
Review

The links between AKT and two intracellular proteolytic cascades:
Ubiquitination and autophagy

Masayuki Noguchi ⁎, Noriyuki Hirata, Futoshi Suizu
Division of Cancer Biology Institute for Genetic Medicine, Hokkaido University, Sapporo, Japan

a b s t r a c ta r t i c l e i n f o

Article history:
Received 8 May 2014
Received in revised form 29 July 2014
Accepted 30 July 2014
Available online 7 August 2014

Keyword:
AKT
Autophagy
Ubiquitination

The serine threonine kinase AKT plays a central role in the regulation of cell survival in a variety of human
neoplastic diseases. A series of studies have revealed a connection between AKT signaling and two important
protein degradation pathways in mammalian cells: the ubiquitin–proteasome system and autophagy. Two
distinct ubiquitination systems have been reported to regulate AKT signaling: K63-linked ubiquitination,
which promotes the oncogenic activation of AKT, and K48-linked ubiquitination, which triggers the proteasomal
degradation of phosphorylated AKT. Autophagy is an evolutionarily conserved mechanism for the gross disposal
and recycling of intracellular proteins inmammalian cells. AKT signalingmay play a regulatory role in autophagy;
however, the underlying mechanisms have not been fully clarified. Recently, AKT was shown to phosphorylate
key molecules involved in the regulation of autophagy. Furthermore, lysosomal co-localization of the AKT–
Phafin2 complex is reportedly critical for the induction of autophagy. In this review, we will discuss the
connection between AKT, a core intracellular survival regulator, and twomajor intracellular proteolytic signaling
pathways in mammalian cells.

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
2. AKT signaling and ubiquitination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
3. K48-linked ubiquitination of AKT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
4. K63-linked ubiquitination and AKT kinase activation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
5. Other ubiquitin modifiers involved in AKT signaling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
6. PI3K–AKT–mTOR signaling is linked to autophagy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
7. Lysosomal interaction of AKT with Phafin2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
8. Connection to cell death . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
9. Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
Acknowledgement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350

Biochimica et Biophysica Acta 1846 (2014) 342–352

Abbreviations:BRCA1, breast cancer susceptibility gene1; BRCT, Brca1 C-terminal; CHIP, chaperone-associatedubiquitin ligase; CYLD, cylindromatosis; DAPK, death-associatedprotein
kinase; DUB, deubiquitinating enzyme); EGF, epidermal growth factor; FADD, fas-associated protein with death domain; FGFR1, fibroblast growth factor receptor 1; Hsp90, heat shock
protein 90; IAP1/2, inhibitors of apoptosis 1/2; IκB, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor; IGF-1, insulin-like growth-factor 1; JNK1, c-Jun N-
terminal kinase; MULAN, mitochondrial ubiquitin ligase activator of NF-κB; mTOR, mammalian target of rapamycin; Myr, myristoylated; NEDD4, neural precursor cell expressed devel-
opmentally down-regulatedprotein 4;NF κB, nuclear factor-kappa B; PI3K, phosphoinositide 3-kinase; PAK1, p21 protein-activated kinase 1; PAS, pre-autosomal structures; PH, pleckstrin
homology; PIAS1, protein inhibitor of activated STAT-1; PTEN, phosphatase and tensin homolog deleted from chromosome 10; RNF8, ring finger protein 8; S6K1, p70 S6 kinase 1; Skp2,
SKP1 interacting partner 2; 3-MA, 3-methyladenine; TNF, tumor necrosis factor; TPR, tetratricopeptide repeat; TRAF6, tumor necrosis receptor-associated factor 6; TRAIL, TNF-related
apoptosis-inducing ligand; TSC, tuberous sclerosis complex; TTC3, tetratricopeptide repeat domain 3; Ubl, ubiquitin-like; ULK1, Unc-51 like autophagy activating kinase 1; Vps34, vacuolar
protein sorting 34
⁎ Corresponding author at: N15, W7, Kita-ku, Sapporo 060–0815, Japan. Tel.: +81 11 706 5069; fax: +81 11 706 7826.

