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RECOMMENDATIONS 

The results of the present study may have several future clinical implications: 

- A better understanding of the cross talk between mTOR pathway and autophagy during 

chronic HCV infection is needed particularly with the presence of several autophagy 

inducers in the liver microenvironment. 

- Future research is needed to evaluate the possible role of anti-viral therapy in modulating 

mTOR and autophagy dysregulation in patients with chronic HCV infection in relation 

to the improvement in HCV-induced liver histology. 

- Studies with larger numbers of patients are needed to verify the value of serum mTOR 

level as a potential diagnostic biomarker for the development of HCC in patients with 

HCV-related liver cirrhosis. 

- Clinical trials are required for studying the effects of mTOR inhibitors in limiting liver 

inflammation, fibrosis and steatosis in patients with chronic HCV infection and the role 

of targeting mTOR as a potential anti-cancer therapy for HCC. 

- Further studies are needed to clarify the role of autophagy in the process of liver fibrosis 

and hepatocarcinogenesis before a therapeutic approach targeting autophagy can be used 

to treat patients with liver fibrosis and HCC.  

 

 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 113 -

REFERENCES 

1. Chen SL, Morgan TR. The Natural history of hepatitis C virus (HCV) infection. Int J 

Med Sci 2006; 3: 47-52. 

2. Lavanchy D. The global burden of hepatitis C. Liver Int 2009; 29 (s1): 74-81. 

3. Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus infection. 

Lancet Infect Dis 2005; 5: 558-67. 

4. El-Zanaty F, Way A. Egypt Demographic and Health Survey 2008. Egyptian Ministry 

of Health 2009; 431. 

5. Lehman EM, Wilson ML. Epidemic hepatitis C virus infection in Egypt: estimates of 

past incidence and future morbidity and mortality. J Viral Hepat 2009; 16: 650-8. 

6. Miller FD, Abu-Raddad LJ. Evidence of intense ongoing endemic transmission of 

hepatitis C virus in Egypt. Proc Nat Acad Sci 2010; 107: 14757-62. 

7. Sharma SD. Hepatitis C virus: Molecular biology & current therapeutic options. Indian 

J Med Res 2010; 131: 17-34. 

8. Ashfaq UA, Javed T, Rehman S, Nawaz Z, Riazuddin S. An overview of HCV 

molecular biology, replication and immune responses. Virol J 2011; 8: 161-70. 

9. Worman HJ, Lin F. Molecular biology of liver disorders: the hepatitis C virus and 

molecular targets for drug development. World J Gastroenterol 2000; 6: 465-9. 

10. Suzuki R, Sakamoto S, Tsutsumi T, Rikimaru A, Tanaka K, Shimoike T, et al. 

Molecular determinants for subcellular localization of hepatitis C virus core protein. J 

Virol 2005; 79: 1271-81. 

11. Lai MMC, Ware CF. Hepatitis C virus core protein: Possible roles in viral 

pathogenesis. In: Hagedorn C, Rice C, eds. The Hepatitis C virus. Springer: Berlin, 

Heidelberg. 2000: 117-34. 

12. Drummer HE, Maerz A, Poumbourios P. Cell surface expression of functional hepatitis 

C virus E1 and E2 glycoproteins. FEBS Lett 2003; 546: 385-90. 

13. Allander T, Drakenberg K, Beyene A, Rosa D, Abrignani S, Houghton M, et al. 

Recombinant human monoclonal antibodies against different conformational epitopes 

of the E2 envelope glycoprotein of hepatitis C virus that inhibit its interaction with 

CD81. J Gen Virol 2000; 81: 2451-9. 

14. Bartosch B, Verney G, Dreux M, Donot P, Morice Y, Penin F, et al. An interplay 

between hypervariable region 1 of the hepatitis C virus E2 glycoprotein, the scavenger 

receptor bi, and high-density lipoprotein promotes both enhancement of infection and 

protection against neutralizing antibodies. J Virol 2005; 79: 8217-29. 

15. Luik P, Chew C, Aittoniemi J, Chang J, Wentworth PJr, Dwek RA, et al. The 3-

dimensional structure of a hepatitis C virus p7 ion channel by electron microscopy. 

Proc Nat Acad Sci USA 2009; 106: 12712-6.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 114 -

16. Dubuisson J. Hepatitis C virus proteins. World J Gastroenterol 2007; 13: 2406-15. 

17. Welbourn S, Pause A. The hepatitis C virus NS2/3 protease. Curr Issu Mol Biol 2007; 

9: 63-9. 

18.  Serebrov V, Pyle AM. Periodic cycles of RNA unwinding and pausing by hepatitis C 

virus NS3 helicase. Nature 2004; 430: 476-80. 

19.  Sillanpaa M, Melen K, Porkka P, Fagerlund R, Nevalainen K, Lappalainen M, et al. 

Hepatitis C virus core, NS3, NS4B and NS5A are the major immunogenic proteins in 

humoral immunity in chronic HCV infection. Virol J 2009;6: 84. 

20. Lin C, Wu JW, Hsiao K, Su MS. The hepatitis C virus NS4A protein: interactions with 

the NS4B and NS5A proteins. J Virol 1997; 71: 6465-71. 

21. Hugle T, Fehrmann F, Bieck E, Kohara M, Krausslich HG, Rice CM, et al. The 

hepatitis C virus nonstructural protein 4B is an integral endoplasmic reticulum 

membrane protein. Virology 2001; 284: 70-81. 

22. Huang L, Hwang J, Sharma SD, Hargittai MR, Chen Y, Arnold JJ, et al. Hepatitis C 

virus nonstructural protein 5a (NS5A) is an RNA-binding protein. J Bio Chem 2005; 

280: 36417-28.  

23. Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T, Yamamoto C, et al. 

Comparison of full-length sequences of interferon-sensitive and resistant hepatitis C 

virus 1b. Sensitivity to interferon is conferred by amino acid substitutions in the NS5A 

region. J Clin Invest 1995; 96: 224-30.  

24. Moradpour D, Brass V, Bieck E, Friebe P, Gosert R, Blum HE, et al. Membrane 

association of the RNA-dependent RNA polymerase is essential for hepatitis C virus 

RNA replication. J Virol 2004; 78: 13278-84. 

25. Irshad M, Ansari MA, Singh A, Nag P, Raghvendra L, Singh S, et al. HCV-genotypes: 

a review on their origin, global status, assay system, pathogenecity and response to 

treatment. Hepatogastroenterology 2010; 57: 1529-38. 

26. El Sharkawi FZ, Chudy M, Hanschmann KM, Kress J, Nübling CM. Consistency of 

quantitation of HCV genotype 4 from Egypt across three HCV-RNA amplification 

assays. J Med Virol 2008; 80: 2086-91. 

27. Chayama K, Hayes CN. Hepatitis C virus: How genetic variability affects pathobiology 

of disease. J Gastroenterol Hepatol 2011; 26 : 83-95.  

28. Kato N. Genome of human hepatitis C virus (HCV): gene organization, sequence 

diversity, and variation. Microb Comp Genomics 2000; 5: 129-51. 

29. Martell M, Esteban JI, Quer J, Genesca J, Weiner A, Esteban R, et al. Hepatitis C virus 

(HCV) circulates as a population of different but closely related genomes: quasispecies 

nature of HCV genome distribution. J Virol 1992; 66: 3225-9.  

30. Cristina J, del Pilar Moreno M, Moratorio G. Hepatitis C virus genetic variability in 

patients undergoing antiviral therapy. Virus Res 2007; 127: 185-94. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 115 -

31. Samreen B, Khaliq S, Ashfaq UA, Khan M, Afzal N, Shahzad MA, Riaz S, Jahan S. 

Hepatitis C virus entry: Role of host and viral factors. 

Infect Genet Evol 2012; 12: 1699-709. 

32. Wunschmann S, Medh JD, Klinzmann D, Schmidt WN, Stapleton JT. Characterization 

of hepatitis C virus (HCV) and HCV E2 interactions with CD81 and the low-density 

lipoprotein receptor. J Virol 2000; 74: 10055-62. 

33. Barth H, Schafer C, Adah MI, Zhang F, Linhardt RJ, Toyoda H, et al. Cellular binding 

of hepatitis C virus envelope glycoprotein E2 requires cell surface heparan sulfate. J 

Biol Chem 2003; 278: 41003-12. 

34. Codran A. Entry of hepatitis C virus pseudotypes into primary human hepatocytes by 

clathrin-dependent endocytosis. J Gen Virol 2006; 87:2583-93. 

35. Egger D, Wolk B, Gosert R, Bianchi L, Blum HE, Moradpour D, et al. Expression of 

hepatitis C virus proteins induces distinct membrane alterations including a candidate 

viral replication complex. J Virol 2002; 76: 5974-84. 

36. Gastaminza P, Cheng G, Wieland S, Zhong J, Liao W, Chisari FV. Cellular 

determinants of hepatitis C virus assembly, maturation, degradation, and secretion. J 

Virol 2008; 82: 2120-9. 

37. Pawlotsky JM, Chevaliez S, McHutchison JG. The hepatitis C virus life cycle as a 

target for new antiviral therapies. Gastroenterology 2007; 132: 1979-98. 

38. Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002; 36: S35-S46. 

39. Chung RT. Acute hepatitis C virus infection. Clin Infect Dis 2005; 41: S14-7. 

40. Lim JK. Natural history of hepatitis C infection: A concise review. Yale J Biol Med 

2001; 74: 229-37. 

41. Guobuþaitë A, Chokshi S, Balèiûnienë L, Voiniè A, Auðra Stiklerytë, Þagminas K, et 

al. Viral clearance or persistence after acute hepatitis C infection: interim results from a 

prospective study. Medicina 2008; 44: 510-20. 

42. Farci R, Shimoda A, Coiana A, Dial G, Peddis G, Melpolder JC, et al. Outcome of 

acute hepatitis C predicted by the evolution of the viral quasispecies. Science 2000; 

288: 339-44. 

43. Santantonio T, Sinisi E, Guastadisegni A, Casalino C, Mazzola M, Gentile A, et al. 

Natural course of acute hepatitis C: a long term prospective study. Dig Liver Dis 2003; 

35: 104-13. 

44. Shiffman ML, Diago M, Tran A, Pockros P, Reindollar R, Prati D, et al. Chronic 

hepatitis C in patients with persistently normal alanine transaminase levels. Clin 

Gastroenterol Hepatol 2006; 4: 645-52. 

45. Puoti C, Bellis L, Guarisco R, Dell' Unto O, Spilabotti L, Costanza OM. HCV carriers 

with normal alanine aminotransferase levels: healthy persons or severely ill patients? 

Dealing with an everyday clinical problem. Eur J Intern Med 2010; 21: 57-61. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 116 -

46. Galossi A, Guarisco R, Bellis L, Puoti C. Extrahepatic manifestations of chronic HCV 

infection. J Gastrointest Liver Dis 2007; 16: 65-73. 

47. Kleiner DE. The liver biopsy in chronic hepatitis C: a view from the other side of the 

microscope. Semin Liver Dis 2005; 25: 52-64. 

48. Bedossa P, Poynard T. The French METAVIR Cooperative Study Group. An algorithm 

for the grading of activity in chronic hepatitis C. Hepatology 1996; 24: 289-93. 

49. Fallahi P, Ferri C, Ferrari SM, Corrado A, Sansonno D, Antonelli A. Cytokines and 

HCV-related disorders. Clin Dev Immunol 2012; 2012: 468107.  

50. Brass A, Brenndörfer ED. The role of chemokines in hepatitis C virus-mediated liver 

disease. Int J Mol Sci 2014; 15: 4747-79 

51. Adinolfi LE, Gambardella M, Andreana A, Tripodi MF, Utili R, Ruggiero G. Steatosis 

accelerates the progression of liver damage of chronic hepatitis C patients and 

correlates with specific HCV genotype and visceral obesity. Hepatology 2001; 33: 

1358-64. 

52. Roingeard P. Hepatitis C virus diversity and hepatic steatosis. J Viral Hepat 2013; 20: 

77-84.  

53. Petta S, Cammà C, Di Marco V, Macaluso FS, Maida M, Pizzolanti G, et al. Hepatic 

steatosis and insulin resistance are associated with severe fibrosis in patients with 

chronic hepatitis caused by HBV or HCV infection. Liver Int 2011; 31: 507-15. 

54. Marcellin P, Asselah T, Boyer N. Fibrosis and disease progression in hepatitis C. 

Hepatology 2002; 36 : S47–S56. 

55. Schuppan D, Krebs A, Bauer M,  Hahn ED. Hepatitis C and liver fibrosis. Cell Death 

Differen 2003; 10: S59-S67. 

56. Yamane D, McGivern DR, Masaki T, Lemon SM. Liver injury and disease 

pathogenesis in chronic hepatitis C. Curr Top Microbiol Immunol 2013; 369: 263-88. 

57. Poynard T, Ratziu V, Charlotte F, Goodman Z, McHutchison J, Albrecht J. Rates and 

risk factors of liver fibrosis progression in patients with chronic hepatitis C. J Hepatol 

2001; 34: 730-9. 

58. Gutierrez-Reyes G, Gutierrez-Ruiz MC, Kershenobich D. Liver fibrosis and chronic 

viral hepatitis. Arch Med Res 2007; 38: 644-51. 

59. Deuffic-Burban S, Poynard T, Valleron AJ. Quantification of fibrosis progression in 

patients with chronic hepatitis C using a Markov model. J Viral Hepat 2002; 9: 114-22.  

60. Torres Md, Poynard1 T. Risk factors for liver fibrosis progression in patients with 

chronic hepatitis C. Ann Hepatol 2003; 2: 5-11. 

61. Freeman AJ, Dore GJ, Law MG, Thorpe M, Von Overbeck J, Lloyd AR et al. 

Estimating progression to cirrhosis in chronic hepatitis C virus infection. Hepatology 

2001; 34 : 809-16.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 117 -

62. Forns X, Ampurdanès S, Sánchez-Tapias JM, Guilera M, Sans M, Sanchez Fueyo A, et 

al. Long term follow-up of chronic hepatitis C in patients diagnosed at a tertiary-care 

center. J Hepatol 2001; 35: 265-71. 

63. Alazawi W, Cunningham M, Dearden J, Foster GR. Systematic review: outcome of 

compensated cirrhosis due to chronic hepatitis C infection. Aliment Pharmacol Ther 

2010; 32: 344-55. 

64. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Almasio P, et al. Morbidity 

and mortality in compensated cirrhosis type C: a retrospective follow-up study of 384 

patients. Gastroenterology 1997; 112: 463-72. 

65. Planas R, Balleste B, Antonio A, lvarez1 A, Rivera M, Montoliu S, et al. Natural 

history of decompensated hepatitis C virus-related cirrhosis. A study of 200 patients. J 

Hepatol 2004; 40: 823–30. 

66. Trinchet J, Ganne-Carrié N, Nahon P, N’kontchou G, Beaugrand M. Hepatocellular 

carcinoma in patients with hepatitis C virus-related chronic liver disease. World J Gastroenterol 

2007; 13: 2455-60. 

67.  Jeong SW, Jang JY, Chung RT. Hepatitis C virus and hepatocarcinogenesis. Clin Mol 

Hepatol 2012; 18: 347-56. 

68. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cirrhosis: 

incidence and risk factors. Gastroenterology 2004; 127: S35-50. 

69. Sangiovanni A, Prati GM, Fasani P, Ronchi G, Romeo R, Manini M,  et al. The natural 

history of compensated cirrhosis due to hepatitis C virus: A 17-year cohort study of 214 

patients. Hepatology 2006; 43: 1303-10. 

70. Castello G, Scala S, Palmieri G, Curley SA, Izzo F. HCV-related hepatocellular 

carcinoma: From chronic inflammation to cancer. Clin Immunol 2010; 134: 237-50. 

71. Grando-Lemaire V, Guettier C, Chevret S, Beaugrand M, Trinchet JC. Hepatocellular 

carcinoma without cirrhosis in the West: epidemiological factors and histopathology of 

the non-tumorous liver. Groupe d'Etude et de Traitement du Carcinome 

Hepatocellulaire. J Hepatol 1999; 31: 508-13. 

72. Banerjee A, Ray RB, Ray R. Oncogenic potential of hepatitis C virus proteins. Viruses 

2010; 2: 2108-33. 

73. Massard J, Ratziu V, Thabut D, Moussalli J, Lebray P, Benhamou Y, et al Natural 

history and predictors of disease severity in chronic hepatitis C. J Hepatol 2006; 44: 

S19-24. 

74. Deuffic-Burban S, Poynard T, Valleron AJ. Quantification of fibrosis progression in 

patients with chronic hepatitis C using a Markov model. J Viral Hepat 2002; 9: 114-22.  

75.  Mas VR, Fassnacht R, Archer KJ, Maluf D. Molecular mechanisms involved in the 

interaction effects of alcohol and hepatitis C virus in liver cirrhosis. Mol Med 2010 ;16: 

287-97.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 118 -

76. Petta S, Cammà C, Di Marco V, Macaluso FS, Maida M, Pizzolanti G, et al. Hepatic 

steatosis and insulin resistance are associated with severe fibrosis in patients with 

chronic hepatitis caused by HBV or HCV infection. Liver Int 2011; 31: 507-15.  

77. Kallwitz ER, Layden-Almer J, Dhamija M, Berkes J, Guzman G, Lepe R, et al. 

Ethnicity and body mass index are associated with hepatitis C presentation and 

progression.  Clin Gastroenterol Hepatol 2010; 8: 72-8. 

78. Tuma P, Medrano J, Resino S, Vispo E, Madej َ◌n A, Sànchez-Piedra C, et al. Incidence 

of liver cirrhosis in HIV-infected patients with chronic hepatitis B or C in the era of 

highly active antiretroviral therapy. Antivir Ther 2010; 15: 881-6. 

79. Bukhtiari N, Hussain T, Iqbal M, Malik AM, Qureshi AH, Hussain A. Hepatitis B and 

C single and co-infection in chronic liver disease and their effect on the disease pattern. 

J Pak Med Assoc 2003; 53: 136-40. 

80. De Moliner L, Pontisso P, De Salvo GL, Cavalletto L, Chemello L, Alberti A. Serum 

and liver HCV RNA levels in patients with chronic hepatitis C: correlation with clinical 

and histological features. Gut 1998; 42: 856-60. 

81. Roffi L, Ricci A, Ogliari C, Scalori A, Minola E, Colloredo G, et al. HCV genotypes in 

Northern Italy: a survey of 1368 histologically proven chronic hepatitis C patients. J 

Hepatol 1998; 29: 701-6. 

82. Fabris C, Falleti E, Cussigh A, Bitetto D, Fontanini E, Bignulin S,  et al. IL-28B 

rs12979860 C/T allele distribution in patients with liver cirrhosis: Role in the course of 

chronic viral hepatitis and the development of HCC. J Hepatol 2011; 54: 716-22. 

83. Rehermann B. Hepatitis C virus versus innate and adaptive immune responses: a tale of 

coevolution and coexistence. J Clin Invest 2009; 119: 1745-54. 

84. Hiroishi K, Ito T, Imawari M. Immune responses in hepatitis C virus infection and 

mechanisms of hepatitis C virus persistence. J Gastroenterol Hepatol 2008; 23: 1473-

82. 

85. Hahn YS. Subversion of immune responses by hepatitis C virus: immunomodulatory 

strategies beyond evasion? Curr Opin Immunol. 2003; 15: 443-9. 

86. Binder M, Kochs G, Bartenschlager R, Lohmann V. Hepatitis C virus escape from the 

interferon regulatory factor 3 pathway by a passive and active evasion strategy. 

Hepatology 2007; 46: 1365-74. 

87. Sarobe P, Lasarte JJ, Zabaleta A, Arribillaga L, Arina A, Melero I, et al. Hepatitis C 

virus structural proteins impair dendritic cell maturation and inhibit in vivo induction of 

cellular immune responses. J Virol 2003; 77: 10862-71 

88. Szabo G, Dolganiuc A. Subversion of plasmacytoid and myeloid dendritic cell 

functions in chronic HCV infection. Immunobiology 2005; 210: 237-47. 

89. Herzer K, Falk CS, Encke J, Eichhorst ST, Ulsenheimer A, Seliger B, et al.  

Upregulation of major histocompatibility complex class I on liver cells by hepatitis C 

virus core protein via p53 and TAP1 impairs natural killer cell cytotoxicity. J Virol 

2003; 77: 8299-309. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 119 -

90. Crotta S, Stilla A, Wack A, D’Andrea A, Nuti S, D’Oro U, Mosca M, Filliponi F, 

Brunetto RM, Bonino F, et al. Inhibition of natural killer cells through engagement of 

CD81 by the major hepatitis C virus envelope protein. J Exp Med 2002, 195:35-41. 

91. Jinushi M, Takehara T, Kanto T. Critical role of MHC class I-related chain A and B 

expression on IFN-alpha-stimulated dendritic cells in NK cell activation: impairment in 

chronic hepatitisC virus infection. J Immunol 2003; 170: 1249-56. 

92. Seifert U, Liermann H, Racanelli V, Halenius A, Wiese M, Wedemeyer H, , et al. 

Hepatitis C virus mutation affects proteasomal epitope processing. J Clin Invest 2004, 

114: 250-9. 

