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AKT1 AKT2 AKT3 domain conserved?
E17K E17K E17K PH yes
D32y D32H D32N PH yes
D46E DdeN DdeH PH yes
P51L =10 PH yes
LS2R/F L51R PH yes
Q79K Q73K PH YES
WEOR WEOC,L PH yes
ES50 EB4K PH yes
R1Z1W linker YES
E134G E131K linker YES
Al39V linker no
R170W kinase YES
D221N D219M kinase YES
1289M kinase YES
5266L 5264F kinase YES
D323HN D324G,/H D320H kinase YES
M3day M3 20K kinase YES
R3I47H R3I43M/G kinase YES
E3S6K E3S52D kinase YES
R3IGTC R3B3C/H kinase YES
R3I70C R3IT1IH/L R3670 kinase YES
D399M D395E/Y kinase YES
5474F 5474F HM yes

Figure 1: Spectrum of mutations in AKT1, AKT2, and AKT3. A. Figure and data derived from cBioPortal website [3]. Pleckstrin
homology (PH), kinase, and C-terminal regulatory domains are depicted. Mutations are color coded by type: missense (green), nonsense
(red). B. Recurrent mutations across AK7 isoforms analyzed in this study. PH, pleckstrin homology. HM, hydrophobic motif.
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Transforming activity of Akt mutants

To further characterize the oncogenic properties of
these mutants, we tested their ability to maintain survival
of BaF3 cells after withdrawal of IL-3. As shown in Figure
3A, only the Aktl E17K, Akt2 E17K, and Aktl D323H
mutants promoted BaF3 survival compared to wild type
Akt proteins. Note that the Aktl L52R and Q79K mutants

were not tested in BaF3, as we and others have previously
shown that they have oncogenic properties [4, 5]. We had
previously demonstrated that targeted knock-in of the
AKTI E17K mutation in MCF-10A cells is insufficient
to cause EGF independence, but the possibility remained
that supraphysiologic expression of Akt mutants might
lead to growth factor independence [10]. MCF-10A cells
expressing the panel of Akt mutants remained completely
dependent on EGF for growth, however, although

Figure 2: Signaling pathway activation by hotspot and non-hotspot Aktl and Akt2 mutants. Immunoblotting was
performed on lysates from: A. IL-3-deprived BaF3 cells. B. Serum-starved Ratla cells. Note, Akt T308/9 western shown is from the same
gel; however samples were in a different order from the other blots and Akt2 D32H was not run. C. MCF-10A cells cultured in the absence
of EGF. EV, empty vector control. WT, wild type. Note that all images are cropped to show only the relevant bands.
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PIK3CA E545K mutant knock-in MCF-10A cells grew tested whether our panel of AKT mutants would lead to

without EGF as expected (Figure 3B) [9]. Some groups aberrant acinar morphogenesis in Matrigel. Again, none
have reported that overexpression of activated forms of the mutants, including known activating mutants, was
of Akt can lead to aberrant morphogenesis phenotypes capable of transforming MCF-10A cells in this assay. All
when MCF-10A cells are cultured in a three dimensional acini showed normal morphology (data not shown).

basement membrane matrix (Matrigel), although our Ratla cells expressing the mutants grew with
MCF-10A AKTI E17K knock-in cells resembled wild similar kinetics to empty vector control and wild type Akt-
type MCF-10A cells in this assay [4, 10]. We therefore expressing cells (Figure 3C). However, after becoming
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Figure 3. Effects of mutant Akt proteins on growth properties of BaF3, MCF-10A, and Ratla cells. A. IL-3 independent
growth of BaF3 cells. Fold increase at days 4 and 6 relative to growth of AKT wild type cells. AKT1 mutants are normalized to AKT1
wild type, and AKT2 mutants are normalized to AKT2 wild type. B. EGF-independent growth of MCF-10A cells expressing Akt proteins.
Crystal violet staining after 14 days of growth is shown. PIK3CA E545K knock in MCF-10A cells are shown as a positive control. C.
Growth of Ratla cells expressing Akt proteins assessed by crystal violet staining. D. Media acidification of confluent Ratla cells expressing
Aktl E17K, Akt2 E17K, Aktl L52R, Aktl Q79K, and Aktl D323H.
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