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Advances in the Molecular Mechansim of Autophagy Formation

Zheng Zuguo, Zhang Pinghu*
(Jiangsu Key Lab for New Drug Screening, China Pharmaceutical University, Nanjing 210009, China)

Abstract Autophagy is an internal balancing mechanism to maintain homeostasis in eukaryotic cells. More
autophagy-related proteins involved in the formation of autophagy have been discovered. For example, Atgl/ULK1
protease complexes mainly playing a critical role in the initial stage of the autophagy formation; Atg9-Atg2-Atgl8
complexes mainly for the delivery of membrane structurein the process of autophagy formation; Atgl2 and Atg5/
LC3 binding system mainly involved in extending membrane and autophagy mature; Vps34-Atg6/Beclinl PI(3)P
enzyme complex playing an important role in the initiation and maturation of autophagy. Recent investigations
have identified selectively in the recognition of autophagy substrates, such as mitophagy, lipophagy, xenophagy,
etc. Therefore, autophagy is closely related to the occurrence and development of many diseases. Such as nervous
system diseases, cancer, cardiovascular disease, infection, metabolic disease, idiopathic pulmonary, and pulmonary

hypertension, and participates in the process of aging. At present, a number of autophagy regulators, which targeting
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autophagy are in clinical trials.
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Autophagic vacuole
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Fig.1 The basic progress of autophagy formation
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Fig.2 The role of mTOR signal pathway and ULK1 enzyme complex
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[ 25 UL ) 2 mAtg9/Atg9L1. Atg9-Atg2-Atgl8E &
YIE B E ot fE b R E R, R EDIRER A
W5 T B 2% R 45 A
3.3 Atgl2F1Atg8/LC3ZEA RS

FEIX AN RGeS — R ) Ji R R X A
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Atgl2-conjugation

JEZE &AL, WA T2 EM SRS G0, Gt
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% 2 i W N5 ik 2 8% % (PE) L. AT LA, Atgl2-Atg5s-
Atgl6 E AT BEEE N Atg8IE3FERR!.

[FIFE, Atg8/LC3ER ARGt — Mz LS
A4, I BAtg8RI 4t 572 AL AR, Atglo
NAtg8/LCIERE RAMELFE I, Atg3 N RS ME2FFE
filf. 64 4% 18 TR, Atgl2-Atg5-Atgl6 9 Atg8/LC3i%E
P R G HIE3IFERGIY, TG B Atg8 2 T 14 11,
2 H M — Rl R (A4 B D) T /EC-om 2 85 H &
TR G, 7 T A R AtgS, U, Atg8i 25 /0 Af T4
W, FR 2 NAtE8/LC3-1o il 24 () Atg8 B E 1A fify
Atgl0. E2Ff figAtg3 UL K E3FF B Atgl2-Atg5-Atgl6
EERGHN S, B4, Atg8/LC3C-i H &R 5
PEMRFIR LB AL s 45 6 T il Atg8/LC3-PES &4,
IEFR N Atg8/LC3-11. Atg8/LC3-1IT] 5 [ Wi {4 i £
A, HAEZ ISR B, B2, AT E WA
HMEILC3TT A Atgd B U] oK, T A Atg8-1 25 T4
FBE AR FR R . I EIILC3 ) 2 7E B kA
5 AR Bl T8 BB VRV B AR IS, T AR N I R
HEEK AR, 1F A T Atg8/LC3 LA B R EE 2L,
It B 5 BTG, Bril, Atg8/LC3p kil A
W TP 1 1) o B B AR S 2 — o 38R AT DLad i A s
WM EELC3 143 A1 LA S Ji i Western bloths il &5 1
JRLC3V/LC3IIH EL AR R HIE 2 75 KA H RN Atg8/
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TER . BRILZ AL, ITAE A HOEFR, Atg8/LC3iEHE RS
5 Wk B R E Y. BLATIAA, A
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o == O
Atgl0 =)  Atg5 Atgs ~ Atglo6
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B3 Atgl2FNAtg8/LC3EE R
Fig.3 Atgl2 and Atg8/LC3 binding systems
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TRE VIO, W7 &R .. &R EMNE RGE
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Ho 525 md .
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PR, 3o 22 Bt/ i) AT R e B B ERE . H AT,
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A, FEHM TR E . fEmG kR s iRl b, &
T T T B B R R R IT TR C A £
P R B A RIR TR, B, IE
JRE TR ph 2R AT VR MR il R 45 . T H AT,
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Table 1 Ongoing clinical trials exploring the therapeutic modulation of autophagy (modified from reference [45])