93. Shimizu YK, Hijikata M, Iwamoto A, Alter HJ, Purcell RH, Yoshikura H. Neutralizing 

antibodies against hepatitis C virus and the emergence of neutralization escape mutant 

viruses. J Virol 1994; 68: 1494-500. 

94. Chang KM, Thimme R, Melpolder JJ, Oldach D, Pemberton J, Moorhead-Loudis J, et 

al. Differential CD4+ and CD8+ T-cell responsiveness in hepatitis C virus infection. 

Hepatology 2001; 33: 267-76.  

95. Ulsenheimer A, Gerlach JT, Gruener NH. Detection of functionally altered hepatitis C 

virus-specific CD4 T cells in acute and chronic hepatitis C. Hepatology 2003; 37: 1189-

98. 

96. Wedemeyer H, He XS, Nascimbeni M. Impaired effector function of hepatitis C virus-

specific CD8+ T cells in chronic hepatitis C virus infection. J Immunol 2002; 169: 

3447-58. 

97. Meyer-Olson D, Shoukry NH, Brady KW, Kim H, Olson DP, Hartman K, et al. Limited 

T cell receptor diversity of HCV-specific T cell responses is associated with CTL 

escape. J Exp Med 2004; 200: 307-19. 

98. Spangenberg HC, Viazov S, Kersting N, Neumann-Haefelin C, McKinney D, 

Roggendorf M, et al. Intrahepatic CD8+ T-cell failure during chronic hepatitis C virus 

infection. Hepatology 2005; 42: 828-37. 

99. Kanto T, Inoue M, Miyatake H, Sato A, Sakakibara M, Yakushijin T, et al. Reduced 

numbers and impaired ability of myeloid and plasmacytoid dendritic cells to polarize T 

helper cells in chronic hepatitis C virus infection. J Infect Dis 2004; 190: 1919-26.  

100.  Wang JH, Layden TJ, Eckels DD. Modulation of the peripheral T-cell response by 

CD4 mutants of hepatitis C virus: transition from a Th1 to a Th2 response. Hum 

Immunol 2003; 64: 662-73. 

101.  MacDonald AJ, Duffy M, Brady MT, McKiernan S, Hall W, Hegarty J, et al.  CD4 T 

helper type 1 and regulatory T cells induced against the same epitopes on the core 

protein in hepatitis C virus-infected persons. J Infect Dis 2002; 185: 720-7. 

102.  Helliwell SB, Wagner P, Kunz J, Deuter-Reinhard M, Henriquez R, Hall MN. TOR1 

and TOR2 are structurally and functionally similar but not identical 

phosphatidylinositol kinase homologues in yeast. Mol Biol Cell 1994; 5: 105-18. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 120 -

103.  Chiu MI, Katz H, Berlin V. RAPT1, a mammalian homolog of yeast Tor, interacts with 

the FKBP12/rapamycin complex. Proc Natl Acad Sci USA 1994; 91:12574-8. 

104.  Sabatini DM, Erdjument-Bromage H, Lui M, Tempst P, Snyder SH. RAFT1: a 

mammalian protein that binds to FKBP12 in a rapamycin-dependent fashion and is 

homologous to yeast TORs. Cell 1994; 78:35-43. 

105.  Chen Y, Chen H, Rhoad AE, Warner L, Caggiano TJ, Failli A, et al. A putative 

sirolimus (rapamycin) effector protein. Biochem Biophys Res Commun 1994; 203: 1-7. 

106.  Choi JH, Bertram PG, Drenan R, Carvalho J, Zhou HH, Zheng XFS. The FKBP12-

rapamycin-associated protein (FRAP) is a CLIP-170 kinase. Eur Mol Biol Organ 2002; 

3: 988-94. 

107.  Soliman GA. The role of mechanistic target of rapamycin (mTOR) complexes 

signaling in the immune responses.  Nutrients 2013; 5: 2231-57. 

108.  Raught B, Gingras AC, Sonenberg N. The target of rapamycin (TOR) proteins. PNAS 

2001; 98: 7037-44. 

109.  Perry J, Kleckner N. The ATRs, ATMs, and TORs are giant HEAT repeat proteins. 

Cell 2003; 112: 151-5. 

110.  Bosotti R, Isacchi A, Sonnhammer EL. FAT: a novel domain in PIK-related kinases. 

Trends Biochem Sci 2003; 25: 225-7. 

111.  Dames SA, Mulet JM, Rathgeb-Szabo K, Hall MN, Grzesiek S. The solution structure 

of the FATC domain of the protein kinase target of rapamycin suggests a role for 

redox-dependent structural and cellular stability. J Biol Chem 2005; 280: 20558-64. 

112.  Choi J, Chen J, Schreiber SL, Clardy J. Structure of the FKBP12-rapamycin complex 

interacting with the binding domain of human FRAP. Science 1996; 273: 239-42. 

113.  Hay N. Upstream and downstream of mTOR. Genes Dev 2004; 18: 1926-45. 

114.  Loewith R, Jacinto E, Wullschleger S, Lorberg A, Crespo JL, et al. Two TOR 

complexes, only one of which is rapamycin sensitive, have distinct roles in cell growth 

control. Mol Cell 2002; 10: 457-68. 

115.  Yip CK, Murata K, Walz T, Sabatini DM, Kang SA. Structure of the human mTOR 

complex I and its implications for rapamycin inhibition. Mol Cell 2010; 38: 768-74. 

116.  Oh WJ, Jacinto E. mTOR complex 2 signaling and functions. Cell Cycle 2011; 10: 

2305-16. 

117.  Sturgill TW, Cohen A, Diefenbacher M, Trautwein M, Martin DE, et al. TOR1 and 

TOR2 have distinct locations in live cells. Eukaryot Cell 2008; 7: 1819-30.   

118.  Berchtold D, Walther TC. TORC2 plasma membrane localization is essential for cell 

viability and restricted to a distinct domain. Mol Biol Cell 2009; 20: 1565-75. 

119.  Sarbassov DD, Ali SM, Sengupta S, Sheen J-H, Hsu PP, Bagley AF, et al. Prolonged 

rapamycin treatment inhibits mTORC2 assembly and Akt/PKB. Mol Cell 2006; 22: 

159-68. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 121 -

120.  Takahara T, Maeda T. Evolutionarily conserved regulation of TOR signaling. J 

Biochem 2013; 154: 1-10. 

121.  Tee AR, Fingar DC, Manning BD, Kwiatkowski DJ, Cantley LC, Blenis J. Tuberous 

sclerosis complex-1 and -2 gene products function together to inhibit mammalian 

target of rapamycin (mTOR)-mediated downstream signaling. Proc Natl Acad Sci 

2002; 99: 13571-6. 

122.  Loewith R, Hall MN. Target of rapamycin (TOR) in nutrient signaling and growth 

control. Genetics 2011; 189: 1177-201. 

123.  Kim D-H, Sarbassov DD, Ali SM, King JE, Latek RR, Erdjument-Bromage H, et al. 

mTOR interacts with raptor to form a nutrient-sensitive complex that signals to the cell 

growth machinery. Cell 2002; 110: 163-75. 

124.  Kim D-H, Sarbassov DD, Ali SM, Latek RR, Guntur KVP, Erdjument-Bromage H, et 

al. G beta-L, a positive regulator of the rapamycin-sensitive pathway required for the 

nutrient-sensitive interaction between raptor and mTOR. Molecular Cell 2003; 11: 

895-904. 

125.  Ogmundsdottir MH, Heublein S, Kazi S, Reynolds B, Visvalingam SM, Shaw MK, et 

al. Proton-assisted amino acid transporter PAT1 complexes with Rag GTPases and 

activates TORC1 on late endosomal and lysosomal membranes. PLoS One 2012; 7: 

e36616. 

126.  Long X, Lin Y, Ortiz-Vega S, Yonezawa K, Avruch J. Rheb binds and regulates the 

mTOR kinase. Curr Biol 2005; 15: 702-13. 

127.  Sengupta S, Peterson TR, Sabatini DM. Regulation of the mTOR complex 1 pathway 

by nutrients, growth factors, and stress. Mol Cell 2010; 40: 310-22. 

128.  Kimura N, Tokunaga C, Dalal S, Richardson C, Yoshino K, Hara K, et al. A possible 

linkage between AMP-activated protein kinase (AMPK) and mammalian target of 

rapamycin (mTOR) signalling pathway. Genes Cells 2003; 8: 65-79. 

129.  Feng Z, Hu W, De Stanchina E, Teresky AK, Jin S, Lowe S, et al. The regulation of 

AMPK beta1, TSC2, and PTEN expression by p53: stress, cell and tissue specificity, 

and the role of these gene products in modulating the IGF-1-AKT-Mtor pathways. 

Cancer Res 2007; 67: 3043-53. 

130.  Liu L, Cash TP, Jones RG, Keith B, Thompson CB, Simon MC. Hypoxia induced 

energy stress regulates mRNA translation and cell growth. Mol Cell 2006; 21: 521-31. 

131.  Takahara T, Maeda T. Transient sequestration of TORC1 into stress granules during 

heat stress. Mol Cell 2012; 47: 242-52. 

132.  Brunn GJ, Williams J, Sabers C, Wiederrecht G, Lawrence Jr JC, Abraham RT. Direct 

inhibition of the signaling functions of the mammalian target of rapamycin by the 

phosphoinositide 3-kinase inhibitors, wortmannin and LY294002. EMBO J 1996; 15: 

5256-67. 

133.  Hahn-Windgassen A. Akt activates the mammalian target of rapamycin by regulating 

cellular ATP level and AMPK activity. J Biol Chem 2005; 280: 32081-9. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 122 -

134.  Neshat MS, Mellinghoff IK, Tran C, Stiles B, Thomas G, Petersen R, et al. Enhanced 

sensitivity of PTEN-deficient tumors to inhibition of FRAP/mTOR. Proc Natl Acad 

Sci 2001; 98: 10314-9. 

135.  Sarbassov DD, Ali SM, Sabatini DM. Growing roles for the mTOR pathway. Curr 

Opin Cell Biol 2005; 17: 596-603. 

136.  Laplante M, Sabatini DM. mTOR signaling in growth control and disease. Cell 2012; 

149: 274- 93.  

137.  Sato T, Nakashima A, Guo L, Tamanoi F. Specific activation of mTORC1 by Rheb 

G-protein in vitro involves enhanced recruitment of its substrate protein. J Biol Chem 

2009; 284: 12783-91. 

138.  Dunlop EA, Tee AR. Mammalian target of rapamycin complex 1: signalling inputs, 

substrates and feedback mechanisms. Cell Signal 2009; 21; 827-35. 

139.  Zinzalla V, Stracka D, Oppliger W, Hall MN. Activation of mTORC2 by association 

with the ribosome. Cell 2011; 144; 757-68. 

140.  Glantschnig H, Fisher J, Wesolowski G, Rodan G, Reszka A. M-CSF, TNFα and 

RANK ligand promote osteoclast survival by signaling through mTOR/S6 kinase. Cell 

Death Differ 2003; 10: 1165-77. 

141.  Lee D-F, Kuo H-P, Chen C-T, Hsu J-M, Chou C-K, Wei Y, et al. IKK beta 

suppression of TSC1 links inflammation and tumor angiogenesis via the mtor 

pathway. Cell 2007; 130: 440-55. 

142.  Colombetti S, Basso V, Mueller DL, Mondino A. Prolonged TCR/CD28 engagement 

drives IL-2-independent T cell clonal expansion through signaling mediated by the 

mammalian target of rapamycin. J Immunol 2006; 176: 2730-8.  

143.  Rao RR, Li Q, Odunsi K, Shrikant PA. The mTOR kinase determines effector versus 

memory CD8+ T cell fate by regulating the expression of transcription factors T-bet 

and Eomesodermin. Immunity 2010; 32: 67-78.  

144.  Fingar DC, Richardson CJ, Tee AR, Cheatham L, Tsou C, Blenis J. mTOR controls 

cell cycle progression through its cell growth effectors S6K1 and 4E-BP1/eukaryotic 

translation initiation factor 4E. Mol Cell Biol 2004; 24: 200-16.  

145.  Nojima H, Tokunaga C, Eguchi S, Oshiro N, Hidayat S, Yoshino K, et al. The 

mammalian target of rapamycin (mTOR) partner, raptor, binds the mTOR substrates 

p70 S6 kinase and 4E-BP1 through their TOR signaling (TOS) motif. J Biol Chem 

2003; 278: 15461-4. 

146.  Schalm SS, Fingar DC, Sabatini DM, Blenis J. TOS motif-mediated raptor binding 

regulates 4E-BP1 multisite phosphorylation and function. Curr Biol 2003; 13: 797-

806. 

147.  Oshiro N, Yoshino K, Hidayat S, Tokunaga C, Har K, Eguchi S, et al. Dissociation of 

raptor from mTOR is a mechanism of rapamycin-induced inhibition of mTOR 

function. Genes Cells 2004; 9: 359-66. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 123 -

148.  Holz MK, Ballif BA, Gygi SP, Blenis J. mTOR and S6K1 mediate assembly of the 

translation preinitiation complex through dynamic protein interchange and ordered 

phosphorylation events. Cell 2005; 123: 569-80. 

149.  Jastrzebski K, Hannan KM, Tchoubrieva EB, Hannan RD, Pearson RB. Coordinate 

regulation of ribosome biogenesis and function by the ribosomal protein S6 kinase, a 

key mediator of mTOR function. Growth Factors. 2007; 25: 209-26. 

150.  Sonenberg N, Gingras AC. The mRNA 5' cap-binding protein eIF4E and control of 

cell growth. Curr Opin Cell Biol. 1998 ; 10: 268-75. 

151.  Modrak-Wojcik A, Gorka M, Niedzwiecka K, Zdanowski K, Zuberek J, Niedzwiecka 

A, et al. Eukaryotic translation initiation is controlled by cooperativity effects within 

ternary complexes of 4E-BP1, eIF4E, and the mRNA 5' cap. FEBS Lett 2013; 587: 

3928-34. 

152.  Choi JH, Bertram PG, Drenan R, Carvalho J, Zhou HH, Zheng XFS. The FKBP12-

rapamycin-associated protein (FRAP) is a CLIP-170 kinase. EMBO Rep 2002; 3: 988-

94. 

153.  Redpathl NT, Foulstone EJ, Proud CG. Regulation of translation elongation factor-2 

by insulin via a rapamycin-sensitive signalling pathway. EMBO J 1996; 15: 2291-7. 

154.  Seidel ER, Ragan VL. Inhibition by rapamycin of ornithine decarboxylase and 

epithelial cell proliferation in intestinal IEC-6 cells in culture. Br J Pharmacol 1997; 

120: 571-4. 

155.  Azpiazu Ia, Saltiel AR, DePaoli-Roach AA, Lawrence JC. Regulation of both 

glycogen synthase and PHAS-I by insulin in rat skeletal muscle involves mitogen-

activated protein kinase-independent and rapamycin-sensitive pathways. J Biol Chem 

1996; 271: 5033-9. 

156.  Hudson CC, Liu M, Chiang GG, Otterness DM, Loomis DC, Kaper F, et al. 

Regulation of hypoxia-inducible factor 1  expression and function by the mammalian 

target of rapamycin. Mol Cell Biol 2002; 22:7004-14. 

157.  Peterson TR, Sengupta SS, Harris TE, Carmack AE, Kang SA, Balderas E, et al. 

mTOR complex 1 regulates lipin 1 localization to control the SREBP pathway. Cell 

2011; 146: 408-20. 

158.  Peterson RT, Desai BN, Hardwick JS, Schreiber SL. Protein phosphatase 2A interacts 

with the 70-kDa S6 kinase and is activated by inhibition of FKBP12–

rapamycinassociated protein. Proc Natl Acad Sci U S A 1999; 96: 4438-42. 

159.  Usui I, Haruta T, Iwata M, Takano A, Uno T, Kawahara J, et al. Retinoblastoma 

protein phosphorylation via PI 3-kinase and mTOR pathway regulates adipocyte 

differentiation. Biochem Biophys Res Commun 2000; 275: 115-20. 

160.  Yokogami K, Wakisaka S, Avruch J, Reeves SA. Serine phosphorylation and 

maximal activation of STAT3 during CNTF signaling is mediated by the rapamycin 

target mTOR. Curr Biol 2000; 10: 47-50. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 124 -

161.  Facchinetti V, Ouyang W, Wei H, Soto N, Lazorchak A, Gould C, et al. The 

mammalian target of rapamycin complex 2 controls folding and stability of Akt and 

protein kinase C. EMBO J 2008; 27: 1932-43. 

162.  Lu M, Wang J, Ives HE, Pearce D. mSIN1 protein mediates SGK1 protein interaction 

with mTORC2 protein complex and is required for selective activation of the epithelial 

sodium channel. J Biol Chem 2011; 286: 30647-54. 

163.  Inoki K. Rheb GTPase is a direct target of TSC2 GAP activity and regulates mTOR 

signaling. Genes Dev 2003; 17: 1829-34. 

164.  Guertin DA, Stevens DM, Thoreen CC, Burds AA, Kalaany NY, Moffat J, et al. 

Ablation in mice of the mTORC components raptor, rictor, or mLST8 reveals that 

mTORC2 is required for signaling to Akt-FOXO and PKCalpha, but not S6K1. Dev 

Cell 2006; 11: 859-71.  

165.  Laplante M, Sabatini DM. MTOR signaling at a glance. J Cell Sci 2009; 122: 3589-

94. 

166.  Zoncu R, Efeyan A, Sabatini DM. mTOR: from growth signal integration to cancer, 

diabetes and ageing. Nat Rev Mol Cell Biol 2011; 12: 21-35. 

167.  Bartolome A, Guillén C. Role of the mammalian target of rapamycin (mTOR) 

complexes in pancreatic β-cell mass regulation. Vitam Horm 2014; 95: 425-69. 

168.  Deepa SS, Walsh ME, Hamilton RT, Pulliam D, Shi Y, Hill S, et al. Rapamycin 

modulates markers of mitochondrial biogenesis and fatty acid oxidation in the adipose 

tissue of db/db mice. J Biochem Pharmacol Res 2013; 1: 114-123. 

169.  Sun YX, Ji X, Mao X, Xie L, Jia J, Galvan V, et al. Differential activation of mTOR 

complex 1 signaling in human brain with mild to severe Alzheimer's disease. J 

Alzheimers Dis 2014; 38: 437-44.  

170.  Hoeffer CA, Klann E. mTOR signaling: at the crossroads of plasticity, memory and 

disease. Trends Neurosci 2010; 33: 67-75.  

171.  Das A, Salloum FN, Durrant D, Ockaili R, Kukreja RC. Rapamycin protects against 

myocardial ischemia-reperfusion injury through JAK2-STAT3 signaling pathway. J 

Mol Cell Cardiol 2012; 53: 858-69.  

172.  Shillingford JM, Murcia NS, Larson CH, Low SH, Hedgepeth R, Brown N, et al. The 

mTOR pathway is regulated by polycystin-1, and its inhibition reverses renal 

cystogenesis in polycystic kidney disease. Proc Natl Acad Sci U S A 2006; 103: 5466-

71. 

173.  Pópulo H, Lopes JM, Soares P. The mTOR signalling pathway in human cancer. Int J 

Mol Sci 2012; 13: 1886-918. 

174.  Haidinger M, Werzowa J, Weichhart T, Saemann MD. Targeting the dysregulated 

mammalian target of rapamycin pathway in organ transplantation: Killing 2 birds with 

1 stone. Transplant Rev 2011; 25: 145-53.  

175.  Shimobayashi M, Hall MN. Making new contacts: the mTOR network in metabolism 

and signalling crosstalk. Nat Rev Mol Cell Biol 2014; 15: 155-62.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 125 -

176.  Yecies JL, Manning BD. Transcriptional control of cellular metabolism by mTOR 

signaling. Cancer Res 2011; 71: 2815-20.  

177.  Thoreen CC, Chantranupong L, Keys HR, Wang T, Gray NS, Sabatini DM. A 

unifying model for mTORC1-mediated regulation of mRNA translation. Nature 2012; 

485: 109-13. 

178.  Mahoney SJ, Dempsey JM, Blenis J. Cell signaling in protein synthesis: ribosome 

biogenesis and translation initiation and elongation. Prog Mol Biol Transl Sci 2009; 

90: 53-107. 

179.  Schmidt A, Beck T, Koller A, Kunz J, Hall MN. The TOR nutrient signalling pathway 

phosphorylates NPR1 and inhibits turnover of the tryptophan permease. EMBO J 

1998; 17: 6924-31. 

180.  Pattingre S, Espert L, Biard-Piechaczyk M, Codogno P. Regulation of 

macroautophagy by mTOR and Beclin 1 complexes. Biochimie 2008; 90: 313-23.  

181.  Kimball SR, Jefferson LS. Molecular mechanisms through which amino acids mediate 

signaling through the mammalian target of rapamycin. Curr Opin Clin Nutr Metab 

Care 2004; 7: 39-44.  

