
432j Regulation of Apoptosis by Free Fatty Acids and Tnf-α: Role of Double-Stranded RNA-
Dependent Protein Kinase (Pkr) 
Xuerui Yang, Zheng Li, Shireesh Srivastava, and Christina Chan 
Different types of free fatty acids (FFAs) have distinct roles in cellular apoptosis: saturated FFAs (e.g. 
palmitate) have been found to induce apoptosis, while unsaturated FFAs (e.g. oleate) have been found to 
protect cells from apoptosis induced by other factors such as saturated FFAs (1, 2). Saturated FFA-
induced apoptosis has been found to be dependent on the Bcl-2 level (3) and transcription factor, NF-κB, 
activity (4). Physiologically, high levels of proinflammatory cytokine, tumour necrosis factor α (TNF-α), 
and saturated FFAs usually appear simultaneously in numerous diseases, such as obesity and diabetes (5, 
6). TNF-α has been reported to induce apoptosis by various mechanisms, including down-regulating 
Bcl-2 protein expression level (7), dephosphorylating Bcl-2 at Ser 87 residue (8), activating NF-κB (3), 
and phosphorylating eukaryotic initiation factor (eIF2) α (9). Upon auto-phosphorylation and 
dimerization, PKR, a serine/threonine kinase, is activated and highly involved in phosphorylating eIF2-α 
(10), activating NF-κB through I-κB kinase complex (IKK) (11), and stimulating protein phosphatase 
2A (PP2A) (12), which in turn dephosphorylates Bcl-2 at both serine 70 and 87 residues (13, 14). Given 
the regulatory roles of PKR in activating NF-κB and phosphorylating Bcl-2 and eIF2-α, we hypothesize 
that PKR is involved in mediating FFA- and TNF-α-induced apoptosis. 

TNF-α-induced PKR activation has been observed in several systems such as articular chondrocytes and 
U937 cells (15-17), however in our in vitro system (HepG2/C3A cell line), TNF-α was found to 
decrease the phosphorylation of PKR in both control and palmitate cultures. Saturated FFA (palmitate) 
also decreased the phosphorylation of PKR while unsaturated FFA (oleate) had no effect on PKR 
phosphorylation. By inhibiting PKR activity, we found that PKR is required for maintaining the level of 
Bcl-2 in HepG2/C3A cells. We proposed that PKR is involved in the signaling from FFAs and TNF-α to 
Bcl-2. In addition, we studied the role of PKR in mediating the phosphorylation of Bcl-2 and eIF-2α, 
which help transduce the apoptotic signals initiated by FFAs and TNF-α. Our findings suggest a role of 
PKR in FFA- and TNF-α-induced apoptosis, mediated through the protein level and phosphorylation 
status of Bcl-2 and eIF-2α. 

References  

1. Lu ZH, Mu YM, Wang BA, Li XL, Lu JM, Li JY, Pan CY, Yanase T, Nawata H. Saturated free fatty 
acids, palmitic acid and stearic acid, induce apoptosis by stimulation of ceramide generation in rat 
testicular Leydig cell. Biochem Biophys Res Commun. 2003 Apr 18;303(4):1002-7.  

2. Mu YM, Yanase T, Nishi Y, Tanaka A, Saito M, Jin CH, Mukasa C, Okabe T, Nomura M, Goto K, 
Nawata H. Saturated FFAs, palmitic acid and stearic acid, induce apoptosis in human granulosa cells. 
Endocrinology. 2001 Aug;142(8): 3590-7.  

3. Lupi R, Dotta F, Marselli L, Del Guerra S, Masini M, Santangelo C, Patane G, Boggi U, Piro S, 
Anello M, Bergamini E, Mosca F, Di Mario U, Del Prato S, Marchetti P. Prolonged exposure to free 
fatty acids has cytostatic and pro-apoptotic effects on human pancreatic islets: evidence that beta-cell 
death is caspase mediated, partially dependent on ceramide pathway, and Bcl-2 regulated. Diabetes. 
2002 May;51(5):1437-42.  