E-mail address: m_noguch@igm.hokudai.ac.jp (M. Noguchi).

http://dx.doi.org/10.1016/j.bbcan.2014.07.013
0304-419X/© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

Contents lists available at ScienceDirect

Biochimica et Biophysica Acta

j ourna l homepage: www.e lsev ie r .com/ locate /bbacan

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbcan.2014.07.013&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://dx.doi.org/10.1016/j.bbcan.2014.07.013
mailto:m_noguch@igm.hokudai.ac.jp
Unlabelled image
http://dx.doi.org/10.1016/j.bbcan.2014.07.013
http://creativecommons.org/licenses/by-nc-nd/3.0/
Unlabelled image
http://www.sciencedirect.com/science/journal/0304419X
www.elsevier.com/locate/bbacan


1. Introduction

The serine threonine kinase AKT, also called protein kinase B (PKB),
regulates a range of cellular processes, including cell survival, cell cycle
progression, cytoskeletal organization, vesicle trafficking, glucose trans-
port, and platelet function. Deregulation or malfunction of AKT contrib-
utes to a wide variety of human diseases including cancers, glucose
intolerance, schizophrenia, viral infections, and autoimmune diseases
[1–3]. Two major proteolytic pathways are present in mammalian
cells: autophagy and the ubiquitin–proteasome system [4–6]. A series
of studies has shown that the PI3K (phosphoinositide 3-kinase) –AKT–
mTOR (mammalian target of rapamycin) pathway, which mediates
anti-apoptotic signaling, may play an important role in the regulation
of autophagy and the ubiquitin-proteasomal system in mammalian
cells [7–13].

Ubiquitin was originally proposed to deliver tagged proteins to the
cellular waste disposal machinery via the 26S proteasome. Ubiquitin, a
76-residue protein, is covalently associatedwithprotein substrates. Pro-
tein ubiquitination is mediated by the concerted action of essentially
three enzyme families (E1, E2, and E3). Ubiquitin is activated first by a
ubiquitin-activating enzyme (E1) through an ATP-dependent reaction
to form an E1-thioesterlinkage, and the activated ubiquitin is trans-
ferred to a member of the ubiquitin-conjugating enzyme E2 family. A

ubiquitin–protein ligase (E3) then mediates the transfer of ubiquitin
from E2 to the substrate protein by promoting the formation of an
isopeptide bond between the ubiquitin (Ub) carboxyl-terminus and
specific lysine side chains on the substrate [14,15]. In the human ge-
nome, there are over 500 genes that appear to be E3 ligases, and there
are potentially over 1500 molecules that can be targeted by ubiquitin
and/or ubiquitin like proteinmodifications [16]. E3 ligases can generally
be classified into two families: RING (really interesting new gene) type
E3 ligases, and HECT (homologous to the E6-associated protein C termi-
nus) type E3 ligases. The activity of the ubiquitin system is dependent
on the specificity of the E3 ubiquitin ligases [17].

In addition to its control of protein turnover, protein ubiquitination
of protein has an additional impact on various cellular functions, includ-
ing facilitation of cell-surface-receptor turnover and control of gene
transcription [15].

Two distinct ubiquitination systems for AKT have been reported:
K63-linked ubiquitination of lysine of ubiquitin by TRAF6 (tumor necro-
sis receptor-associated factor 6) [18], Skp2 (SKP1 interacting partner 2)
[12], or NEDD4 (neural precursor cell expressed developmentally
down-regulated protein 4) [19], induces AKT activation by promoting
plasma membrane translocation and/or nuclear translocation. In con-
trast, K48-linked ubiquitination of lysine of ubiquitin by BRCA1 (breast
cancer susceptibility gene 1) [8], MULAN (mitochondrial ubiquitin

Fig. 1. Two distinct ubiquitination systems regulate AKT and downstream cellular responses. K63-linked ubiquitination by TRAF6/Skp2 induces the translocation of AKT to the plasma
membrane, which is important for oncogenic AKT activation. NEDD4 catalyzes K63-linked ubiquitination of phosphorylated AKT to promote its nuclear translocation. K48-linked
ubiquitination of AKT by TTC3, CHIP, or MULAN, or BRCA1 promotes proteasomal degradation. PIAS1-mediated SUMOlylation of AKT, which occurs mainly in the nucleus, is also essential
for the activation of AKT and downstream responses such as proliferation and tumorigenesis. In contrast, K48-linked ubiquitinationmediated by BRCA1 or TTC3 occurs in the nucleus and
triggers proteasomal degradation. MULAN- and CHIP-mediated ubiquitination likely to occurs in the cytosol. Moreover, the CYLD deubiquitinase controls the balance between AKT
ubiquitination and deubiquitination.
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