182.  Hudson CC, Liu M, Chiang GG, Otterness DM, Loomis DC, Kaper F, et al. 

Regulation of hypoxia-inducible factor 1-alpha expression and function by the 

mammalian target of rapamycin. Mol Cell Biol  2002; 22: 7004-14. 

183.  Festuccia WT, Blanchard P-G, Belchior T, Chimin P, Paschoal VA, Magdalon J, et al. 

PPARγ activation attenuates glucose intolerance induced by mTOR inhibition with 

rapamycin in rats. Am J Physiol Endocrinol Metab  2014; 306: E1046-54. 

184.  Liu H, Remedi MS, Pappan KL, Kwon G, Rohatgi N, Marshall CA, et al. Glycogen 

synthase kinase-3 and mammalian target of rapamycin pathways contribute to DNA 

synthesis, cell cycle progression, and proliferation in human islets. Diabetes 2009; 58: 

663-72.  

185.  Wagle A, Jivraj S, Garlock GL, Stapleton SR. Insulin regulation of glucose-6-

phosphate dehydrogenase gene expression is rapamycin-sensitive and requires 

phosphatidylinositol 3-kinase. J Biol Chem 1998; 273: 14968-74.  

186.  Lamming DW, Sabatini DM. A central role for mTOR in lipid homeostasis. Cell 

Metab 2013; 18: 465-9. 

187.  Chakrabarti P, English T, Shi J, Smas CM, Kandror KV. Mammalian target of 

rapamycin complex 1 suppresses lipolysis, stimulates lipogenesis, and promotes fat 

storage. Diabetes 2010; 59: 775-81.  

188.  Porstmann T, Santos CR, Griffiths B, Cully M, Wu M, Leevers S, et al. SREBP 

activity is regulated by mTORC1 and contributes to Akt-dependent cell growth. Cell 

Metab 2008; 8: 224-36.  

189.  Mauvoisin D, Rocque G, Arf O, Radenne A, Boissier P, Mounier C. Role of the PI3-

kinase/mTor pathway in the regulation of the stearoyl CoA desaturase (SCD1) gene 

expression by insulin in liver. J Cell Commun Signal 2007; 1: 113-25.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 126 -

190.  Peterson TR, Sengupta SS, Harris TE, Carmack AE, Kang SA, Balderas E, et al. 

mTOR complex 1 regulates lipin 1 localization to control the SREBP pathway. Cell 

2011; 46: 408-20. 

191.  Yuan M, Pino E, Wu L, Kacergis M, Soukas AA. Identification of Akt-independent 

regulation of hepatic lipogenesis by mammalian target of rapamycin (mTOR) complex 

2. J Biol Chem 2012; 287: 29579-88.  

192.  Cook M, Tyers M. Size control goes global. Curr Opin Biotechnol 2007; 18: 341-50. 

193.  Jorgensen P, Nishikawa JL, Breitkreutz BJ, Tyers M. Systematic identification of 

pathways that couple cell growth and division in yeast. Science 2002; 297: 395-400. 

194.  Jorgensen P, Rupes I, Sharom JR, Schneper L, Broach JR, Tyers M. A dynamic 

transcriptional network communicates growth potential to ribosome synthesis and 

critical cell size. Genes Dev 2004; 18: 2491-505. 

195.  Saqcena M, Menon D, Patel D, Mukhopadhyay S, Chow V, Foster DA. Amino acids 

and mTOR mediate distinct metabolic checkpoints in mammalian G1 cell cycle. PLoS 

One 2013; 8: e74157. 

196.  Barbet NC, Schneider U, Helliwell SB, Stansfield I, Tuite MF, Hall MN. TOR 

controls translation initiation and early G1 progression in yeast. Mol Biol Cell 1996; 7: 

25-42. 

197.  Shen C, Lancaster CS, Shi B, Guo H, Thimmaiah P, Bjornsti MA. TOR signaling is a 

determinant of cell survival in response to DNA damage. Mol Cell Biol 2007; 27: 

7007-17. 

198.  Nakashima A, Maruki Y, Imamura Y, Kondo C, Kawamata T, Kawanishi I, et al. The 

yeast Tor signaling pathway is involved in G2/M transition via polo-kinase. PLoS 

ONE 2008; 3: e2223. 

199.  Albig AR, Decker CJ. The target of rapamycin signaling pathway regulates mRNA 

turnover in the yeast Saccharomyces cerevisiae. Mol Biol Cell 2001; 12: 3428-38. 

200.  Talarek N, Cameroni E, Jaquenoud M, Luo X, Bontron S, et al. Initiation of the 

TORC1-regulated G0 program requires Igo1/2, which license specific mRNAs to 

evade degradation via the 59-39 mRNA decay pathway. Mol Cell 2010; 38: 345-55. 

201.  Johnson SC, Rabinovitch PS, Kaeberlein M.  mTOR is a key modulator of ageing and 

age-related disease. Nature 2013; 493: 338-45. 

202.  Wilkinson JE, Burmeister L, Brooks SV, Chan CC, Friedline S, Harrison DE, et al. 

Rapamycin slows aging in mice. Aging Cell 2012; 11: 675-82. 

203.  Mattison JA, Roth GS, Beasley TM, Tilmont EM, Handy AM, Herbert RL, et al. 

Impact of caloric restriction on health and survival in rhesus monkeys from the NIA 

study. Nature 2012; 489: 318-21.  

204.  Kapahi P, Zid BM, Harper T, Koslover D, Sapin V, Benzer S. Regulation of lifespan 

in Drosophila by modulation of genes in the TOR signaling pathway. Curr Biol 2004; 

14: 885-90.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 127 -

205.  Zid BM, Rogers AN, Katewa SD, Vargas MA, Kolipinski MC, Lu TA,  Benzer S, 

Kapahi P: 4E-BP extends lifespan upon dietary restriction by enhancing mitochondrial 

activity in Drosophila. Cell 2009; 139: 149-60. 

206.  Pan KZ, Palter JE, Rogers AN, Olsen A, Chen D, Lithgow GJ, et al. Inhibition of 

mRNA translation extends lifespan in Caenorhabditis elegans. Aging Cell 2007; 6: 

111-9. 

207.  Rogers AN, Chen D, McColl G, Czerwieniec G, Felkey K, Gibson BW, et al. Life 

span extension via eIF4G inhibition is mediated by posttranscriptional remodeling of 

stress response gene expression in C. elegans. Cell Metab 2011; 14: 55-66. 

208.  Wang J, Robida-Stubbs S, Tullet JM, Rual JF, Vidal M, Blackwell TK. RNAi 

screening implicates a SKN-1-dependent transcriptional response in stress resistance 

and longevity deriving from translation inhibition. PLoS Genet 2010: 6: e1001048.  

209.  Toth ML, Sigmond T, Borsos E, Barna J, Erdelyi P, Takacs-Vellai K, et al. Longevity 

pathways converge on autophagy genes to regulate life span in Caenorhabditis elegans. 

Autophagy 2008; 4: 330-8. 

210.  Cuervo AM. Autophagy and aging: keeping that old broom working. Trends Genet 

2008; 24: 604-12.  

211.  Chung HY, Cesari M, Anton S, Marzetti E, Giovannini S, Seo AY, et al. Molecular 

inflammation: underpinnings of aging and age-related diseases. Ageing Res Rev 2009; 

8: 18-30.  

212.  Chen C, Liu Y, Liu R, Ikenoue T, Guan KL, Zheng P. TSC-mTOR maintains 

quiescence and function of hematopoietic stem cells by repressing mitochondrial 

biogenesis and reactive oxygen species. J Exp Med 2008; 205: 2397-408.  

213.  Chen C, Liu Y, Zheng P. mTOR regulation and therapeutic rejuvenation of aging 

hematopoietic stem cells. Sci Signal 2009; 2: ra75.  

214.  Katholnig K, Linke M, Pham H, Hengstschläger M, Weichhart T. Immune responses 

of macrophages and dendritic cells regulated by mTOR signaling. Biochem Soc Trans 

2013; 41: 927-33. 

215.  Weichhart T, Costantino G, Poglitsch M, Rosner M, Zeyda M, Stuhlmeier KM, et al. 

The TSC-mTOR signaling pathway regulates the innate inflammatory response. 

Immunity 2008; 29: 565-77. 

216.  Cao W, Manicassamy S, Tang H, Kasturi SP, Pirani A, Murthy N, et al. Toll-like 

receptor-mediated induction of type I interferon in plasmacytoid dendritic cells 

requires the rapamycin-sensitive PI(3)K-mTOR-p70S6K pathway. Nat Immunol 2008; 

9: 1157-64.  

217.  Schmitz F, Heit A, Dreher S, Eisenacher K, Mages J, Haas T, et al. Mammalian target 

of rapamycin (mTOR) orchestrates the defense program of innate immune cells. Eur J 

Immunol 2008; 38: 2981-92.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 128 -

218.  Byles V, Covarrubias AJ, Ben-Sahra I, Lamming DW, Sabatini DM, Manning BD, et 

al. The TSC-mTOR pathway regulates macrophage polarization. Nat Commun 2013; 

4: 2834. 

219.  Pan H, O’Brien TF, Zhang P, Zhong XP. The role of tuberous sclerosis complex 1 in 

regulating innate immunity. J Immunol 2012; 188: 3658-66.  

220.  Lorne E, Zhao X, Zmijewski JW, Liu G, Park YJ, Tsuruta Y, et al. Participation of 

mammalian target of rapamycin complex 1 in Toll-like receptor 2- and 4-induced 

neutrophil activation and acute lung injury. Am J Respir Cell Mol Biol 2009; 41: 237-

45. 

221.  McInturff AM, Cody MJ, Elliott EA, Glenn JW, Rowley JW, Rondina MT, et al. 

Mammalian target of rapamycin regulates neutrophil extracellular trap formation via 

induction of hypoxia-inducible factor 1 alpha. Blood 2012; 120: 3118-25. 

222.  Nandagopal N, Ali AK, Komal AK, Lee SH. The critical role of IL-15-PI3K-mTOR 

pathway in natural killer cell effector functions. Front Immunol 2014; 5: 187. 

223.  Shin J, Wang S, Deng W, Wu J, Gao J, Zhong XP. Mechanistic target of rapamycin 

complex 1 is critical for invariant natural killer T-cell development and effector 

function. Proc Natl Acad Sci U S A 2014; 111: E776-83. 

224.  Yang k, Chi h. mTOR and metabolic pathways in T cell quiescence and functional 

activation. Semin Immunol 2012; 24: 421-8. 

225.  Sinclair LV, Finlay D, Feijoo C, Cornish GH, Gray A, Ager A, et al. 

Phosphatidylinositol-3-OH kinase and nutrient-sensing mTOR pathways control T 

lymphocyte trafficking. Nat Immunol 2008; 9: 513-21. 

226.  Zheng Y, Collins SL, Lutz MA, Allen AN, Kole TP, Zarek PE, et al. A role for 

mammalian target of rapamycin in regulating T cell activation versus anergy. J 

Immunol 2007; 178: 2163-70. 

227.  Chi H. Regulation and function of mTOR signalling in T cell fate decisions. Nature 

Rev Immunol 2012; 12: 325-38. 

228.  Araki K, Turner AP, Shaffer VO, Gangappa S, Keller SA, Bachmann MF, et al.  

mTOR regulates memory CD8 T-cell differentiation. Nature 2009; 460: 108-12. 

229.  Delgoffe GM, Pollizzi KN, Waickman AT, Heikamp E, Meyers DJ, Horton MR, et al. 

The kinase mTOR regulates the differentiation of helper T cells through the selective 

activation of signaling by mTORC1 and mTORC2. Nat Immunol 2011; 12: 295-303. 

230.  Kim JS, Sklarz T, Banks L, Gohil M, Waickman AT, Skuli N, et al. Akt and mTOR 

pathways differentially regulate the development of natural and inducible TH17 cells. 

Nat Immunol 2013; 14: 611-8. 

231.  Delgoffe GM, Kole TP, Zheng Y, Zarek PE, Matthews KL, Xiao B, et al. The mTOR 

kinase differentially regulates effector and regulatory T cell lineage commitment. 

Immunity 2009; 30: 832-44.  

232.  Limon JJ, Fruman DA. Akt and mTOR in B cell activation and differentiation. Front 

Immunol  2012; 3: 1-12. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 129 -

233.  Yecies JL, Manning BD. mTOR links oncogenic signaling to tumor cell metabolism. J 

Mol Med 2011; 89: 221-8. 

234.  Stemke-Hale,K, Gonzalez-Angulo AM, Lluch A, Neve RM, Kuo W, Davies M, et al. 

An integrative genomic and proteomic analysis of PIK3CA, PTEN, and AKT 

mutations in breast cancer. Cancer Res 2008; 68: 6084-91. 

235.  De Benedetti A, Graff JR. eIF-4E expression and its role in malignancies and 

metastases. Oncogene 2004; 23; 3189-99. 

236.  Nakamura JL, Garcia E, Pieper RO. S6K1 plays a key role in glial transformation. 

Cancer Res 2008; 68: 6516-23.  

237.  Feng Z, Zhang H, Levine AJ, Jin S. The coordinate regulation of the p53 and mTOR 

pathways in cells. Proc Natl Acad Sci U S A 2005; 102: 8204-9. 

238.  De Benedetti A, Graff JR. eIF-4E expression and its role in malignancies and 

metastases. Oncogene 2004; 23: 3189-99. 

239.  Karar J, Maity A. PI3K/AKT/Mtor pathway in angiogenesis. Fron Mol Neurosci 

2011; 4: 1.  

240.  Cornu M, Albert V, Hall MN. mTOR in aging, metabolism, and cancer. Curr Opin 

Genet Dev 2013, 23: 53-62 

241.  Markman B, Dienstmann R, Tabernero J. Targeting the PI3K/Akt/mTOR Pathway – 

Beyond Rapalogs. Oncotarget 2010; 1: 530-43. 

242.  Kahan, B.D. Fifteen years of clinical studies and clinical practice in renal 

transplantation: Reviewing outcomes with de novo use of sirolimus in combination 

with cyclosporine. Transpl Proc 2008; 40 (Suppl. 10): S17-S20.  

243.  Sehgal SN, Baker H, Vézina C.  Rapamycin (AY-22,989), a new antifungal antibiotic. 

II. Fermentation, isolation and characterization. J Antibiot 1975; 28: 727-32. 

244.  Kahan BD, Napoli KL, Kelly PA, Podbielski J, Hussein I, Urbauer DL, et al. 

Therapeutic drug monitoring of sirolimus: Correlations with efficacy and toxicity. Clin 

Transplant 2000; 14: 97-109.  

245.  Faivre S, Kroemer G, Raymond E. Current development of mTOR inhibitors as 

anticancer agents. Nat Rev Drug Discov 2006; 5: 671-88. 

246.  Ferraresso M, Belingheri M, Ginevri F, Murer L, Dello Strologo L, Cardillo M, et al. 

Three-yr safety and efficacy of everolimus and low-dose cyclosporine in de novo 

pediatric kidney transplant patients. Pediatr Transplant 2014; 18: 350-6. 

247.  Hess G, Herbrecht R, Romaguera J, Verhoef G, Crump M, Gisselbrecht C, et al. 

Phase III study to evaluate temsirolimus compared with investigator's choice therapy 

for the treatment of relapsed or refractory mantle cell lymphoma. J Clin Oncol 2009; 

27: 3822-9.  

248.  Mita MM, Mita AC, Chu QS, Rowinsky EK, Fetterly GJ, Goldston M, et al. Phase I 

trial of the novel mammalian target of rapamycin inhibitor deforolimus (AP23573; 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 130 -

MK-8669) administered intravenously daily for 5 days every 2 weeks to patients with 

advanced malignancies. J Clin Oncol 2008; 26: 361-7.  

249.  Mita MM, Poplin E, Britten CD, Tap WD, Rubin EH, Scott BB, et al. Phase I/IIa trial 

of the mammalian target of rapamycin inhibitor ridaforolimus (AP23573; MK-8669) 

administered orally in patients with refractory or advanced malignancies and sarcoma. 

Ann Oncol 2013; 24: 1104-11.  

250.  Zhang YJ, Duan Y, Zheng XF. Targeting the mTOR kinase domain: the second 

generation of mTOR inhibitors. Drug Discov Today 2011; 16: 325-31. 

251.  Garcia-Echeverria C. Allosteric and ATP-competitive kinase inhibitors of mTOR for 

cancer treatment. Bioorg Med Chem Lett 2010; 20: 4308-12. 

252.  Bhagwat SV, Crew AP. Novel inhibitors of mTORC1 and mTORC2. Curr Opin 

Investig Drugs 2010; 1: 638-45. 

253.  De P, Miskimins K, Dey N, Leyland-Jones B. Promise of rapalogues versus mTOR 

kinase inhibitors in subset specific breast cancer: old targets new hope. Cancer Treat 

Rev 2013; 39: 403-12.  

254.  Sun SY. mTOR kinase inhibitors as potential cancer therapeutic drugs. Cancer Lett 

2013; 340: 1-8. 

255.  Mizushima N. Autophagy: process and function. Genes Dev 2007; 21: 2861-73. 

256.  Kroemer G, Galluzzi L, Vandenabeele P, Abrams J, Alnemri ES, Baehrecke EH, et al. 

Classification of cell death: recommendations of the nomenclature committee on cell 

death 2009. Cell Death Differ 2009;16: 3-11. 

257.  Yang Z, Klionsky DJ. Mammalian autophagy: core molecular machinery and 

signaling regulation. Curr Opin Cell Biol. 2010; 22: 124-31. 

258.  Ylä-Anttila P, Vihinen H, Jokitalo E, Eskelinen E-L. 3D tomography reveals 

connections between the phagophore and endoplasmic reticulum. Autophagy 2009; 5: 

1180-5. 

259.  Hayashi-Nishino M, Fujita N, Noda T, Yamaguchi A, Yoshimori T, Yamamoto A. A 

subdomain of the endoplasmic reticulum forms a cradle for autophagosome formation. 

Nat Cell Biol 2009; 11: 1433-7. 

260.  Axe EL, Walker SA, Manifava M, Chandra P, Roderick HL, Habermann A, et al. 

Autophagosome formation from membrane compartments enriched in 

phosphatidylinositol 3-phosphate and dynamically connected to the endoplasmic 

reticulum. J Cell Biol 2008; 182: 685-701. 

261.  Mizushima N, Levine B, Cuervo AM, Klionsky DJ. Autophagy fights disease through 

cellular self-digestion. Nature 2008; 451: 1069-75. 

262.  Klionsky DJ. The molecular machinery of autophagy: unanswered questions. J Cell 

Sci 2005; 118: 7-18.  

263.  Pyo JO, Nah J, JungYK. Molecules and their functions in autophagy. Exp Mol Med 

2012; 44: 73-80. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 131 -

264.  Mizushima N. The role of the Atg1/ULK1 complex in autophagy regulation. Curr 

Opin Cell Biol 2010; 22: 132-9.  

265.  Itakura E, Kishi C, Inoue K, Mizushima N. Beclin 1 forms two distinct 

phosphatidylinositol 3-kinase complexes with mammalian Atg14 and UVRAG. Mol 

Biol Cell 2008; 19: 5360-72. 

266.  Pattingre S, Tassa A, Qu X, Garuti R, Liang XH, Mizushima N, et al. Bcl-2 

antiapoptotic proteins inhibit beclin 1-dependent autophagy. Cell 2005; 122: 927-39. 

267.  Simonsen A, Tooze SA. Coordination of membrane events during autophagy by 

multiple class III PI3-kinase complexes. J Cell Biol 2009; 186: 773-82. 

268.  Hamasaki M, Yoshimori T. Where do they come from? Insights into autophagosome 

formation. FEBS Lett 2010; 584: 1296-301.  

269.  Matsushita M, Suzuki NN, Obara K, Fujioka Y, Ohsumi Y, Inagaki F. Structure of 

Atg5.Atg16, a complex essential for autophagy. J Biol Chem 2007; 282: 6763-72. 

270.  Nakatogawa H, Oh-oka K, Ohsumi Y. Lipidation of Atg8: how is substrate specificity 

determined without a canonical E3 enzyme? Autophagy 2008; 4: 911-3.  

271.  Ichimura Y, Kumanomidou T, Sou YS, Mizushima T, Ezaki J, Ueno T, et al. 

Structural basis for sorting mechanism of p62 in selective autophagy. J Biol Chem 

2008; 283: 22847-57.  

272.  Quan W, Lee MS. Role of Autophagy in the control of body metabolism. Endocrinol 

Metab 2013; 28: 6-11   

273.  He C, Klionsky DJ. Regulation mechanisms and signaling pathways of autophagy. 

Annu Rev Genet 2009; 43: 67-93. 

