C, Chung K H, et al. (2002). Activity of

protein kinase C modulates the apoptosis induced by
polychlorinated biphenyls in human leukemic HL-60 cells.
Toxicol Lett 135, 25-31.

18.Zhu G H, Wong B C, Slosberg E D, et al. (2000).
Overexpression of protein kinase C-f isoenzyma suppresses
indomethacin-induced apoptosis in gastric epithelial cells.
Gastoenterology 118, 507-514.

19.Shevchenko A S, Gabai V L, Kobialko V O, et al. (1997).
Increased plasma membrane permeability for Ca*" in
radiation-induced thymocyte apoptosis. Radiats Biol Radioecol
37,220-227. (in Russian)

20.Zhao Q L, Kondo T, Noda A, et al. (1999). Mitochondrial and
intracellular free-calcium regulation of radiation-induced
apoptosis in human leukemic cells. Int J Radiat Biol 75,
493-504.

21.Sellins K S, Cohen J J (1987). Gene induction by y-irradiation
leads to DNA fragmentation in lymphocytes. J Immunol 139,
3199-3206.

22.Yang H, Peng L S, Zhong X F, et al. (2001). The study of the
second signal system in T cells costimulated by anti-CD28+
B7.1 McAb and the induction of apoptosis of the hepatoma
cells. J Chin Immunol 17, 541-543. (in Chinese)

23.Wang H G, Pathan N, Ethell T M, et al. (1999). Ca*"-induced
apoptosis through calcineurin dephosphorylation of BAD.
Science 284, 339-342.

(Received April 5, 2006 Accepted October 3, 2007)