s E BRI i 2 Wik EL RS
Setting Description Primary endpoint Phase and stage Flllnlf:alTrlals.gov
identifier*
Infectious conditions Chloroquine in resistant HCV infection Loss of HCV RNA Phase IV; recruiting NCT02058173
Neoplastic diseases ~ Chloroquine in advanced small cell lung cancer Safety Phase I; recruiting NCT00969306
Chloroquine plus velcade and cyclophosphamide in Response rate Phase II; active, NCT01438177
multiple myeloma not recruiting
Chloroquine in ductal in situ carcinoma prior in surgery Response rate Phase I/II; recruiting NCTO01023477
HCQ plus AKT1 inhibitor MK2206 in advanced solid tumors ~ Safety Phase [; recruiting NCTO01480154
HCQ plus sunitinib in advanced solid tumors Safety Phase [; active, not recuiting  NCT00813423
HCQ plus sirolimus or vorinostat in advanced Cancers Safety Phase [; recruiting NCTO01266057
HCQ plus sorafenib in solid tumors Safety Phase [; recruiting NCTO01634893
HCQ plus FOLFOX and bevacizumab in colorectal cancer Response rate Phase I/II; recruiting NCTO01206530
HCQ plus capecitabine, oxaliplatin, and bevacizumab in ~ Progression-free survival Phase II; recruiting NCT01006369
colorectal cancer
HCQ treatment of breast cancer Inhibition of autophagy in tumor Phase II; recruiting NCT01292408
Expression of hypoxia markers in tumor
HCQ plus sirolimus in Lymphangioleiomyomatosis Safety Phase [; recruiting NCTO01687179
HCQ plus gemcitabine/abraxane in pancreatic cancer Overall survival Phase I/IT; recruiting NCT01506973
Preoperative HCQ plus gemcitabine and albumin-bound Histological response Phase II; recruiting NCTO01128296,
paclitaxel in pancreatic cancer NCT01978184
HCQ in prostate cancer patients with rising PSA Reduced increase in Phase II; active, NCT00726596
levels after local therapy circulating PSA levels not recruiting
HCQ plus navitoclax and abiraterone in Biochemical response at Phase II; recruiting NCTO01828476
metastaticprostate cancer the level of PSA
HCQ before surgery of primary renal cell Inhibition of autophagy Phase [; recruiting NCTO01144169
carcinoma and normal tissue in tumor
HCQ plus RADOO01 in renal cell carcinoma Progression-free survival Phase I/IT; recruiting NCTO01510119
HCQ plus carboplatin, paclitaxel, and bevacizumab in Response rate Phase I/II; active, NCT00933803,
non-small-cell lung cancer not recruiting NCT01649947
MLN9708 plus vorinostat for autophagy inhibition in Safety Phase I; recruiting NCT02042989
advanced solid cancers
HCQ plus bortezomib in multiple myeloma Safety Phase I/IT; unknown NCT00568880
Neurodegenerative ~ Tamoxifen (as autophagy inducer) in ALS Functional tests to assess Phase I/II; recruiting NCT02166944
conditions motor neuron function
Rilmenidine (as autophagy inducer) in Safety Phase I; authorized
Huntington’s disease
Metabolic disorders Prospective comparison of genotype Correlation of polymorphisms Observational recruiting ~ NCT01988441

distribution of ATG polymorphisms in

obese children and adolescents

Proteinopathies cysteamine plus epigallocatechin
gallate (as autophagy inducers) for treatment of

cystic fibrosis in patients with CFTR F508A mutation

with the development of

non-alcoholic fatty liver disease

Improvement of sweat test

and clinical manifestations

Phase II; recruiting

*: 2 W http://clinicaltrials.gov/, %75 175 6L W i1 o o
*: unless otherwise indicated, see http://clinicaltrials.gov/.

bl DL K 2.k 3 #2 BFEP300) . [R I, S5 [EFDASL#E
TUE T AR, (B 2R 2, f
A3 AR H 38 I 5 TR VR TT B I TR AR A A
Mo HZE, DLEWCHZPRINE B A, FERIGIT AR R
IR 298 B MG R R L. A NEER

B, ik B R N H AT IR AR I RS B B (R

1 )[45-46] .

6 REE
FE WG 45 70 1 24 B 25 R R IR AL TS B, —
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ST R LA TR S PR 55 3 70U AT 1 FRDAS AR DRt i
PRAT G AR BT TT . B H ATRRAZ AT B b an e
BERHLE M BRI A e 4. BAR, — KAtk B
W6 T IR 1/ e AL E I NI PR, (2K %
AR AR YRR BRI, AT IR AT A
TR T8 5 Dy RE LA L F R 2 5 2 Fo B AR,
7 R AT RS Ak A R R SR A AT e
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