274.  Edinger AL. Controlling cell growth and survival through regulated nutrient 

transporter expression. Biochem J 2007; 406: 1-12 

275.  Botti J, Djavaheri-Mergny M, Pilatte Y, Codogno P. Autophagy signaling and the 

cogwheels of cancer. Autophagy 2006; 2: 67-73  

276.  Green DR, Wang R. Calcium and energy: making the cake and eating it too? Cell 

2010; 142: 200-2 

277.  Tracy K, Dibling BC, Spike BT, Knabb JR, Schumacker P, Macleod KF. BNIP3 is an 

RB/E2F target gene required for hypoxia-induced autophagy. Mol Cell Biol 2007; 27: 

6229-42 

278.  Sherr CJ. Autophagy by ARF: a short story. Mol Cell 2006; 22: 436-7 

279.  Crighton D, Wilkinson S, Ryan KM. DRAM links autophagy to p53 and programmed 

cell death. Autophagy 2007;3:72-4 

280.  Yousefi S, Perozzo R, Schmid I, Ziemiecki A, Schaffner T, Scapozza L, et al. 

Calpain-mediated cleavage of Atg5 switches autophagy to apoptosis. Nat Cell Biol 

2006; 8: 1124-32. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 132 -

281.  Mills KR, Reginato M, Debnath J, Queenan B, Brugge JS. Tumor necrosis factor-

related apoptosis-inducing ligand (TRAIL) is required for induction of autophagy 

during lumen formation in vitro. Proc Natl Acad Sci USA 2004; 101: 3438-43 

282.  Pyo JO, Jang MH, Kwon YK, Lee HJ, Jun JI, Woo HN, et al. Essential roles of Atg5 

and FADD in autophagic cell death: dissection of autophagic cell death into vacuole 

formation and cell death. J Biol Chem 2005; 280: 20722-9 

283.  Sarkar S, Rubinsztein DC. Inositol and IP3 levels regulate autophagy: biology and 

therapeutic speculations. Autophagy 2006; 2: 132-4 

284.  Budovskaya YV, Stephan JS, Reggiori F, Klionsky DJ, Herman PK. The 

Ras/cAMPdependent protein kinase signaling pathway regulates an early step of the 

autophagy process in Saccharomyces cerevisiae. J Biol Chem 2004; 279: 20663-71. 

285.  Wang Z, Wilson WA, Fujino MA, Roach PJ. Antagonistic controls of autophagy and 

glycogen accumulation by Snf1p, the yeast homolog of AMP-activated protein kinase, 

and the cyclin-dependent kinase Pho85p. Mol Cell Biol 2001; 21: 5742-52. 

286.  Talloczy Z, Jiang W, Virgin HWT, Leib DA, Scheuner D, Kaufman RJ, Eskelinen 

EL, Levine B. Regulation of starvation- and virus-induced autophagy by the eIF2alpha 

kinase signaling pathway. Proc Natl Acad Sci USA 2002; 99:190-5.  

287.  Jung CH, Ro SH, Cao J, Otto NM, Kim DH. TOR regulation of autophagy. FEBS 

Letters 2010; 584: 1287-95. 

288.  Codogno P, Meijer AJ. Autophagy and signaling: their role in cell survival and cell 

death, Cell Death Differ 2005; 12: 1509-18. 

289.  Chang YY, Juhász G, Goraksha-Hicks P, Arsham AM, Mallin DR, Muller  LK, et al. 

Nutrient-dependent regulation of autophagy through the target of rapamycin pathway. 

Biochem Soc Trans 2009; 37: 232-6. 

290.  D’Amelio M, Cecconi F. A novel player in the p53-mediated autophagy: Sestrin2. 

Cell Cycle 2009, 8: 1467. 

291.  Kamada Y, Yoshino KI, Kondo C, Kawamata T, Oshiro N, Yonezawa K,  et al. Tor 

directly controls the Atg1 kinase complex to regulate autophagy. Mol Cell Biol 2010; 

30:1049-58. 

292.  Rosenbluth JM, Pietenpol JA. mTOR regulates autophagy-associated genes 

downstream of p73. Autophagy 2009; 5: 114-6. 

293.  Todde V, Veenhuis M, van der Klei IJ. Autophagy: Principles and significance in 

health and disease. Biochimica et Biophysica Acta 2009; 1792: 3-13. 

294.  Sridhar S, Botbo Y, Macian F, Cuervo AM. Autophagy and disease: always two sides 

to a problem. J Pathol 2012; 226: 255-73. 

295.  Rubinsztein DC, Codogno P, Levine B. Autophagy modulation as a potential 

therapeutic target for diverse diseases. Nature Rev Drug Dis 2012; 11: 709-30. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 133 -

296.  Kuma A, Mizushima N. Physiological role of autophagy as an intracellular recycling 

system: with an emphasis on nutrient metabolism. Semin Cell Dev Biol 2010; 7: 683-

90 

297.  Moriwaki H, Miwa Y, Tajika M, Kato M, Fukushima H, Shiraki M. Branched-chain 

amino acids as a protein and energy source in liver cirrhosis. Biochem Biophys Res 

Commun 2004; 313: 405-9. 

298.  Moreau K, Luo S, Rubinsztein DC. Cytoprotective roles for autophagy. Curr Opin 

Cell Biol 2010; 22: 206-11. 

299.  Menzies FM, Moreau K, Rubinsztein DC. Protein misfolding disorders and 

macroautophagy. Curr Opin Cell Biol 2011; 23: 190-7.  

300.  Kiffin R, Christian C, Knecht E, Cuervo AM. Activation of chaperone mediated 

autophagy during oxidative stress. Mol Biol Cell 2004; 15: 4829-40. 

301.  Sarkar S, Ravikumar B, Rubinsztein DC. Autophagic clearance of aggregate-prone 

proteins associated with neurodegeneration. Methods Enzymol 2009; 453: 83-110. 

302.  Farre JC, Krick R, Subramani S, Thumm M. Turnover of organelles by autophagy in 

yeast. Curr Opin Cell Biol 2009; 21: 522-30. 

303.  Tolkovsky AM. Mitophagy. Biochim Biophys Acta 2009; 1793: 1508-15. 

304.  Geisler S, Holmström KM, Skujat D, Fiesel FC, Rothfuss OC, Kahle PJ, et al. 

PINK1/Parkin mediated mitophagy is dependent on VDAC1 and p62/ SQSTM1. 

Nature Cell Biology 2010; 12: 119-31. 

305.  Singh R, Cuervo AM. Autophagy in the cellular energetic balance. Cell Metabolism 

2011; 13: 495-504. 

306.  Kotoulas OB, Kalamidas SA, Kondomerkos DJ. Glycogen autophagy in glucose 

homeostasis. Pathol Res Pract 2006; 202: 631-8.  

307.  Mariño G, Niso-Santano M, Baehrecke EH, Kroemer.G. Self-consumption: the 

interplay of autophagy and apoptosis. Nat Rev Mol Cell Biol 2014; 15: 81-94. 

308.  Galluzzi l, Vicencio JM, Kepp O, Tasdemir E, Maiuri MC, Kroemer G. To die or not 

to die: that is the autophagic question. Curr Mol Med 2008; 8: 78-91.  

309.  Amelio I, Melino G, Knight RA. Cell death pathology: Cross-talk with autophagy and 

its clinical implications. Biochem Biophys Res Commun 2011; 414: 277-81. 

310.  Puleston DJ, Simon AK. Autophagy in the immune system. Immunology 2013; 141: 

1-8. 

311.  Delgado MA, Elmaoued RA, Davis AS, Kyei G, Deretic V. Toll-like receptors control 

autophagy. EMBO J 2008; 27: 1110-21. 

312.  Crotzer VL, Bum JS. Autophagy and adaptive immunity. Immunology 2010; 131: 9-

17. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 134 -

313.  Nimmerjahn F, Milosevic S, Behrends U, Jaffee EM, Pardoll DM, Bornkamm GW, et 

al. Major histocompatibility complex class II-restricted presentation of a cytosolic 

antigen by autophagy. Eur J Immunol 2003; 33: 1250-9. 

314.  Lee HK, Lund JM, Ramanathan B, Mizushima N, Iwasaki A. Autophagy-dependent 

viral recognition by plasmacytoid dendritic cells. Science 2007; 315: 1398-401. 

315.  Hubbard VM, Valdor R, Patel B, Singh R, Cuervo AM, Macian F. Macroautophagy 

regulates energy metabolsim during effector T cell activation. J Immunol 2010; 185: 

7349-57. 

316.  Parekh VV, Wu L, Boyd KL, Williams JA, Gaddy JA, Olivares-Villagómez D, et al. 

Impaired autophagy, defective T cell homeostasis, and a wasting syndrome in mice 

with a T cell-specific deletion of Vps34. J Immunol 2013; 190: 5086-101. 

317.  Miller BC, Zhao Z, Stephenson LM, Cadwell K, Pua HH, Lee HK, et al. The 

autophagy gene ATG5 plays an essential role in B lymphocyte development. 

Autophagy 2008; 4: 309-14. 

318.  Kung CP, Budina A, Balaburski G, Bergenstock MK, Murphy NE. Autophagy in 

tumor suppression and cancer therapy. Crit Rev Eukaryot Gene Expr 2011; 21: 71-

100. 

319. Tasdemir E, Maiuri MC, Galluzzi L, Vitale I, Djavaheri-Mergny M, D’Amelio M, et 

al. Regulation of autophagy by cytoplasmic p53. Nat Cell Biol 2008; 10: 676-87. 

320.  Pattingre S, Tassa A, Qu X, Garuti R, Liang XH, Mizushima N, et al. Bcl-2 

antiapoptotic proteins inhibit Beclin 1-dependent autophagy. Cell 2005; 122: 927-39. 

321.  Mathew R, Kongara S, Beaudoin B, Karp CM, Bray K, Degenhardt K, et al. 

Autophagy suppresses tumor progression by limiting chromosomal instability. Genes 

Dev 2007; 21: 1367-81.  

322.  An CH, Kim MS, Yoo NJ, Park SW, Lee SH. Mutational and expressional analyses of 

ATG5, an autophagy-related gene, in gastrointestinal cancers. Pathol Res Pract 2011; 

207: 433-37. 

323.  Kang MR, Kim MS, Oh JE, Kim YR, Song SY, Kim SS, et al. Frameshift mutations 

of autophagy-related genes ATG2B, ATG5 ATG9B and ATG12 in gastric and 

colorectal cancers with microsatellite instability. J Pathol 2009; 217: 702-6. 

324.  Kim MS, Jeong EG, Ahn CH, Kim SS, Lee SH, Yoo NJ. Frameshift mutation of 

UVRAG, an autophagy-related gene, in gastric carcinomas with microsatellite 

instability. Hum Pathol 2008; 39: 1059-63. 

325.  Xu Y, Kim SO, Li Y, Han J. Autophagy contributes to caspase-independent 

macrophage cell death. J Biol Chem 2006; 281: 19179-87. 

326.  Qu X, Yu J, Bhagat G, Furuya N, Hibshoosh H, Troxel A, et al. Promotion of 

tumorigenesis by heterozygous disruption of the beclin 1 autophagy gene. J Clin Invest 

2003; 112: 1809-20.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 135 -

327.  Liang XH, Jackson S, Seaman M, Brown K, Kempkes B, Hibshoosh H, et al. 

Induction of autophagy and inhibition of tumorigenesis by beclin 1. Nature 1999; 402: 

672-6.  

328.  Tang D, Kang R, Livesey KM, Cheh CW, Farkas A, Loughran P, et al. Endogenous 

HMGB1 regulates autophagy. J Cell Biol 2010; 190: 881-92.  

329.  Young AR, Narita M, Ferreira M, Kirschner K, Sadaie M, Darot JF, et al. Autophagy 

mediates the mitotic senescence transition. Genes Dev 2009; 23: 798–803. 

330.  Mathew R, Karp CM, Beaudoin B, Vuong N, Chen G, Chen HY, et al. Autophagy 

suppresses tumorigenesis through elimination of p62. Cell 2009; 137: 1062-75.  

331.  Li Y, Wang LX, Yang G, Hao F, Urba WJ, Hu HM. Efficient cross-presentation 

depends on autophagy in tumor cells. Cancer Res 2008; 68: 6889-95.  

332.  Bae D, Lu S, Taglienti CA, Mercurio AM. Metabolic stress induces the lysosomal 

degradation of neuropilin-1 but not neuropilin-2. J Biol Chem 2008; 283: 28074-80.  

333.  Guo JY, Xia B, White E. Autophagy-mediated tumor promotion. Cell 2013; 155: 

1216-9.  

334.  Guo JY, Chen HY, Mathew R, Fan J, Strohecker AM, Karsli-Uzunbas G, et al. 

Activated Ras requires autophagy to maintain oxidative metabolism and 

tumorigenesis. Genes Dev 2011; 25: 460-70.  

335.  Guo XL, Li D, Hu F, Song JR, Zhang SS, Deng WJ, et al. Targeting autophagy 

potentiates chemotherapy-induced apoptosis and proliferation inhibition in 

hepatocarcinoma cells. Cancer Lett 2012; 320: 171-9.  

336.  Kimmelman AC. The dynamic nature of autophagy in cancer. Genes Dev 2011; 25: 

1999-2010. 

337.  Macias Rodriguez MA, Rendon Unceta P, Navas Relinque C, Tejada Cabrera M, 

Infantes Hernandez JM, Martin Herrera L. Ultrasonography in patients with chronic 

liver disease: Its usefulness in the diagnosis of cirrhosis. Rev Esp Enferm Dig  2003; 

95: 258-64, 1-7. 

338.  Peterson MS, Baron RL, Marsh JW Jr, Oliver JH 3rd, Confer SR, Hunt LE. 

Pretransplantation surveillance for possible hepatocellular carcinoma in patients with 

cirrhosis: epidemiology and CT-based tumor detection rate in 430 cases with surgical 

pathologic correlation. Radiology 2000; 217: 743-9. 

339.  O’neil P, Vital E, Betancourt-Loria N, Montes D. Performance evaluation of the  

complete blood count and white blood cell differential parameters on the AcT 5diff 

hematology analyzer. Lab Hematol 2001; 7: 116-24. 

340.  Maclene E, Young D, editors. Tietz textbook of clinical chemistry and molecular 

diagnostics. 5th ed. Philadelphia: W.B. Saunders Company; 2011. 

341.  Hussain N, Aslam M, Farooq R. Sensitivity comparison between rapid immuno-

chromatographic device test and ELISA in detection and sero-prevalence of HBsAg 

and anti-HCV antibodies in apparently healthy blood donors of lahore, pakistan. 

World Acad Sci Eng Technol  2011; 60: 1112-4. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 136 -

342.  Naresh KY, Rahmathulla S, Madhavi C, Ramachandra VV, Vishnupriya S, 

Mohammed AH, et al. Simultaneous detection of hepatitis B virus and hepatitis C 

virus in human plasma using taq-man chemistry. J Med Allied Sci  2011; 1: 69-73. 

343.  Miller WG, Myers GL, Ashwood ER, Killeen AA, Wang E, Thienpont LM, et al. 

Creatinine measurement: State of the art in accuracy and interlaboratory 

harmonization. Arch Pathol Lab Med  2005; 129: 297-304. 

344.  Carrat F, Bedossa P, Lunel-Fabiani F, Morand P, Pialoux G, Piroth L, et al . Serum 

alpha-fetoprotein predicts virologic response to hepatitis C treatment in HIV 

coinfected patients. AIDS. 2008; 22: 1513-5.  

345.  Pugh RNH, Murray-Lyon IM, Dawson JL, Pietroni MC, William R. Transection of 

the oesophagus for bleeding oesophageal varices. Br J Surgery 1973; 60: 646-9. 

346.  Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, et al. Model for 

end-stage liver disease (MELD) and allocation of donor livers. Gastroenterology 2003; 

124: 91-6. 

347.  D’Avola D, Inãrrairaegui M, Pardo F, Rotellar F, Marti P, Bilbao JI, et al. Prognosis 

of hepatocellular carcinoma in relation to treatment across BCLC stages. Ann Surg 

Oncol 2011; 18:1964-71.  

348.  Sorensen JB, Klee M, Palshof T, Hansen HH. Performance status assessment in 

cancer patients. An inter-observer variability study. Br J Cancer 1993; 67: 773-75.  

349.  Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N, Hasegawa H, et al. Natural 

history of hepatocellular carcinoma and prognosis in relation to treatment. Study of 

850 patients. Cancer 1985; 56: 918-28. 

350.  Gómez-Rodríguez R, Romero-Gutiérrez M, Artaza-Varasa T, González-Frutos C, 

Ciampi-Dopazo JJ, de-la-Cruz-Pérez G, et al. The value of the Barcelona Clinic Liver 

Cancer and alpha-fetoprotein in the prognosis of hepatocellular carcinoma. Rev Esp 

Enferm Dig 2012; 104: 298-304. 

351. The Cancer of the Liver Italian Program (CLIP) Investigators. A new prognostic 

system for hepatocellular carcinoma: A retrospective study of 435 patients. 

Hepatology 1998; 28: 751-5. 

352.  Law B, Malone MD, Biddlecombe RA. Enzyme-linked immunosorbent assay 

(ELISA) development and optimization. In: Law B (ed.). Immunoassay: A practical 

guide. London, Bristol: Taylor & Francis e-Library. 2005; 133-56. 

353.  Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon BR. 

Nonalcoholic steatohepatitis: A proposal for grading and staging the histological 

lesions. Am J Gastroenterol  1999; 94: 2467-74. 

354.  Pirisi M, Leutner M, Pinato DJ, Avellini C, Carsana L, Toniutto P, et al. Reliability 

and reproducibility of the edmondson grading of hepatocellular carcinoma using 

paired core biopsy and surgical resection specimens. Arch Pathol Lab Med  2010; 134: 

1818-22. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 137 -

355.  Li W, Tan D, Zhang Z, Liang JJ, Brown RE. Activation of Akt-mTOR-p70S6K 

pathway in angiogenesis in hepatocellular carcinoma. Oncol Rep  2008; 20: 713-9. 

356.  Tang JY, Fang YY, Hsi E, Huang YC, Hsu NC, Yang WC, et al. Immunopositivity of 

Beclin-1 and ATG5 as indicators of survival and disease recurrence in oral squamous 

cell carcinoma. Anticancer Res 2013; 33: 5611-6. 

357.  Pezacki JP, Singaravelu R, Lyn RK. Host-virus interactions during hepatitis C virus 

infection: a complex and dynamic molecular biosystem. Mol Biosyst 2010; 6: 1131-

42. 

358.  Yousefi S, Perozzo R, Schmid I, Ziemiecki A, Schaffner T, Scapozza L, et al. 

Calpain-mediated cleavage of Atg5 switches autophagy to apoptosis. Nat Cell Biol 

2006; 8: 1124-32. 

359.  Buchkovich NJ, Yu Y, Zampieri CA, Alwine JC. The TORrid affairs of viruses: 

effects of mammalian DNA viruses on the PI3K-Akt-mTOR signalling pathway. Nat 

Rev Microbiol 2008; 6: 266-75. 

360.  Jordan TX, Randall G. Manipulation or capitulation: virus interactions with 

autophagy. Microbes Infect 2012; 14: 126-39. 

361.  Cejka D, Hayer S, Niederreiter B, Sieghart W, Fuereder T, Zwerina J, et al. 

Mammalian target of rapamycin signaling is crucial for joint destruction in 

experimental arthritis and is activated in osteoclasts from patients with rheumatoid 

arthritis. Arthritis Rheum 2010; 62: 2294-302.  

362.  Levine B, Mizushima N, Virgin HW. Autophagy in immunity and inflammation. 

Nature 2011; 469: 323-35.  

363.  Shrivastava S, Chowdhury JB, Steele R, Ray R, Ray RB. Hepatitis C virus 

upregulates beclin1 for induction of autophagy and activates mTOR signaling. J Virol 

2012; 86: 8705-12. 

364.  Bose SK, Shrivastava S, Meyer K, Ray RB, Ray R. Hepatitis C virus activates the 

mTOR/S6K1 signaling pathway in inhibiting IRS-1 function for insulin resistance. J 

Virol 2012; 86: 6315-22. 

365.  Mannová P, Beretta L. Activation of the N-Ras-PI3K-Akt-mTOR pathway by 

hepatitis C virus: control of cell survival and viral replication. J Virol 2005; 79: 8742-

9.  

366.  Pazienza V, Clément S, Pugnale P, Conzelman S, Foti M, Mangia A, et al. The 

hepatitis C virus core protein of genotypes 3a and 1b downregulates insulin receptor 

substrate 1 through genotype-specific mechanisms. Hepatology 2007; 45: 1164-71. 

367.  George A, Panda S, Kudmulwar D, Chhatbar SP, Nayak SC, Krishnan HH. Hepatitis 

C virus NS5A binds to the mRNA cap-binding eukaryotic translation initiation 4F 

(eIF4F) complex and up-regulates host translation initiation machinery through eIF4E-

binding protein 1 inactivation. J Biol Chem 2012; 287: 5042-58. 

368.  Peng L, Liang D, Tong W, Li J, Yuan Z. Hepatitis C virus NS5A activates the 

mammalian target of rapamycin (mTOR) pathway, contributing to cell survival by 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 138 -

disrupting the interaction between FK506-binding protein 38 (FKBP38) and mTOR. J 

Biol Chem 2010; 285: 20870-81. 

369.   Huang H, Kang R, Wang J, Luo G, Yang W, Zhao Z. Hepatitis C virus inhibits AKT-

tuberous sclerosis complex (TSC), the mechanistic target of rapamycin (MTOR) 

pathway, through endoplasmic reticulum stress to induce autophagy. Autophagy 2013; 

9: 175-95.  