4. Kharroubi I, Ladriere L, Cardozo AK, Dogusan Z, Cnop M, Eizirik DL. Free fatty acids and cytokines 
induce pancreatic beta-cell apoptosis by different mechanisms: role of nuclear factor-kappaB and 
endoplasmic reticulum stress. Endocrinology. 2004 Nov;145(11):5087-96.  



5. Feldstein AE, Werneburg NW, Canbay A, Guicciardi ME, Bronk SF, Rydzewski R, Burgart LJ, 
Gores GJ. Free fatty acids promote hepatic lipotoxicity by stimulating TNF-alpha expression via a 
lysosomal pathway. Hepatology. 2004 Jul;40(1):185-94.  

6. Iturralde M, Gamen S, Pardo J, Bosque A, Pineiro A, Alava MA, Naval J, Anel A. Saturated free fatty 
acid release and intracellular ceramide generation during apoptosis induction are closely related 
processes. Biochim Biophys Acta. 2003 Oct 20;1634(1-2):40-51.  

7. Latti S, Leskinen M, Shiota N, Wang Y, Kovanen PT, Lindstedt KA. Mast cell-mediated apoptosis of 
endothelial cells in vitro: a paracrine mechanism involving TNF-alpha-mediated down-regulation of bcl-
2 expression. J Cell Physiol. 2003 Apr;195(1):130-8.  

8. Breitschopf K, Haendeler J, Malchow P, Zeiher AM, Dimmeler S. Posttranslational modification of 
Bcl-2 facilitates its proteasome-dependent degradation: molecular characterization of the involved 
signaling pathway. Mol Cell Biol. 2000 Mar;20(5):1886-96.  

9. Jeffrey IW, Bushell M, Tilleray VJ, Morley S, Clemens MJ. Inhibition of protein synthesis in 
apoptosis: differential requirements by the tumor necrosis factor alpha family and a DNA-damaging 
agent for caspases and the double-stranded RNA-dependent protein kinase. Cancer Res. 2002 Apr 
15;62(8):2272-80.  

10. Srivastava SP, Kumar KU, Kaufman RJ. Phosphorylation of eukaryotic translation initiation factor 2 
mediates apoptosis in response to activation of the double-stranded RNA-dependent protein kinase. J 
Biol Chem. 1998 Jan 23;273(4):2416-23.  

11. Gil J, Esteban M. Induction of apoptosis by the dsRNA-dependent protein kinase (PKR): mechanism 
of action. Apoptosis. 2000 Apr;5(2):107-14.  

12. Xu Z, Williams BR. The B56alpha regulatory subunit of protein phosphatase 2A is a target for 
regulation by double-stranded RNA-dependent protein kinase PKR. Mol Cell Biol. 2000 
Jul;20(14):5285-99.  

13. Ruvolo PP, Deng X, Ito T, Carr BK, May WS. Ceramide induces Bcl2 dephosphorylation via a 
mechanism involving mitochondrial PP2A. J Biol Chem. 1999 Jul 16;274(29):20296-300.  

14. Simizu S, Tamura Y, Osada H. Dephosphorylation of Bcl-2 by protein phosphatase 2A results in 
apoptosis resistance. Cancer Sci. 2004 Mar;95(3):266-70.  

15. Yeung MC, Liu J, Lau AS. An essential role for the interferon-inducible, double-stranded RNA-
activated protein kinase PKR in the tumor necrosis factor-induced apoptosis in U937 cells. Proc Natl 
Acad Sci U S A. 1996 Oct 29;93(22):12451-5.  

16. Gilbert SJ, Duance VC, Mason DJ. Tumour necrosis factor alpha up-regulates protein kinase R 
(PKR)-activating protein (PACT) and increases phosphorylation of PKR and eukaryotic initiation factor 
2-alpha in articular chondrocytes. Biochem Soc Trans. 2002 Nov;30(Pt 6):886-9.  

17. Gilbert SJ, Duance VC, Mason DJ. Does protein kinase R mediate TNF-alpha- and ceramide-
induced increases in expression and activation of matrix metalloproteinases in articular cartilage by a 
novel mechanism? Arthritis Res Ther. 2004;6(1):R46-R55.  


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print