370.  He Y, Nakao H, Tan SL, Polyak SJ, Neddermann P, Vijaysri S, et al. Subversion of 

cell signaling pathways by hepatitis C virus nonstructural 5A protein via interaction 

with Grb2 and P85 phosphatidylinositol 3-kinase. J Virol 2002; 76: 9207-17. 

371.  Panda S, Vedagiri D, Viveka TS, Harshan KH. A unique phosphorylation-dependent 

eIF4E assembly on 40S ribosomes co-ordinated by hepatitis C virus protein NS5A that 

activates internal ribosome entry site translation. Biochem J. 2014; 462: 291-302.  

372.  Clément S, Peyrou M, Sanchez-Pareja A, Bourgoin L, Ramadori P, Suter D,  et al. 

Down-regulation of phosphatase and tensin homolog by hepatitis C virus core 3a in 

hepatocytes triggers the formation of large lipid droplets. Hepatology 2011; 54: 38-49. 

373.  Liu Z, Tian Y, Machida K, Lai MM, Luo G, Foung SK, et al. Transient activation of 

the PI3K-AKT pathway by hepatitis C virus to enhance viral entry. J Biol Chem 2012; 

287: 41922-30. 

374.  Brunton J, Steele S, Ziehr B, Moorman N, Kawula T. Feeding uninvited guests: 

mTOR and AMPK set the table for intracellular pathogens. PLoS Pathog 2013; 9: 

e1003552. 

375.  Roberts LO, Jopling CL, Jackson RJ, Willis AE. Viral strategies to subvert the 

mammalian translation machinery. Prog Mol Biol Transl Sci 2009; 90: 313-67 

376. Wagner D, Kniepeiss D, Schaffellner S, Jakoby E, Mueller H, Fahrleitner-Pammer A, 

et al. Sirolimus has a potential to influent viral recurrence in HCV positive liver 

transplant candidates. Int Immunopharmacol 2010; 10: 990-3. 

377.  Shi WY, Xiao D, Wang L, Dong LH, Yan ZX, Shen ZX, et al. Therapeutic 

metformin/AMPK activation blocked lymphoma cell growth via inhibition of mTOR 

pathway and induction of autophagy. Cell Death Dis 2012; 3: e275.  

378.  Benhamron S, Tirosh B. Direct activation of mTOR in B lymphocytes confers 

impairment in B-cell maturation and loss of marginal zone B cells. Eur J Immunol 

2011; 41: 2390-6. 

379.  Yen CJ, Lin YJ, Yen CS, Tsai HW, Tsai TF, Chang KY, et al. Hepatitis B virus X 

protein upregulates mTOR signaling through IKKβ to increase cell proliferation and 

VEGF production in hepatocellular carcinoma. PLoS One 2012; 7: e41931. 

380.  Blanchet FP, Moris A, Nikolic DS, Lehmann M, Cardinaud S, Stalder R, et al. Human 

immunodeficiency virus-1 inhibition of immunoamphisomes in dendritic cells impairs 

early innate and adaptive immune responses. Immunity 2010; 32: 654-69. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 139 -

381.  Shives KD, Beatman EL, Chamanian M, O'Brien C, Hobson-Peters J, Beckham JD. 

West nile virus-induced activation of Mammalian target of rapamycin complex 1 

supports viral growth and viral protein expression. J Virol 2014; 88: 9458-71. 

382.  O’Shea C, Klupsch K, Choi S, Bagus B, Soria C, Shen J, et al. Adenoviral proteins 

mimic nutrient/growth signals to activate the mTOR pathway for viral replication.  

EMBO J 2005; 24: 1211-21. 

383.  Clippinger AJ, Maguire TG, Alwine JC. Human cytomegalovirus infection maintains 

mTOR activity and its perinuclear localization during amino acid deprivation. J Virol 

2011; 85: 9369-76. 

384.  Clippinger AJ, Maguire TG, Alwine JC. The changing role of mTOR kinase in the 

maintenance of protein synthesis during human cytomegalovirus infection. J Virol 

2011; 85: 3930-9.  

385.  Chuluunbaatar U, Mohr I. A herpesvirus kinase that masquerades as Akt: you don't 

have to look like Akt, to act like it. Cell Cycle 2011; 10: 2064-8.  

386.  Surviladze Z, Sterk RT, DeHaro SA, Ozbun MA. Cellular entry of human 

Papillomavirus type 16 involves activation of the phosphatidylinositol 3-

kinase/Akt/mTOR pathway and inhibition of autophagy. J Virol 2013; 87: 2508-17.  

387.  Liacini A, Seamone ME, Muruve DA, Tibbles LA. Anti-BK virus mechanisms of 

sirolimus and leflunomide alone and in combination: toward a new therapy for BK 

virus infection. Transplantation 2010; 90: 1450-7.  

388.  Chang HH, Ganem D. A unique herpesviral transcriptional program in KSHV-

infected lymphatic endothelial cells leads to mTORC1 activation and rapamycin 

sensitivity. Cell Host Microbe 2013; 13: 429-40.  

389.  Moorman NJ, Cristea IM, Terhune SS, Rout MP, Chait BT, Shenk T. Human 

cytomegalovirus protein UL38 inhibits host cell stress responses by antagonizing the 

tuberous sclerosis protein complex. Cell Host Microbe 2008; 3: 253-62. 

390.  Tilton C, Clippinger AJ, Maguire T, Alwine JC. Human cytomegalovirus induces 

multiple means to combat reactive oxygen species. J Virol 2011; 85: 12585-93.  

391.  Panasyuk G, Patitucci C, Espeillac C, Pende M. The role of the mTOR pathway 

during liver regeneration and tumorigenesis. Ann Endocrinol (Paris) 2013; 74: 121-2. 

392. Wang Y, Shi M, Fu H, Xu H, Wei J, Wang T, et al. Mammalian target of the 

rapamycin pathway is involved in non-alcoholic fatty liver disease.  Mol Med Reports 

2010; 3: 909-15. 

393.  Zhang Y, Bi Y, Yang H, Chen X, Liu H, Lu Y, et al. mTOR limits the recruitment of 

CD11b+Gr1+Ly6Chigh myeloid-derived suppressor cells in protecting against murine 

immunological hepatic injury. Biol 2014; 95: 961-70.  

394.  Wang C, Hu L, Zhao L, Yang P, Moorhead JF, Varghese Z, et al. Inflammatory stress 

increases hepatic CD36 translational efficiency via activation of the mtor signalling 

pathway. PLoS One 2014; 9: e103071.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 140 -

395.  Wang W, Yan J, Wang H, Shi M, Zhang M, Yang W, ET AL. Rapamycin ameliorates 

inflammation and fibrosis in the early phase of cirrhotic portal hypertension in rats 

through inhibition of mTORC1 but not mTORC2. PLoS One 2014; 9: e83908. 

396.  Menon S, Yecies JL, Zhang HH, Howell JJ, Nicholatos J, Harputlugil E, et al. 

Chronic activation of mTOR complex 1 is sufficient to cause hepatocellular carcinoma 

in mice. Sci Signal 2012; 5: ra24. 

397.  Patsenker E, Schneider V, Ledermann M, Saegesser H, Dorn C, Hellerbrand C, et al. 

Potent antifibrotic activity of mTOR inhibitors sirolimus and everolimus but not of 

cyclosporine A and tacrolimus in experimental liver fibrosis. J Hepatol 2011; 55: 388-

98.  

398.  Lim HK, Choi YA, Park W, Lee T, Ryu SH, Kim SY, et al. Phosphatidic acid 

regulates systemic inflammatory responses by modulating the Akt-mammalian target 

of rapamycin-p70S6 kinase-1 pathway. J Biol Chem 2003; 278: 45117-27. 

399.  Vinciguerra M, Veyrat-Durebex C, Moukil MA, Rubbia-Brandt L, Rohner-

Jeanrenaud F, Foti M. PTEN down-regulation by unsaturated fatty acids triggers 

hepatic steatosis via an NF-kappaBp65/mTOR-dependent mechanism. 

Gastroenterology 2008; 134: 268-80. 

400.  Lisi L, Navarra P, Feinstein DL, Dello Russo C. The mTOR kinase inhibitor 

rapamycin decreases iNOS mRNA stability in astrocytes. J Neuroinflammation 2011; 

8:1. 

401.  Bonegio RG, Fuhro R, Wang Z, Valeri CR, Andry C, Salant DJ, et al. Rapamycin 

ameliorates proteinuria-associated tubulointerstitial inflammation and fibrosis in 

experimental membranous nephropathy. J Am Soc Nephrol 2005; 16: 2063-72. 

402.  Kim HY, Jhun JY, Cho ML, Choi JY, Byun JK, Kim EK, et al. Interleukin-6 

upregulates Th17 response via mTOR/STAT3 pathway in acute-on-chronic hepatitis B 

liver failure. J Gastroenterol 2014; 49: 1264-73.  

403.  Makki K, Taront S, Molendi-Coste O, Bouchaert E, Neve B, Eury E, et al. Beneficial 

metabolic effects of rapamycin are associated with enhanced regulatory cells in diet-

induced obese mice. PLoS One 2014; 9: e92684.  

404.  Trotter JF. Sirolimus in liver transplantation. Transplant Proc 2003; 35 (3A): 193S-

200S. 

405.   McKenna GJ, Trotter JF, Klintmalm E, Onaca N, Ruiz R, Jennings LW, et al. 

Limiting hepatitis C virus progression in liver transplant recipients using liver 

transplant recipients. Am J Transplant 2011; 11: 2379-87. 

406.  Asthana S, Toso C, Meeberg G, Bigam DL, Mason A, Shapiro J, et al. The impact of 

sirolimus on hepatitis C recurrence after liver transplantation. Can J Gastroenterol 

2011; 25: 28-34. 

407.  Fernández-Yunquera A, Ripoll C, Bañares R, Puerto M, Rincón D, Yepes I, et al. 

Everolimus immunosuppression reduces the serum expression of fibrosis markers in 

liver transplant recipients. World J Transplant 2014; 4: 133-40. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 141 -

408.  Neef M, Ledermann M, Saegesser H, Schneider V, Reichen J. Low-dose oral 

rapamycin treatment reduces fibrogenesis, improves liver function, and prolongs 

survival in rats with established liver cirrhosis. J Hepatol 2006; 45: 786-96. 

409.  Liu Q, Wang X, Zhang Y, Li C, Hu L, Shen X. Leukamenin F suppresses liver 

fibrogenesis by inhibiting both hepatic stellate cell proliferation and extracellular 

matrix production. Acta Pharmacologica Sinica 2010; 31: 839-48. 

410.  Biecker E, De Gottardi A, Neef M, Unternahrer M, Schneider V, Ledermann M, et al. 

Long-term treatment of bile duct-ligated rats with rapamycin (sirolimus) significantly 

attenuates liver fibrosis: analysis of the underlying mechanisms. J Pharmacol Exp Ther 

2005; 313: 952-61. 

411.  Mejias M, Garcia-Pras E, Gallego J, Mendez R, Bosch J, Fernandez M. Relevance of 

the mTOR signaling pathway in the pathophysiology of splenomegaly in rats with 

chronic portal hypertension. J Hepatol 2010; 52: 529-39. 

412.  Reif S, Lang A, Lindquist JN, Yata Y, Gabele E, Scanga A, et al. The role of focal 

adhesion kinase-phosphatidylinositol 3-kinase-Akt signaling in hepatic stellate cell 

proliferation and type I collagen expression. J Biol Chem 2003; 278: 8083-90. 

413.  Gabele E, Reif S, Tsukada S, Bataller R, Yata Y, Morris T, et al. The role of p70S6K 

in hepatic stellate cell collagen gene expression and cell proliferation. J Biol Chem 

2005; 280: 13374-82. 

414.  Piguet AC, Majumder S, Maheshwari U, Manjunathan R, Saran U, Chatterjee S et al. 

Everolimus is a potent inhibitor of activated hepatic stellate cell functions in vitro and 

in vivo, while demonstrating anti-angiogenic activities. Clin Sci 2014; 126: 775-84. 

415.  Alessandra G, Fabio M, Paolo G, Massimo P. Phosphatidylinositol-3 kinase and 

extracellular signal-regulated kinase mediate the chemotactic and mitogenic effects of 

insulin-like growth factor-I in human hepatic stellate cells. J Hepatol 2000; 32: 221-34. 

416.  Shegogue D, Trojanowska M. Mammalian target of rapamycin positively regulates 

collagen type I production via a phosphatidylinositol 3-kinase-independent pathway. J 

Biol Chem 2004; 279: 23166-75. 

417.  Wong VW, You F, Januszyk M, Gurtner GC, Kuang AA. Transcriptional profiling of 

rapamycin-treated fibroblasts from hypertrophic and keloid scars. Ann Plast Surg 

2014; 72: 711-9. 

418.  Zhang H, Guo M, Chen JH, Wang Z, Du XF, Liu PX, et al. Osteopontin knockdown 

inhibits αv,β3 integrin-induced cell migration and invasion and promotes apoptosis of 

breast cancer cells by inducing autophagy and inactivating the PI3K/Akt/mTOR 

pathway. Cell Physiol Biochem. 2014; 33: 991-1002. 

419.  Le Pabic H, L’Helgoualćh A, Coutant A, Wewer UM, Baffet G, Clement B, et al. 

Involvement of the serine/threonine p70S6 kinase in TGF-β1-induced ADAM12 

expression in cultured human hepatic stellate cells. J Hepatol 2005; 43: 1038-44. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 142 -

420.  Pontrelli P, Rossini M, Infante B, Stallone G, Schena A, Loverre A, et al. Rapamycin 

inhibits PAI-1 expression and reduces interstitial fibrosis and glomerulosclerosis in 

chronic allograft nephropathy. Transplantation 2008; 85: 125-34. 

421.  Bridle KR, Popa C, Morgan ML, Sobbe AL, Clouston AD, Fletcher LM,  et al. 

Rapamycin inhibits hepatic fibrosis in rats by attenuating multiple profibrogenic 

pathways. Liver Transpl 2009; 15: 1315-24. 

422.  Kubrusly MS, Corrêa-Giannella ML, Bellodi-Privato M, de Sá SV, de Oliveira CP, 

Soares IC, et al. A role for mammalian target of rapamycin (mTOR) pathway in non 

alcoholic steatohepatitis related-cirrhosis. Histol Histopathol 2010; 25: 1123-31. 

423.  Sapp V, Gaffney L, EauClaire SF, Matthews RP. Fructose leads to hepatic steatosis in 

zebrafish that is reversed by mTOR inhibition. Hepatology 2014 [ahead of 

publication].  

424.  Wang C, Yan Y, Hu L, Zhao L, Yang P, Moorhead JF, et al. Rapamycin-mediated 

CD36 translational suppression contributes to alleviation of hepatic steatosis. Biochem 

Biophys Res Commun 2014; 447: 57-63 

425.  Del Campo JA, Romero-Gómez M. Steatosis and insulin resistance in hepatitis C: A 

way out for the virus? World J Gastroenterol 2009; 15: 5014-9. 

426.  Sheikh MY, Choi J, Qadri I, Friedman JE, Sanyal AJ. Hepatitis C virus infection: 

Molecular pathways to metabolic syndrome. Hepatology 2008; 47: 2127-33. 

427.  Miquilena-Colina ME, Lima-Cabello E, Sánchez-Campos S, García-Mediavilla MV, 

Fernández-Bermejo M, Lozano-Rodríguez T, et al. Hepatic fatty acid translocase 

CD36 upregulation is associated with insulin resistance, hyperinsulinaemia and 

increased steatosis in non-alcoholic steatohepatitis and chronic hepatitis C. Gut 2011; 

60: 1394-402. 

428.  Peng T, Golub TR, Sabatini DM. The immunosuppressant rapamycin mimics a 

starvation-like signal distinct from amino acid and glucose deprivation. Mol Cell Biol 

2002; 22: 5575-84. 

429.  Lee SK, Lee JO, Kim JH, Kim SJ, You GY, Moon JW, et al. Metformin sensitizes 

insulin signaling through AMPK-mediated PTEN down-regulation in preadipocyte 

3T3-L1 cells. J Cell Biochem 2011; 112: 1259-67 

430.  Faried LS, Faried A, Kanuma T, Aoki H, Sano T, Nakazato T, et al. Expression of an 

activated mammalian target of rapamycin in adenocarcinoma of the cervix: a potential 

biomarker and molecular target therapy. Mol Carcinog 2008; 47: 446-57.  

431.  Lee D, Do IG, Choi K, Sung CO, Jang KT, Choi D, et al. The expression of phospho-

AKT1 and phospho-MTOR is associated with a favorable prognosis independent of 

PTEN expression in intrahepatic cholangiocarcinomas. Mod Pathol 2012; 25: 131-9. 

432.  Hartmann W, Kuchler J, Koch A, Friedrichs N, Waha A, Endl E, et al. Activation of 

phosphatidylinositol-3’-kinase/AKT signaling is essential in hepatoblastoma survival. 

Clin Cancer Res 2009; 15: 4538-45. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 143 -

433.  Kang GH, Lee BS, Lee ES, Kim SH, Lee HY, Kang DY.  Prognostic Significance of 

p53, mTOR, c-Met, IGF-1R, and HSP70 overexpression after the resection of 

hepatocellular carcinoma.  Gut Liver 2014; 8: 79-87. 

434.  Chen JS, Wang Q, Fu XH, Huang XH, Chen XL, Cao LQ, et al. Involvement of 

PI3K/PTEN/AKT/mTOR pathway in invasion and metastasis in hepatocellular 

carcinoma: Association with MMP-9. Hepatol Res 2009; 39: 177-86. 

435.  Hui IC, Tung EK, Sze KM, Ching YP, Ng IO. Rapamycin and CCI-779 inhibit the 

mammalian target of rapamycin signalling in hepatocellular carcinoma Liver Int 2009; 

30: 65-75. 

436.  Li W, Tan D, Zhang Z, Liang JJ, Brown RE. Activation of Akt-mTOR-p70S6K 

pathway in angiogenesis in hepatocellular carcinoma. Oncol Reports 2008; 20: 713-9. 

437.  Calvisi DF, Wang C, Ho C, Ladu S, Lee SA, Mattu S, et al. Increased lipogenesis, 

induced by AKT-mTORC1-RPS6 signaling, promotes development of human 

hepatocellular carcinoma. Gastroenterology 2011; 140: 1071-83. 

438.  Zhou L, Huang Y, Li J, Wang Z. The mTOR pathway is associated with the poor 

prognosis of human hepatocellular carcinoma. Med Oncol 2010; 27: 255-61. 

439.  Cotler SJ, Hay N, Xie H, Chen ML, Xu PZ, Layden TJ, et al. Immunohistochemical 

expression of components of the AKT-mTORC1 pathway is associated with 

hepatocellular carcinoma in patients with chronic liver disease. Dig Dis Sci 2008; 53: 

844-9. 

440. Villanueva A, Chiang DY, Newell P, Peix J, Thung S, Alsinet C, et al. Pivotal role of 

mTOR signaling in hepatocellular carcinoma. Gastroenterology 2008; 135: 1972-84. 

441.  Cotler SG, Guzman G, Hay N, Layden TG. Immunohistochemical evidence of mtor 

activity in hepatocellular carcinoma (HCC) from liver explants is associated with HCC 

recurrence after liver transplantation (OLT). J Hepatol 2007; 46 (Suppl 1): S65. 

442.  Tam KH, Yang ZF, Lau CK, Lam CT, Pang RWC, Poon RTP. Inhibition of mTOR 

enhances chemosensitivity in hepatocellular carcinoma. Cancer Lett 2009; 273: 20-9. 

443.  Kelley RK, Nimeiri HS, Munster PN, Vergo MT, Huang Y, Li CM, et al. 

Temsirolimus combined with sorafenib in hepatocellular carcinoma: a phase I dose-

finding trial with pharmacokinetic and biomarker correlates. Ann Oncol 2013; 24: 

1900-7. 

444.  Li S, Liang Y, Wu M, Wang X, Fu H, Chen Y, et al. The novel mTOR inhibitor CCI-

779 (temsirolimus) induces antiproliferative effects through inhibition of mTOR in 

Bel-7402 liver cancer cells. Cancer Cell Int 2013, 13: 30. 

445.  Pu X, Guo QX, Long HA, Yang CW. Effects of mTOR-STAT3 on the migration and 

invasion abilities of hepatoma cell and mTOR-STAT3 expression in liver cancer. 

Asian Pacific J Trop Med 2014; 7: 368-72. 

446.  Mamane Y, Petroulakis E, Rong L, Yoshida K, Ler LW, Sonenberg N. eIF4E–from 

translation to transformation. Oncogene 2004; 23: 3172-9. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 144 -

447.  Semenza GL, Roth PH, Fang HM, Wang GL. Transcriptional regulation of genes 

encoding glycolytic enzymes by hypoxia-inducible factor 1. J Biol Chem 1994; 269: 

23757-63. 

448.  Martínez-López N, Varela-Rey M, Fernández-Ramos D, Woodhoo A, Vázquez-

Chantada M, Embade N, et al. Activation of LKB1–Akt pathway independent of 

phosphoinositide 3–kinase plays a critical role in the proliferation of hepatocellular 

carcinoma from nonalcoholic steatohepatitis. Hepatology 2010; 52: 1621-31. 

449.  Koike K. Steatosis, liver injury, and hepatocarcinogenesis in hepatitis C viral 

infection. Gastroenterology 2009; 44 (Suppl 19): 82-8. 

450.  Moriya M, Yamada T, Tamura M, Ishikawa D, Hoda MA, Matsumoto I, et al. 

Antitumor effect and antiangiogenic potential of the mTOR inhibitor temsirolimus 

against malignant pleural mesothelioma. Oncol Rep 2014; 31: 1109-15.  

451.  Matsubara S, Ding Q, Miyazaki Y, Kuwahata T, Tsukasa K, Takao S. mTOR plays 

critical roles in pancreatic cancer stem cells through specific and stemness-related 

functions. Sci Rep 2013; 3: 3230.  

452.  Bu X, Jia F, Wang W, Guo X, Wu M, Wei L. Coupled down-regulation of mTOR and 

telomerase activity during fluorouracil-induced apoptosis of hepatocarcinoma cells. 

BMC Cancer 2007; 7: 208. 

453.  Viglietto G, Motti M, Bruni P, Melillo RM, D'Alessio A, Califano D, Vinci F, et al. 

Cytoplasmic relocalization and inhibition of the cyclin-dependent kinase inhibitor 

p27(KIP1) by PKB/Akt-mediated phosphorylation in breast cancer. Nat Med 2002; 8: 

1136-44. 

454.  Codogno P, Meijer AJ. Autophagy in the liver. J Hepatol 2013; 59: 389-91. 

455.  Rautou PE, Cazals-Hatem D, Feldmann G, Mansouri A, Grodet A, Barge S, et al. 

Changes in autophagic response in patients with chronic hepatitis C virus infection. 

Am J Pathol 2011; 178: 2708-15. 

456.  Kotsafti A, Farinati F, Cardin R, Cillo U, Nitti D, Bortolami M. Autophagy and 

apoptosis-related genes in chronic liver disease and hepatocellular carcinoma. BMC 

Gastroenterol 2012, 12: 118.  

457.  Vescovo T, Romagnoli A, Perdomo AB, Corazzari M, Ciccosanti F, Alonzi T, et al. 

Autophagy protects cells from HCV-induced defects in lipid metabolism. 

Gastroenterology 2012; 142: 644-53. 

458.  Ait-Goughoulte M, Kanda T, Meyer K, Ryerse JS, Ray RB, Ray R. Hepatitis C virus 

genotype 1a growth and induction of autophagy. J Virol 2007; 82: 2241-9. 

459. .Sir D, Chen WL, Choi J, Wakita T, Yen TS, Ou JH. Induction of incomplete 

autophagic response by hepatitis C virus via the unfolded protein response. 

Hepatology 2008; 48: 1054-61. 

460.  Dreux M, Gastaminza P, Wieland SF, Chisari FV. The autophagy machinery is 

required to initiate hepatitis C virus replication. Proc Natl Acad Sci 2009; 106: 14046-

51. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 145 -

461.  Guévin C, Manna D, Bélanger C, Konan KV, Mak P, Labonté P. Autophagy protein 

Atg5 interacts transiently with the hepatitis C virus RNA polymerase (NS5B) early 

during infection. Virology 2010; 405: 1-7. 

462.  Grégoire IP, Richetta C, Meyniel-Schicklin L. IRGM is a common target of RNA 

viruses that subvert the autophagy network.  PLoS Pathogens 2011; 7: 1163-4. 

463.  Su WC, Chao TC, Huang YL, Weng SC, Jeng KS, Lai MM. Rab5 and class III 

phosphoinositide 3-kinase Vps34 are involved in hepatitis C virus NS4B-induced 

autophagy. J Virol 2011; 85: 10561-71. 

464.  Aweya JJ, Mak TM, Lim SG, Tan Y. The p7 protein of the hepatitis C virus induces 

cell death differently from the influenza A virus viroporin M2. Virus Research 2013; 

172: 24-34. 

465.  Wang J, Kang R, Huang H, Xi X, Wang B, Wang J, et al. Hepatitis C virus core 

protein activates autophagy through EIF2AK3 and ATF6UPR pathway mediated 

MAP1LC3B and ATG12 expression. Autophagy 2014; 10: 766-84.  

466.  Ke PY, Chen SS. Activation of the unfolded protein response and autophagy after 

hepatitis C virus infection suppresses innate antiviral immunity in vitro. J Clin Invest 

2011; 121: 37-56.  

467.  Chu VC, Bhattacharya S, Nomoto A, Lin J, Zaidi SK, Oberley TD, et al. Persistent 

expression of hepatitis C virus non-structural proteins leads to increased autophagy 

and mitochondrial injury in human hepatoma cells. PLoS One 2011; 6: e28551. 

468.  Dabo S, Meurs EF. DsRNS-dependent protein kinase PKR and its role in stress, 

signaling and HCV infection. Viruses 2012; 4: 2598-635. 

469.  Taguwa S, Kambara H, Fujita N, Noda T, Yoshimori T, Koike K, et al. Dysfunction 

of autophagy participates in vacuole formation and cell death in cells replicating 

hepatitis C virus. J Virol 2011; 85: 13185-94. 

470.  Fortunato F, Burgers H, Bergmann F, Rieger P, Buchler MW, Kroemer G, et al. 

Impaired autolysosome formation correlates with LAMP-2 depletion: Role of 

apoptosis, autophagy, and necrosis in pancreatitis. Gastroenterology 2009; 137: 350-

60. 

471.  Dreux M, Chisari FV. Impact of the autophagy machinery on hepatitis C virus 

infection. Viruses 2011; 3: 1342-57. 

472.  Sir D, Kuo Cf, Tian Y, Liu HM, Huang EJ, Jung JU, et al. Replication of hepatitis C 

virus RNA on autophagosomal membranes. J Biol Chem 2012; 287: 18036-43. 

473.  Saito T, Owen DM, Jiang F, Marcotrigiano J, Gale MJr. Innate immunity induced by 

composition-dependent RIG-I recognition of hepatitis C virus RNA. Nature 2008; 454: 

523-7.  

474.  Kim SJ, Syed GH, Khan M, Chiua WW, Sohailb MA, Gishc RG, et al. Hepatitis C 

virus triggers mitochondrial fission and attenuates apoptosis to promote viral 

persistence. PNAS 2014; 111: 6413-8. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 146 -

475.  Tanida I, Fukasawa M, Ueno T, Kominami E, Wakita T, Hanada K. Knockdown of 

autophagy-related gene decreases the production of infectious hepatitis C virus 

particles. Autophagy 2009; 5: 937-45. 

476.  Komatsu M, Waguri S, Ueno T, Iwata J, Murata S, Tanida I, et al. Impairment of 

starvation-induced and constitutive autophagy in Atg7-deficient mice. J Cell Biol 

2005; 169: 425-434. 

477.  Ni HM, Bockus A, Boggess N, Jaeschke H, Ding WX. Activation of autophagy 

protects against acetaminophen-induced hepatotoxicity. Hepatology 2012; 55: 222-32.  

478.  Wang Y, Singh R, Xiang Y, Czaja MJ. Macroautophagy and chaperone-mediated 

autophagy are required for hepatocyte resistance to oxidant stress. Hepatology 2010; 

52: 266-77. 

479.  Amir M, Zhao E, Fontana L, Rosenberg H, Tanaka K, Gao G, et al. Inhibition of 

hepatocyte autophagy increases tumor necrosis factor-dependent liver injury by 

promoting caspase-8 activation. Cell Death Differ 2013; 20: 878-87. 

480.  Fang H, Liu A, Dahmen U and Dirsch O. Dual role of chloroquine in liver ischemia 

reperfusion injury: reduction of liver damage in early phase, but aggravation in late 

phase. Cell Death Dis 2013’ 4: e694. 

481.  Lin CW, Zhang H, Li M, Xiong X, Chen X, Chen X, et al. Pharmacological 

promotion of autophagy alleviates steatosis and injury in alcoholic and non-alcoholic 

fatty liver conditions in mice. J Hepatol 2013; 58: 993-9. 

482.  Ding WX, Li M, Chen X, Ni HM, Lin CW, Gao W, et al. Autophagy reduces acute 

ethanol-induced hepatotoxicity and steatosis in mice. Gastroenterology 2010; 139: 

1740-52. 

483.  Kashima J, Shintani-Ishida K, Nakajima M, Maeda H, Unuma K, Uchiyama Y, et al. 

Immunohistochemical study of the autophagy marker microtubule-associated protein 1 

light chain 3 in normal and steatotic human livers. Hepatol Res 2014; 44: 779-87. 

484.  Pyo JO, Jang MH, Kwon YK, Lee HJ, Jun JI, Woo HN, et al. Essential roles of Atg5 

and FADD in autophagic cell death: dissection of autophagic cell death into vacuole 

formation and cell death. J Biol Chem 2005; 280: 20722-9. 

485.  Choi AJ, Ryter SW. Autophagy in inflammatory diseases. Int J Cell Biol 2011; 2011: 

732798. 

486.  François A, Rioux Bilan A, Quellard N, Fernandez B, Janet T,Chassaing D, et al. 

Longitudinal follow-up of autophagy and inflammation in brain of APPswePS1dE9 

transgenic mice. J Neuroinflammation 2014; 11: 139. 

487. Maderna P, Godson C. Phagocytosis of apoptotic cells and the resolution of 

inflammation. Biochim Biophys Acta 2003; 1639: 141-51.  

488.  Scherz-Shouval R, Shvets E, Fass E, Shorer H, Gil L, Elazar Z. Reactive oxygen 

species are essential for autophagy and specifically regulate the activity of Atg4. 

EMBO J 2007; 26: 1749-60. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 147 -

489.  Saitoh T, Fujita N, Jang MH, Uematsu S, Yang BG, Satoh T, et al. Loss of the 

autophagy protein Atg16L1 enhances endotoxin-induced IL-1beta production.  Nature 

2008; 456: 264-8.  

490.  Nakahira K, Haspel JA, Rathinam VAK, Lee SJ, Dolinay T, Lam HC, et al. 

Autophagy proteins regulate innate immune responses by inhibiting the release of 

mitochondrial DNA mediated by the NALP3 inflammasome. Nature immunol 2010; 

12: 222-30. 

491.  Sanz L, Diaz-Meco MT, Nakano H, Moscat J. The atypical PKC-interacting protein 

p62 channels NF-kappaB activation by the IL-1-TRAF6 pathway. EMBO J 2000; 

19:1576-86. 

492.  Thoen LF, Guimaraes EL, Dolle L, Mannaerts I, Najimi M, Sokal E, et al. A role for 

autophagy during hepatic stellate cell activation. J Hepatol 2011; 55: 1353-60. 

493.  Hernandez-Gea V, Ghiassi-Nejad Z, Rozenfeld R, Gordon R, Fiel MI, Yue Z, et al. 

Autophagy releases lipid that promotes fibrogenesis by activated hepatic stellate cells 

in mice and in human tissues. Gastroenterology 2012; 142: 938-46. 

494.  Kim SI, Na HJ, Ding Y, Wang Z, Lee SJ, Choi ME. Autophagy promotes intracellular 

degradation of type I collagen induced by Transforming Growth Factor (TGF)-beta1. J 

Biol Chem 2012; 287: 11677-88. 

495.  Kotsafti A, Farinati F, Cardin R, Cillo U, Nitti D, Bortolami M. Autophagy and 

apoptosis-related genes in chronic liver disease and hepatocellular carcinoma. BMC 

Gastroenterol 2012; 12: 118. 

496.  Qiu DM, Wang GL, Chen L, Xu YY, He S, Cao XL, et al. The expression of beclin-1, 

an autophagic gene, in hepatocellular carcinoma associated with clinical pathological 

and prognostic significance. BMC Cancer 2014; 14: 327.  

497.  Lee YJ, Ha YJ, Kang YN, Kang KJ, Hwang JS, Chung WJ, et al. The autophagy-

related marker LC3 can predict prognosis in human hepatocellular carcinoma. PLoS 

One 2013; 8: e81540.  

498.  Shi YH, Ding ZB, Zhou J, Qiu SJ, Fan J. Prognostic significance of Beclin 1-

dependent apoptotic activity in hepatocellular carcinoma. Autophagy 2009; 5: 380-2. 

499.  Ding ZB, Shi YH, Zhou J, Qiu SJ, Xu Y, Dai Z, et al. Association of autophagy defect 

with a malignant phenotype and poor prognosis of hepatocellular carcinoma. Cancer 

Res 2008; 68: 9167-75. 

500.  Ge YY, Shi Q, Zheng ZY, Gong J, Zeng C, Yang J, Zhuang SM. MicroRNA-100 

promotes the autophagy of hepatocellular carcinoma cells by inhibiting the expression 

of mTOR and IGF-1R. Oncotarget 2014; 5: 6218-28. 

501.  Bao L, Chandra PK, Moroz K, Zhang X, Thung SN, Wu T, et al. Impaired autophagy 

response in human hepatocellular carcinoma. Exp Mol Pathol 2014; 96: 149-54.  

502.  Takamura A, Komatsu M, Hara T, Sakamoto A, Kishi C, Waguri S, et al. Autophagy-

deficient mice develop multiple liver tumors. Genes Dev 2011; 25: 795-800. 

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 148 -

503.  Chang CP, Yang MC, Liu HS, Lin YS and Lei HY. Concanavalin A induces 

autophagy in hepatoma cells and has a therapeutic effect in a murine in situ hepatoma 

model. Hepatology 2007; 45: 286-96.  

504.  Maiuri MC, Tasdemir E, Criollo A, Morselli E, Vicencio JM, Carnuccio R, et al. 

Control of autophagy by oncogenes and tumor suppressor genes. Cell Death Differ 

2009; 16: 87-93. 

505.  Degenhardt K, Mathew R, Beaudoin B, Bray K, Anderson D, Chen G, et al. 

Autophagy promotes tumor cell survival and restricts necrosis, inflammation, and 

tumorigenesis. Cancer Cell 2006; 10: 51-64. 

506. Wu WY, Kim H, Zhang CL, Meng XL, Wu ZS. Clinical significance of autophagic 

protein LC3 levels and its correlation with XIAP expression in hepatocellular 

carcinoma. Med Oncol 2014; 31: 108.  

507.  Yang JD, Seol SY, Leem SH, Yang JD, Seol SY, Leem SH, et al. Genes associated 

with recurrence of hepatocellular carcinoma: integrated analysis by gene expression 

and methylation profiling. J Korean Med Sci 2011; 26: 1428-38. 

508.  Kim JH, Kim HY, Lee YK, Yoon YS, Xu WG, Yoon JK, et al. Involvement of 

mitophagy in oncogenic K-Ras-induced transformation: overcoming a cellular energy 

deficit from glucose deficiency. Autophagy 2011; 7: 1187-98. 

509.  Wu DH, Jia CC, Chen J, Lin ZX, Ruan DY, Li X, et al. Autophagic LC3B 

overexpression correlates with malignant progression and predicts a poor prognosis in 

hepatocellular carcinoma. Tumour Biol 2014 [ahead of print] 

510.  Song H, Xia SL, Liao C, Li YL, Wang YF, Li TP, et al. Genes encoding Pir51, Beclin 

1, RbAp48 and aldolase b are up or down-regulated in human primary hepatocellular 

carcinoma. World J Gastroenterol 2004; 10: 509-13. 

511.  Karantza-Wadsworth V, Patel S, Kravchuk O, Chen G, Mathew R, Jin S, et al. 

Autophagy mitigates metabolic stress and genome damage in mammary 

tumorigenesis. Genes Dev 2007; 21: 1621-35. 

512.  Fang H, Liu A, Dahmen U, Dirsch O. Dual role of chloroquine in liver ischemia 

reperfusion injury: reduction of liver damage in early phase, but aggravation in late 

phase. Cell Death Dis 2013; 4: e694. 

513.  Song J, Qu Z, Guo X, Zhao Q, Zhao X, Gao L, et al. Hypoxia-induced autophagy 

contributes to the chemoresistance of hepatocellular carcinoma cells. Autophagy 2009; 

5:1131-44. 

514.  Mei S, Ni HM, Manley S, Bockus A, Kassel KM, Luyendyk JP, et al. Differential 

roles of unsaturated and saturated fatty acids on autophagy and apoptosis in 

hepatocytes. J Pharmacol Exp Ther 2011; 339: 487-98.  

515.  Xia Y, Liu YL, Xie Y, Zhu W, Guerra F, Shen S, et al. A combination therapy for 

KRAS-driven lung adenocarcinomas using lipophilic bisphosphonates and rapamycin. 

Sci Transl Med 2014; 6: 263ra161.  

o b e i k a n d l . c o m



ReferencesReferencesReferencesReferences    

 

 - 149 -

516.  Yorimitsu T, He C, Wang K, Klionsky DJ. TAP-42-associated protein phosphatase 

type 2a negatively regulates induction of autophagy. Autophagy 2009; 5: 616-24. 

517.  Koren I, Reem E, Kimchi A. Dap1, a novel substrate of mTOR, negatively regulates 

autophagy. Curr Biol 2010; 20: 1093-8. 

518. Mammucari C, Milan G, Romanello V, Masiero E, Rudolf R, Del Piccolo P, et al. 

FoxO3 controls autophagy in skeletal muscle in vivo. Cell Metabolism 2007; 6: 458-

71.  

519.  Ke PY, Chen SS. Autophagy in hepatitis C virus-host interactions: Potential roles and 

therapeutic targets for liver-associated diseases. World J Gastroenterol 2014; 20: 5773-

93. 

520.  Blommaart EF, Krause U, Schellens JP, Vreeling-Sindelarova H, Meijer AJ. The 

phosphatidylinositol 3-kinase inhibitors wortmannin and LY294002 inhibit autophagy 

in isolated rat hepatocytes. Eur J Biochem 1997; 243: 240-246. 

521.  Klionsky DJ, Meijer AJ, Codogno P, Neufeld TP, Scott RC. Autophagy and p70S6 

Kinase, Autophagy 2005; 1: 59e61. 

 

 

o b e i k a n d l . c o m



ARGET OF RAI'AMYCIN (TOR) AND AUTOPHAGY IN
CHITO]\IC TIEPATITIS C VIRUS INFECTIoN: ITEI.ATION To

DISEASE ACTIVITY

+ttjJYl o"J* a-l.o+"tt !L-yt s.s sih.ll els:Jytl (',1.95) ip"r.clrjl dr^

g.;,"ll .htnii tlNtt ;,r*,,,, a91$Jl

Protoco I o{- a thes is surbm itted

to ttre Faculty ol'Medicine

Universit), of A lexandria

ln partial fulf Illment of the

requr irenrents of the desree clf

Doctor in Internal Medicine

[-rv

Sarnetr El-Desouky Anw,ilr Lashen

MB[3Ch, Aler.

Master of'lnternal Mecl iciuc-. Aler.

Ass istant [-ecturer

Departrnent of [nternal Medicine

Facultl,' cll' Medicine

[J n ivers itv of A lerar-rdria

2012

Lri^ Cr-+ ai"i

+tll 4JSl

L; ri( "Yl 4,-l+

G;l; ;Gil

a-:;J *lt J-*o=ll !_r-"I

diLl.iJl eblyYl s-{ *iSl

*)^

C,*^iY JJ.i s-9J^.J1 g.nL*,.

!;,i(-,)l s4-:.1!lJ ,. ,L.11 
";"$;r|(.1

L; ri( -.,y1,LLLJI ;"1.-*Yl r+u++t^

fg l*r,^ 
"JrJl^

LttJl rblyYl -j
... ..,1,\l 4+iS

L; ri( -.,)l a:*L:

Y,\Y

c ie,

o b e i k a n d l . c o m



STJPTRVTSORS

Prof. f)r. Hoda Abdel Meguicl EI Aggan

Pnofessor of Intemal Medicine

I-lepatob iliary Lrn it

Faculty of Medicine

un iversity, of Alexandria

iJ9-rirall

Cb*Jl +*+.AJl qg 6JA /ts3SJt iti"yl

LtUl ;;t,*yt iLj-.,i

i;:l_,*ll_, +Sll .;"1)nl i:,s3

, . ,LIl 4+ls

L; ri( ,)tl L-q=
.J

\

Prol. I)r. Myriam Abou

Prolessor of Clinical and

Faculty of Medicine

t-l n iversin, of A lexandria

Seif Helmy

Chemical Patholog),

;..Js dJ*.3,,i 1y

4-nlraslI_l LS-urlSY1

a

n
t

f/1

/-,SfJl jti-,Yl

L+.riul itl"l

, , 'l Jl 4+t(

L;ri( *yt L^1=

Pr0f. Dr. Lay,l:r Kamal Yount:_ *o*;rJ
Profbssor of Pathologv

Iraculty o1'Medicine

Un ivers itv o 1' A I eranclriir

CO-S[JPERVISOR

I)r. Ilhab Mustafa Hassona

Lecturer in Internal Medicine

Hepatob ilian, [Jn it

Facu lt1, of Med ic ine

LJn iversity of Alerandria

Ii-or his experience irr urltrasrr"--=r:aphic

examinatior-r and taking Iiver biops)'.

u^,Ui Jl.-qS ,U /;S5Jl lti*yt

Jbl--*Yl & itl-,i

,-rtil LIS

L;ri(*yt L^L

dJJt,.i^.Jt ui;xi^lt

fu3r^"t uitb,a" +t,6.;l /;$SJl

iit$l 9;l7Yl ..,"J&

6JlJ,^ilJ rr(ll ,ablJ^i i:=;
,.,1 \1 tJS

L; ri( -.,yl ar-t
j, Il 1 i . qr ,.-, =i\l J a-r_r-tjJ

. ,1$l ;^ 4+]r oiy

(^ tlct .'d

//

o b e i k a n d l . c o m



AS SISTAI\T Rtr StrARCI{ER

Waleed Ebrahem Shalaby

Fifth grade student

Iraculty of Medicine

IJr-rivers ity of Alexandria

Mobile: 01 I 141875784

Email: D Lidoo la@yahoo.corn

rgL-"oJl errul

,*='Ij,.$l:J $_r

L,.^Bll 43Jill+ +ll=

,.,L\l LIs

L;r1( .,Yl ar-t

r1 @
C] U

o b e i k a n d l . c o m



INTRODUCTION

Hepatitis c virurs (r-rcv). a member of the Flaviviridae famil1,,. of
the genus Hepacivir"lrs. is a hepatotropic. single strancled, positive-sense
RNA Virus.(r)persistent inf'ection r,vith HCV is a major cause of chronic
liver disease r'r'orldrvicle leacling to chronic hepatitis and Io'g-term
progression to cirrhosis ancl hepatocellular carcinoma.('"t) Although both
host and virus f'actors are considered to affect the outcome of HCV
inf-ection. yet, the potential mechanism(s) underlying viral persistence a,d
disease chronicitl' are not fuily understood.(a) chronic rrepatitis c is

clraracterized b1'hepatocy'te necrosis. chronic inflammation, steatosis anc.t

progressive liver fibrosis ol variable degrees, which eventually result in
irre'ersible cirrhosis.(-t) Se'eral HCV proteins ha'e been sho*,n to
dt'sregurlate seVeral hepatclcr'te signaline pathuars ancl to irrterl'ere ri,ith
dill-erent cellurlar processe-s.(5'(" Interrsive research to rrnra'er the
rrrultil'urnctional molecular pathu,a1,(s) implicatecr in the progression of
chronic I-lCV inlbction. could iclentifi, novel theraper"rtic targets to tackle
this clevastating disease.(7)

l'he target oi' rapanrvcin (ToR) is an ev,orutionarih conser'ec]
serine/threonine protein kinase encocred b1, FI(506 bincri,g protein 12-
rapamvcir-r associated protei' I (FRApl) gene.(8) Ilecently. the mammalian
TOR (mTOR) has been shou'n to function as a central regulator of a rvide
arraY of' cellular processes such as protein translation. cell metabolism"
gro*'th- dilf.rentiation. surl'i'ar and ceil *,cre progressio. bv sensing
nr'ttritional status and allowing progression fl-orr cl to S phase in the cell
c-r''cle.(") Activation of mTOR is regulatecl bt, the kinase casctrde consisting
of phospharidyl inositide 3 kinase (pr3K/AKT.(r0)The phosphoryration of
mToR promotes downstream targets such as the ribosomar p70-S6 kinase

rd0brn,5, e ,,'ry
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(p70S6K) and eukaryotic initiation factor 4E bincling protein I (48_Bpl).
$'hich prornote protein translatiorl.( I l'll) Inhibitors of ,rToR such as

rapaml'cin, potently inhibit the downstream signaling of mToR.(,r, In
adc'lition. mToR is a ke1, player in the immune response promoting f-cell
difhrentiation and ciendritic cell development ancl fhnction.(ra)AIso. the
AktinrToR/p70S6K stintulates type I procollagen expression in frbroblasts

and enhances hepatic stellate cell prolifbration.('') Several viruses have

been discot'ered to manipulate the mTOR path\.vay for viral replication ancl

sun'ival.(16-18) of specific importance, is the nonstructural NS5A protein of
FICv. rvhich can activate mToR 

'ia clisruption ol the mTOR-FI(Bp3g
complex and inreraction rvith pg5 subunit of pl3l( leading ro its

activation.(le)

ln recent )'ears. increasing evidence clemonstrates that rnTOR tightll,
requlates the irrtracellurlar process ol' autophagv in response to cellular
phlsiological conditions ancl environmerltal stress.(l'),Autgphag,r,or.sell,-

etlting' inYolVes the sequestration of cellirlar constitucnts u.ithin dourble-

ttrembrane Vesicles (autophagosornes) ancl cleliveripg them to the
lYsosonres lor degradation and reo'cling (ar-rtolvsosomes).(r, T.his alloq,s

the cell to recvcle nutrients ancl renrove unlvanted cl,tosolic components.

such as clamaged organelles ancl protein aggregates fiom the cytoplasm.(22)

ALrtophagv can be induced bv a varietl,of stimuli (eg, nutrient deprivation,

fivporia, cytoki,es, hormones. r,iruses and DNA clamage).(2-,) Bel,ond

maintaining homeostasis. autophagl, is involvecJ in multiple biological
processes and abc'rrant regulation of autophagv incluces nlany cliseases

inc l Lrcl ins in llanrnratorl cl isorclers'2t' arncl v iral in fbctions.( t-s,

At present. there are more than 30 autophagv-related genes that have

been found to be involved in the different stages of autophagy.(2') The
protein products of these genes (ATG or autophagy-related proteins)

,.'a,
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organize into fLnctional complexes tliat mediate the fbllorving steps in the
autophagic process: rrucleation of the Iimiting membrane. elongatiol of the
membrane, sealing to form a vesicle ancl fusion of the double membrane

Vesicle r'r'ith lvsosomes.('o)Among the ATG proteins, A'fG5 is essential in
proceeding of autophag),.(") conjugation of ATG5 with ATGI2 and

tirrmation o1'a cornplex u,ith ATGl6. is requrired fbr erongation of the
isolation menrbrane to fbrm a complete spherical autophagosome.(2s)

Apoptotic stimuli cleave ATG5, which is subsequently translocated to
mitochondria and triggers caspase activation.(2e) rnToR, a l'ell_
characterized negative regulator of autophagy, prevents the recruitment and

interactio' of specific ATGs of the nucreation complex to the site of
autophagoson're fbrmation.('o'Also. mToR inhibits p73. a member olp53
lanrill'. uhich regulates the expression ol' several ATG genes inclLrcling

A]'G5 i, response to dillbrent cellular stresses.(-r, It is likell, that
clrsregLrlation o1'thc' nr'l-oR-aLrtophagl pathlrai, nrav contributc to nran\

Iturnltn clisorders and coulcl be an atlractive a\enue lor lirturre therapeutic

approaches.('r2'
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AIM OF THE WORK

The aim of the present r.r.ork is to study. tlie role o1. mToR ancl

autophagy in tlie progression of chronic HCV inf-ection.
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MATERIAL

S u bjects:

The present studv ivill include 30 treatment-naive patients with
chronic HCV infbction *,rro *,iil be referred to the Hepatobiriary unit.
Department of Internal Mecricine. Faculty, of Medicine. Universitv of
Alexandria. The diagnosis of chronic HCV inf-ection rvill be based on the
follor,ving crireria: (l) positive rest for HCV antibody; (2) detectable serum

HCv RNA: and (3) hisroparhological findings in li'er biopsy. The severity
ot' clironic HCv infbctio, r.r'ill be scored accorcling to the METAVIR
histological acrivitl' grade (A0-A3) ancr frbrosis srage (F0-F4;.r::r

Also. l5 age- and sex-matched healthv sr-rb.iects rvith no eviclence of
liVer clisease u'ill be included as control group to obtain the normal yalues

o l' biochemical assa1,s.

Exclusion criteria:

Patic'nrs u'ith cHC u iil be excrudecr 1iom the str,rdv if the1, have
seropositivitr' lbr hepatitis B virLrs (HBV) infection: hist.r1, of alcohol
consttnlption: other l<nott'n citLlsL's of chronic liyer clisease: concomitant
schistosot]]iasis: hepatic clecompensation: bleecling cliatliesis; chronic
diseases sttch as diabetes mellitus, connective tissue diseases or other
autoimmune diseases: other infbctions: an), kind of malignancy: and

cardiac. respiratcln' or renal clisease. Also. patients u,ho have received
previoits antiviral or immunomodulatorl'therapy u,ill not be inclucled in the

stuch'.

l'he sturdi lVill be conclurcted in accordance,ur,itli the provisions of the
Declaration of' tlelsinki and Good crinicar practice guiderines. An
infbrmed consent will be obtained from all subiects included in the studv.

c

\

Cr TJ

o b e i k a n d l . c o m



MTTHODS

AII patie,rs i,clurdecl i, the stucl'

l " clinical rvaruation locusi,g on:

u,'ill be evaluatecl as regards:

The apparent cjuration ancl possible risk factors ol. f-lcv infection.
sy'mptoms ancl signs of chronic ri'er disease (Right h'pochoncrriar pain.
-iaundice, ascites" hepatic encepharopathy, previous gastrointestinar
bleeding, bleecring diatrresis) and river and spreen sizes.

2. Laboratory Investigations including:

a. Complete bloocl picture.Gal

b' Live, Tesl Profile: Serunr aspartate ancl

(ASl- arcl ALT). serLrnr arbLrrin., serLrm

gl uttrrrr-1'l tra,spep t icrase' i't, a,d prclthr-ornbin act i vit\ . 
( .,"l )

c. Viral Testittg itrt,luding:

i. HCV a,tibodies. hepatitis B surrace antigen ancr rrepatitis B core
ant i lrocll us ing e'rz1,n-re- r i, kecr inrm urnosorbant assa' i E LI SA.;., r,,i

ii' HCv RNA le'ers in seru,r ,sing rear time porl,r,erase chain
reacti0n assA\.,1')

3. Measurement of senrrn

ELISA I<it.(3tr1

alan i ne am incltransfbrases

triIirubin. ser-Lrnr gammil

let'els ol' ntToR r-rsing comrrercial l\,-a'ai lable

4, Ultrasonographic

size and presence of

5. Flistopathological

examination for assesstrlent of liver echopattern and
cirrhosis. ascites ancl splenomegall,trol

Iivaluation:

core liver biopsies u ill be obtainecl fionr all patients rvith chronic
Hcv infbction' Tissue specimens rvill be fixed in rl%solution of formatin,
enibedded in paraflin and subsequently stained with:

e t,tv
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I-{ematorylirr-eosin and trichr,me stains fbr

Itctit'itt gracle ancl llbrclsis stage accrorcJing

s)'stenr tllt erncJ the gracJe of'steatosir.(-l(tt

Inrmunohistochernical staining using anti-huntan

nrToR (1r) 
anci ATG5 (a marker of autophag),).,*r,

t0

assessment o1' h istological

to the MfTAVIR scorins

antiboclies irgainst
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Ethics of Research

Research on human or human products:

Prospective study :informed consent rvill be taken from patient. In case of
incompetent patient, the informed consent n,ill be tal<en from the guarclians.

Retrospective study: confidentiality of record will be considcred.

DNA/genomic material: informed consent for DNA/genomic test and for
research lvill be tal<en from patients. No further tests will be carried out
except rvith further approval of cornmittee ancl patients. If the samples
lvill travcl outside Egypt, the rcscarcher rvill be responsible tbr
transportation and sccurity a pproval.

All clrugs use(l in the rcsearch is :rpprovecl by the Egyptian ministry of
health.

Research on anirnal:

The animal species is appropriate to the test.

After test, if the animal will suffer, it will be euthanized and properly
disposed.

Atter operation, it w'ill have a proper postoperative care.
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RESULTS

T'he results of this studl' r,r,'ill be tabulatecl and analy.zed rvith the use

olappropriate statistical methods ancl appropriate figures and cliagrams.
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DISCUSSION

The results ['ill be cliscurssecl in r.'ieil,of achievement of the aim. their
significance and their comparison r,vith previo,s rerated researcrres.
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  الملخص العربى

الراپاميسين (تور) وا�لتقام الذاتى في ا�صابة المزمنة بفيروس ا�لتھاب الكبدي  ھدف
 سي: الع1قة بنشاط المرض

 مقدمة البحث:

تعد ا'صابة بفيروس ا!لتھاب الكبدي سي من أھم ا�سباب المؤدية إلي أمراض الكبد المزمنة وعادة ما 
سرطان الكبدى الخلوى. الا!لتھاب الكبدي المزمن الذى يتطور الي التليف الكبدى انتھاءا بفي مرحلة تكتشف ا!صابة 

يعتمد على العوامل المتعلقة بالفيروس والخ<يا  من أن تحديد مصير ا�صابة بفيروس ا!لتھاب الكبدى سي وبالرغم
 لم يتم بعد تحديدھا الفيروس وتقدم مراحل ا�صابةالتى تسھم فى استمرار المسارات البيولوجية  ان الكبدية والمناعية ا!

  .بوضوح

ويمثل نقطة ت<قي ودمج بين  سيرين/ثريونين بروتين كينازالراپاميسين "تور" ينتمي الي مجموعة    ھدف
عمليات الحيوية عديد من الالعديد من ا!شارات من داخل وخارج الخلية ، ويعمل ايضا كمنظم مركزي ومحوري لل

للبروتينات والجلوكوز والدھون وكذلك يلعب  التمثيل الغذائيو و وبقاء الخلية وتقدم دورة الخليةنمو تكاثر ثلية موخلال
 الذاتي امقا!لت عملية يثبط "تور"فأن  ذلك إلى وبا'ضافة .والتكيفية الفطرية المناعية ا!ستجاباتدورا مھما فى  "تور"

  .البيئي وا'جھاد الخلوية الفسيولوجية الظروف فى الخ<يا داخل

 الخلوية المكونات وعزل الغشاء مزدوجة حويص<ت تشكيل خ<لھا خلوية يتم من عملية ھو الذاتي ا!لتقام

والتخلص من  للخلية البيولوجية المواد لتوفير رالبروتيناتياعادة تدو الحالة مما يساعد على الجسيمات إلى وتسليمھا
الجودة  مراقبة في ھاما دورا يلعب الذاتي ا!لتقام الخلوي، كما أن التوازن على للحفاظ وذلك التالفة الخلويةالمكونات 

   فى الخلية وحماية الخلية من المؤثرات الخارجية والميكروبات. وإنتاج الطاقة

 صاباتا�مثل  �مراضا من العديد يؤدى الى أن يمكن الذاتي ا!لتقامو "تور" مساروقد وجد أن الخلل فى 

  .بةوالسرطان ا!لتھابية مراضا�و الفيروسية

  الھدف من البحث:

 فيروسلا!صابة المزمنة مرض الكبد المرتبط ب تقدم"تور" وا'لتقام الذاتى في الھدف من ھذا البحث ھو دراسة دور 

  .سرطان الكبدى الخلوىالتكون و الكبدى سىا!لتھاب 

  حا7ت البحث:

 سبقالذين  لم ي الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة بالمصابين مريضا من  ٥٤اشتملت الدراسة علي 

 مريضا ١٤والتليف الكبدى ب مصابامريضا  ١٣و المزمن الكبدي با!لتھابمصابا  مريضا ٢٧ منھم ع�جھم بعد

على المزمن الفيروسى سى  ا!لتھاب الكبدى استند تشخيصوقد  استئصاله جراحيا. الذى تم سرطان الكبدى الخلوىالب
 تغييرات بأنسجة الكبد نتيجة ا!صابة المزمنة بالفيروس.الالحمض النووى للفيروس في الدم وومضادة الجسام ا�وجود 

واستخدام الفحص بالموجات  علي مستوى ا�لفا فيتوبروتين في مصل الدم سرطان الكبدى الخلوىالتشخيص اعتمد كما 
بالفحص كذلك عند اللزوم باستخدام أشعة الرنين المغناطيسى ووالمراحل ا�شعة المقطعية ث<ثية فوق الصوتية و
  من ا�شخاص ا�صحاء كعينة ضابطة. ١٥. كما تم  إختيار المستأصل جراحيا لعينة من الورم الھيستوباثولوچى

أوتنpاول الكحوليpات   بفيpروس ا!لتھpاب الكبpدى بpىالمرضى الذين يعpانون مpن ا!صpابة استثنى من البحث وقد 
أو  أوأورام سpرطانية اخpري أو التھابات حادةلديھم قصورشديد بوظائف الكبد  سباب أخرى �مراض الكبد المزمنة أوأوأ

اسpتثنى  كمpا مثل مرض السكري أو امpراض النسpيج الضpام. أمراض قلبية أو صدرية أو كلوية أو أمراض مزمنة أخري
ھاب الكبدى القيروسي سى المزمن او من سبق لھpم عp<ج السpرطان الكبpدى الخلpوى المرضى الذين سبق لھم ع<ج ا'لت

  اما موضعيا او باستخدام الع<ج الدوائي.

o b e i k a n d l . c o m



  الملخص العربى

- 2 - 

 

  خطة البحث و طرق الفحص:

  اشتملت خطة البحث و طرق الفحص علي تقييم جميع المرضى كا!تى:

المحتملة  وا�سباب بفيروس ا!لتھاب الكبدى سىا�صابة الظاھرية  مدة مع التركيزعلي الفحص ا'كلينيكى الشامل -
 وجود ورم محسوس بالكبد.و وحجم الكبد والطحالا�عراض والمظاھر ا!كلينيكية لمرض الكبد المزمن ولtصابة 

الفحص باستخدام الموجات فوق الصوتية وا�شعة المقطعية ث<ثية المراحل لتشخيص التليف الكبدي واستسقاء البطن  -
 داخل الكبد.الورم مكان وانتشارو عددا�قصى والورم ال و لتحديد مواصفات ورم الكبد من حيث قطر وتضخم الطح

 الفحوصات المعملية و قد اشتملت علي: -

 ة.الدم الكامل صورة •

 قياس مستوى الكرياتنين في مصل الدم. •

 ا�َ!نينناقل أمين  انزيما!سبارتات و أمَين ناقل انزيم( انزيمات الكبد قياس مستوى[إختبارات وظائف الكبد  •

  .]البروثرومبين ونشاط في مصل الدمصفراء الوا!لبومين و )جلوُتاميل انزيم ناقل جاماو

بى  اختبارات وجود ا�جسام المضادة لڤيروس ا'لتھاب الكبدى سى وا�نتيجين السطحى لڤيروس ا'لتھاب الكبدى •
مستوي الحمض النووي لفيروس ا!لتھاب الكبدي و (ايليزا)ا!نزيم المرتبط با!متصاص المناعى  باستخدام طريقة

 سي فى مصل الدم بإستخدام التفاعل التسلسلى بأنزيم البوليميريز.

 قياس مستوى ا�لفا فيتوبروتين في مصل الدم. •

باستخدام طريقة ا�شخاص ا�صحاء وفي مصل الدم للمرضي  الراپاميسين "تور"   ھدفقياس مستوي بروتين  •
  ايليزا.

 بيو" وتقسيم نموذج المرحلة النھائية لمرض الكبد "ميلد". -تحديد درجة إصابة الكبد بإستخدام تقسيم " تشايلد -

 تحديد مرحلة الورم بإستخدام تقسيم عيادة برشلونة لسرطان الكبد وتقسيم البرنامج ا!يطالى لسرطان الكبد "كليب". -

 الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة با ضيرم ٣٠من  الكبد ةنسجأ الفحص الھيستوباثولوچى لعينات -

 استخدام الصبغات التالية:بالسرطان الكبدى الخلوى وأنسجة الكبد المحيطة به  عيناتلوكذلك 

 ير"ڤبإستخدام تقسيم "ميتاصبغة ھيماتوكسلين وٳيوسين لتحديد درجة النشاط الھيستولوجى ومرحلة التليف الكبدى  •

وأنسجة الكبد  الكبدى سىا!لتھاب  ا!صابة المزمنة لفيروسمرضي من الكبد  ةنسجأ ىفودرجة التدھن الكبدى 
 .الھيستولوجية بإستخدام تقسيم إدمونسن وإشتينردرجة الورم كذلك لتحديد بالورم و المحيطة

ا!لتقام ونحو البروتين المرتبط ب "تور"نحو  بٳستخدام ا�جسام المضادة الكيميائية الھيستولوچيةالصبغة المناعية  •
= عدم وجود  كا�نى: "صفر" المناعية الصبغةتقسيم درجة  قد تمو .ل<لتقام الذاتي د!لةك  "٥ - ىج ىت آ"  ٥ الذاتي

 موجبة٪ من الخ<يا ٥٠- ١٠ من ="  ٢"، صبغةلل موجبة٪ من الخ<يا ١٠= اقل من "  ١"صبغة بالخ<يا، 

  .صبغةلل موجبة٪ من الخ<يا ٥٠= أكثر من "  ٣"، صبغةلل

  نتائج البحث:  

 أظھر التحليل ا'حصائى للبيانات التى تم الحصول عليھا من الدراسة الحالية النتائج التالية:

فpى  شpھراً)  ٢٫٢٧ ±  ٦ شpھرا (متوسpط ١١ -٣بpين  سpي ىلتھاب الكبدا!تراوحت المدة الظاھرية ل�صابة بفيروس  ����
بpين والكبpدي  التليpفمرضى فى  )عاماً  ٢٫٦٣±  ١١٫٠٨ (متوسط عاما ١٥-٧بين و ى المزمنالكبدلتھاب ا!مرضى 

 .السرطان الكبدى الخلوى مرضىفى  عاماً) ٣٫٣٢  ± ٩٫٥٨ عاماً (متوسط ١٤ -٣
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x ٦٥٠٠–١٩تpراوح مسppتوي الحمppض النppووي لفيppروس ا!لتھppاب الكبppدي سpي فppى مصppل الppدم بppين  ����
حppدة دوليppة⁄ و٣١٠

١٥٠٤٫٤٤x ± ٩٢٣٫٢٧(متوسط ملليليتر 
  وبpين المpزمن الكبpدى ي ا!لتھpاب حpدة دوليpة⁄ ملليليتpر ) فpي مرضpو ٣١٠

٦٢٣١ -٥٢٫٦ x
x ٢٢٠٨٫٢١ ± ١٥٤٣٫٥٣حppدة دوليppة⁄ ملليليتppر (متوسppط  و ٣١٠

حppدة دوليppة⁄ ملليليتppر ) فppي و٣١٠
x ٢٣٠٠ – ١١٠مرضpي التليpف الكبpدي ، و بpين 

x ٦٢٦٫٤٢±  ٦٧٥حpدة دوليpة⁄ ملليليتpر (متوسpط و٣١٠
حpدة و٣١٠

 .السرطان الكبدى الخلوى مرضىفى  دولية⁄ ملليليتر )

 اظھر تقييم درجة أصابة الكبد فى المرضى النتائج ا!تية: ����

مppppن  ٣٪ ) كppppانوا مppppن الفصppppيلة ( أ ) و٧٦٫٩مppppن المرضppppى ( ١٠بالنسppppبة لمرضppppي التليppppف الكبppppدي وجppppد أن  -
(متوسppط  ٩ – ٦وتppراوح معامppل "ميلppد" بppين  .بيppو" -) مppن الفصppيلة ( ب ) حسppب تقسppيم "تشppايلد٪٢٣٫١المرضppي(

٠٫٨٧±  ٧٫٦٢.( 

مpن  ٢) كpانوا مpن الفصpيلة ( أ ) و ٪٨٥٫٧مpن المرضpى ( ١٢وجpد أن  السpرطان الكبpدى الخلpوىبالنسبة لمرضpي  -
 ).١٫٤٦±  ٨٫١٤(متوسط  ١٠ – ٦٪) من الفصيلة ( ب ) وتراوح معامل "ميلد" بين ١٤٫٣( المرضي

فppى مرضppى السppرطان الكبppدى لموجppات فppوق الصppوتية وا�شppعة المقطعيppة ث<ثيppة المراحppل باسppتخدام اأظھppرالفحص  ����
سpم). ووجpدت بpؤرة واحpدة  ٢٫٩٣±  ٦٫١٩(متوسpط  سpم ١١‚٦ - ٢‚٧القطر ا�قصى للpورم تpراوح بpين الخلوى أن 

 ٩٪) و الفpص ا!يسpر فpي ٣٥٫٧مرضpي (مpن ال ٥الفص ا!يمن من الكبpد فpي فى الورم  كانللورم في كل المرضي و
تpراوح وقpد  .مpن حجpم الكبpد ٪٥٠اقpل مpن  لمرضpى) وكان امتpداد الpورم داخpل الكبpد فpي كpل ا٪٦٤٫٣مرضي (من ال

 .نانوجرام⁄ ملليليتر ٢٠٩٧٣ – ١١بين السرطان الكبدى الخلوى مرضي  فىمستوى ا�لفا فيتوبروتين في مصل الدم 

  "٢لسرطان الكبد لتحديد مرحلة السرطان الكبدى الخلوى وجد أن الورم فى المرحلpة "أ بإستخدام تقسيم عيادة برشلونة �

مppن  ٥وفppى المرحلppة "ب"  فppى  ٪)١٤٫٣(مppن المرضppى  ٢"  فppى ٣٪ ) وفppى المرحلppة "أ٥٠مppن المرضppى (  ٧فppى 
مpن المرضpى  ٥. أما باستخدام تقسيم "كليب" فقد وجد أن الورم كان فى مرحلة كليب "صفر" فى ٪)٣٥٫٧(المرضى 

مpppن المرضpppى  ٢" فpppى ٢٪ ) وفpppى مرحلpppة كليpppب "٥٠مpppن المرضpppى (  ٧" فpppى ١وفpppى مرحلpppة كليpppب " ٪)٣٥٫٧(
)١٤٫٣(٪. 

الكبدي المزمن مرضي ا!لتھاب  الدم فىمتوسط مستوي "تور" في مصل  فىزيادة ذات د!لة احصائية  توجد �
 ٠٫٧٩ ± ٣٫٤٩نانوجرام⁄ ملليليتر ،  ١٫٢ ± ٢٫٢٢(السرطان الكبدى الخلوى ومرضي  ومرضي التليف الكبدي

ا�شخاص ا�صحاء مقارنة بمستواه لدي على التوالى) نانوجرام⁄ ملليليتر  ١٫٦٣±  ٦٫١٩ نانوجرام⁄ ملليليتر ،
"تور" في مصل مستوي  متوسط فىوجدت زيادة ذات د!لة احصائية  وكذلك .نانوجرام⁄ ملليليتر) ٠٫٣ ± ١٫١٣(

 فىومرضي التليف الكبدي مقارنة بمرضي ا!لتھاب الكبدي المزمن والسرطان الكبدى الخلوى مرضي  فىالدم 

 مقارنة بمرضي التليف الكبدي.السرطان الكبدى الخلوى مرضي 

لتمييز فى ا الدممصل "تور" في  مستويخصوصية حساسية و (روك) وجد أن ىقلمتالتشغيل  برسم منحني خصائص �
٪ علي  ١٠٠و ٪  ٩٢٫٢ ماھالورم  ليس لديھم والذين السرطان الكبدى الخلوىلديھم  الذينمرضي التليف الكبدي بين 

 نانوجرام⁄ ملليليتر. ٤٫٥٥  الحد الفاصلمستوي  التوالي عند

 ا�تية: أظھر الفحص الھيستوباثولوچى �نسجة الكبد النتائج �

درجة النشاط  أن وجد الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة طبقا لتقسيم "ميتافير" في مرضي  -
) ٪٤٣٫٣( مريضا ١٣" في ٢الدرجة "أمن ) و٪٣٣٫٣المرضي ( من ١٠" في ١من الدرجة "أكانت الھستولوجي 

من  ٧" في١أفمرحلة "ال كان فى التليف الكبديووجد أن ٪) ٢٣٫٣من المرضي ( ٧" في٣الدرجة "أ منو
٪) و ١٦٫٧من المرضي ( ٥في  "٣٪) و المرحلة "أف٥٠مريضاً (١٥" في  ٢٪) والمرحلة "أف٢٣٫٣المرضي (

 من ١٠بدرجة بسيطة في  فى ھؤ!ء المرضى وجد التدھن الكبديو ٪).١٠من المرضي ( ٣" في ٤المرحلة "أف

 ٪)٢٣٫٣من المرضي ( ٧٪) وبدرجة شديدة في ٢٦٫٧(من المرضي  ٨) و بدرجة متوسطة في ٪٣٣٫٣مرضي (ال

 ٪).١٦٫٧من المرضى ( ٥وكان غير موجودا فى 
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) ٪٥٠من المرضى ( ٧جة الثانية فى من الدر الخلوي ىسرطان الكبدالفي مرضي كانت درجة الورم الھستولوجية  -

لتقسيم طبقا  ٪)٣٥٫٧(من المرضى  ٥ومن الدرجة الرابعة فى  ٪)١٤٫٣(من المرضى  ٢ومن الدرجة الثالثة فى 
 .إدمونسن وإشتينر

 من المرضى ٤" في ٢درجة النشاط الھستولوجي كان من الدرجة "أن بالورم أأنسجة الكبد المحيطة وجد في  -

" في جميع ٤ف"أدرجة التليف كانت في المرحلة و ٪)٧١٫٤من المرضي ( ١٠" في ٣والدرجة "أ ٪)٢٨٫٦(
مريضا  ١١درجة متوسطة في و ٪)١٤٫٣(من المرضي ٢درجة التدھن بسيطة في كانت  ٪) بينما١٠٠المرضي (

 ).٪٧٫١٪) وبدرجة شديدة في مريض واحد (٧٨٫٦(

 �نسجة الكبد النتائج ا�تية:استخدام الصبغة المناعية الھستولوجية الكيميائية الفحص بأظھر �

ا!صابة المزمنة ٪) من مرضي ٦٠مريضا ( ١٨ا في بموج الكبد خ<يا ةفي سيتوب<زم أو نوا "تور"إظھار كان   -
في  ة) و متوسط٪١٣٫٣من المرضي ( ٤في  ةضعيفالمناعية  ت درجة الصبغةوكان الكبدى سىا!لتھاب  فيروسب

  .٪)٢٦٫٧(من المرضي  ٨في  شديدة٪) و٢٠من المرضي ( ٦

 ٪)٨٥٫٧مريضا ( ١٢ا في بكان موج ى الخلوىسرطان الكبدالخ<يا  ةفي سيتوب<زم او نوا "تور"وجد ان إظھار  -

في شديدة و ٪)١٫٧(في مريضا واحدا  ةومتوسط ٪)١٫٧(في مريضا واحدا  ةضعيفالمناعية  ت درجة الصبغةوكان
 ١٢ا في بكان موج ر"تو"وجد ان إظھار بالورم فقد أنسجة الكبد المحيطة  أما فى ٪).٧١٫٤(من المرضي  ١٠

من  ٦في  ة٪) و متوسط٢١٫٤من المرضي ( ٣في  ةضعيف المناعية ت درجة الصبغةانوك ٪)٨٥٫٧مريضا (
 .٪)٢١٫٤من المرضي ( ٣في  شديدةو ٪)٤٢٫٩المرضي (

أنسجة الكبد ب بالمقارنةالخلوي  ىسرطان الكبدال أنسجة "تور" في وجدت زيادة ذات د!لة احصائية في إظھار -
بينما لم يوجد فارق ذو  الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة مرضي  الكيد من أنسجةوبالورم المحيطة 

 د!لة احصائية بين المجموعتين ا!خيرتين.

ا!صابة المزمنة من مرضي  )٪٩٣٫٣مريضا ( ٢٨في  ابموج الكبد خ<يافي سيتوب<زم  "٥ -ىج ىت آ"إظھار كان -
 ١٠في ة متوسطو )٪٣٫٣(في مريضا واحدا  ةضعيفالمناعية  ت درجة الصبغةوكان الكبدى سىا!لتھاب  فيروسب

 ).٪٥٦٫٧من المرضي ( ١٧في  شديدةو )٪٣٣٫٣(من المرضي 

ت درجة وكان ى الخلوىسرطان الكبدالالورم فى كل مرضى خ<يا  ا فيبكان موج "٥ -ىج ىت آ" وجد ان إظھار  -
من  ٤في شديدة و ٪)٣٥٫٧( من المرضي ٥في  ةومتوسط ٪)٣٥٫٧( من المرضي ٥في  ةضعيفالمناعية  الصبغة

كل ا في بكان موج "٥ -ىج ىت آ "وجد ان إظھار بالورم فقد أنسجة الكبد المحيطة  أما فى .٪)٢٨٫٦( المرضي
من المرضي  ٨في  شديدةو ٪)٤٢٫٩من المرضي ( ٦في  ةمتوسط المناعية ت درجة الصبغةوكان المرضى

)٥٧٫١٪(. 

أنسجة ب بالمقارنةالخلوي  ىسرطان الكبدال أنسجة في "٥ -ىج ىت آ" اظھارذو د!لة احصائية في  نقص ھناك انك  -
بينما لم يوجد فارق  الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة مرضي  الكيد من أنسجةوبالورم الكبد المحيطة 

 ذو د!لة احصائية بين المجموعتين ا!خيرتين.

 مريضا ١١) فى نفس الخلية فى ٣أو  ٢كان عاليا (من الدرجة  "٥ - ىج ىت آ" و"تور"  ك< من إظھارلوحظ أن  -

 من مرضي) ٪٤٢٫٩( مريضا ٦وفى  الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة من مرضي ) ٪٣٦٫٧(

 .الخلوي ىسرطان الكبدال

مع  الكبد أنسجةفى   "٥ -ىج ىت آ" و "تور"  إظھارالدم و"تور" في مصل  ىمستو الع<قات ا!حصائية بين تأظھر �
 النتائج ا�تية: الكبدى سىا!لتھاب  فيروسبا!صابة المزمنة مرضي فى  العوامل ا�خرى

أنسجة فى   "٥ -ىج ىت آ "و"تور"  إظھارو الدم "تور" في مصل ىلم توجد ع<قة ذات د!لة احصائية بين مستو -
الحمض النووي لفيروس ا!لتھاب  ىمستوو جلوُتاميل انزيم ناقل جاما ىومستومن ناحية وعمر المريض ،  الكبد

 الكبدي سي فى مصل الدم من ناحية أخري.

o b e i k a n d l . c o m



  الملخص العربى

- 5 - 

 

 أنسجة الكبدفى "تور"  إظھارو الدم "تور" في مصل ىع<قة طردية ذات د!لة احصائية بين من مستو كانت ھناك -

النشاط ودرجة  الدمفي مصل  ا�َ!نينناقل أمين  انزيما!سبارتات وأمَين  ناقل انزيم ىمن ناحية ومستو
 من ناحية أخري.  الكبدى ودرجة التدھنالكبدى  الھستولوجي ودرجة التليف

 انزيمى مستوومن ناحية  أنسجة الكبدفى   "٥ -ىج ىت آ" إظھار  ع<قة عكسية ذات د!لة احصائية بين توجد -

 الكبدى ودرجة التليفودرجة النشاط الھستولوجي  الدمفي مصل  ا�َ!نينناقل أمين  انزيما!سبارتات وأمَين  ناقل

درجة و أنسجة الكبدفى   "٥ -ىج ىت آ" إظھار  من ناحية أخري، بينما لم توجد ع<قة ذات د!لة احصائية بين
 . الكبدى التدھن

 أنسجة الكبدفى "تور"  إظھارو الدم "تور" في مصل ىع<قة طردية ذات د!لة احصائية بين مستو كانت ھناك -

 .أنسجة الكبدفى   "٥ -ىج ىت آ" ع<قة عكسية ذات د!لة احصائية لكليھما مع إظھار وجدتو

الورم  أنسجةفى   "٥ -ىج ىت آ" و "تور"  إظھارالدم ومستوي "تور" في مصل  الع<قات ا!حصائية بين تأظھر �
 النتائج ا�تية:الخلوي  ىسرطان الكبدالمرضي فى  مع العوامل ا�خرى

أنسجة فى  "٥ -ىج ىت آ" و "تور"  إظھارالدم وفي مصل "تور" لم توجد ع<قة ذات د!لة احصائية بين مستوي  -
 ةالمحيط أنسجة الكبدفى   "٥ -ىج ىت آ" و"تور"  بيو" وتقسيم "ميلد"، و إظھار -تقسيم " تشايلدو من ناحية ورمال
 لورم من ناحية اخري.با

 ورمأنسجة الفى "تور"  إظھارالدم وفي مصل ع<قة طردية ذات د!لة احصائية بين مستوي "تور"  كانت ھناك -

تقسيم "كليب" ودرجة مرحلة الورم بو ا�لفا فيتوبروتين في مصل الدم والقطر ا�قصي للورممن ناحية ومستوي 
 من ناحية أخري. الورم الھستولوجية

ا�لفا ومستوي من ناحية  ورمأنسجة الفى   "٥ -ىج ىت آ" إظھار  ع<قة عكسية ذات د!لة احصائية بين توجد -
تقسيم عيادة برشلونة لسرطان و تقسيم "كليب"مرحلة الورم بو فيتوبروتين في مصل الدم والقطر ا�قصي للورم

  من ناحية أخري ودرجة الورم الھستولوجية الكبد

ورم. أنسجة الفى "تور"  إظھارالدم وفي مصل ع<قة طردية ذات د!لة احصائية بين مستوي "تور"  توجد -
 .ورمأنسجة الفى  "٥ -ىج ىت آ" ع<قة عكسية ذات د!لة احصائية لكليھما مع إظھار وجدتو

الى تنشيط "تور"  تؤدى من ھذه الدراسة يمكن استخ<ص أن ا!صابة المزمنة بفيروس ا!لتھاب الكبدى سى
يؤدى الى تثبيط عملية ا!لتقام الذاتي وھذا يساعد على بقاء الفيروس وتقدم المرض مع حدوث ا!لتھاب المزمن  مما قد

لذا فأن ھناك حاجة !جراء المزيد من ا!بحاث لدراسة  السرطان الكبدى الخلوى. والتدھن والتليف الكبدى وبالتالى نمو 
المنشطة ل<لتقام الذاتي فى ا!صابة المزمنة بفيروس  العوامل ا�خرىبط لعملية ا!لتقام الذاتي والتوازن بين "تور" كمث

فيروس ا!لتھاب با�ستجابة لtدوية المضادة ل ؤفى التنب ا!لتقام الذاتيو"تور" دور  ا!لتھاب الكبدى سى وكذلك دراسة
!جراء .كما أن ھناك حاجة ماسة  ا!لتقام الذاتيو"تور"  العقاقير فى تعديل الخلل فى نشاط وأثرھذه الكبدى سى

ا!صابة المزمنة لمرضى  كع<جا!لتقام الذاتي  منشطات مع/أو "تور"فاعلية استخدام مضادات  الدراسات لتحديد مدى
الكبدى السرطان وكذلك  ا!لتھاب المزمن والتدھن والتليف الكبدىومدى تأثيرھما على  بفيروس ا!لتھاب الكبدى سى

  .الخلوى
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  السادة المشرفون

  العجانا�ستاذ الدكتور/ ھدى عبد المجيد 

  مراض الباطنةا�أستاذ 

  وحدة أمراض الكبد و المرارة

  كلية الطب

  جامعة ا�سكندرية

 

              ......................................

    

  ا�ستاذ الدكتور/ مريم أبو سيف حلمى

  أستاذ الباثولوجيا ا"كلينيكية والكيميائية

  كلية الطب

  جامعة ا�سكندرية

  

              ......................................

    

  ا(ستاذ الدكتور/ ليلى كمال يونس

  أستاذ علم ا�مراض

  كلية الطب

  جامعة ا�سكندرية

  

              ......................................

    

 المشرف المشارك
 

  الدكتور/ ايھاب مصطفى حسونة

  مراض الباطنةا�مدرس 

  وحدة أمراض الكبد و المرارة

  كلية الطب

  جامعة ا�سكندرية

 

              ......................................
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الراپاميسين (تور) وا5لتقام الذاتى في ا5صابة المزمنة  ھدف
  بفيروس ا5لتھاب الكبدي سي: العCقة بنشاط المرض

  

  

  مقدمة من

 سـامـح الدسوقي أنور �شـين
  ماجستير أمراض الباطنة –بكالوريوس الطب والجراحة 

  جامعة ا�سكندرية –كلية الطب 

 

  للحصول على درجة

 مراض الباطنةا(دكتوراة فى ال

  

 موافـقـون  لجنة المناقشة والحكم على الرسالة

  ا�ستاذ الدكتور/ ھدى عبد المجيد العجان
  الباطنة مراضا�أستاذ 

  وحدة امراض الكبد والمرارة 

  كلية الطب

  جامعة ا�سكندرية

......................  

  جمال السيد محمد شيحةا�ستاذ الدكتور/ 
  أمراض الكبد و الجھاز الھضميأستاذ 

  رئيس وحدة الكبد

  كلية الطب

  المنصورةجامعة 

......................  

  محمد اسماعيلفتح الله صدقي ا�ستاذ الدكتور/ 
  مراض الباطنةا�أستاذ 

  وحدة امراض الكبد والمرارة رئيس 

  كلية الطب

  جامعة ا�سكندرية

......................  

  

٢٠١٥/ ٢ /١٩  التاريخ :
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الراپاميسين (تور) وا5لتقام الذاتى في ا5صابة المزمنة بفيروس  ھدف
  سي: العCقة بنشاط المرضا5لتھاب الكبدي 

  

 

 علمية رسالة

  ا�سكندريةجامعة  –كلية الطب لمقدمة 

 جةلحصول على درط اإيفاءاً جزئياً لشرو

  

  

  مراض الباطنةا(دكتوراة فى ال

 

  

  

  من مقدمة

  سـامـح الدسوقي أنور �شــين

  ماجستير أمراض الباطنة –والجراحةبكالوريوس الطب 

  جامعة ا�سكندرية

  
  

  

الطبكلية   

 جامعة ا5سكندرية

٢٠١٥ 
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