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Abstract 

The caspase3/p120RasGAP module acts as a stress sensor that promotes pro-

survival or pro-death signaling depending on the intensity and the duration of the 

stressful stimuli. Partial cleavage of p120 RasGAP generates a fragment, called 

fragment N, which protects stressed cells by activating Akt signaling. Akt family 

members regulate many cellular processes including proliferation, inhibition of 

apoptosis and metabolism. These cellular processes are regulated by three distinct 

Akt isoforms: Akt1, Akt2 and Akt3. However, which of these isoform(s) is/are 

required for fragment N mediated protection has not been defined. In this study, 

we investigated the individual contribution of each isoform in fragment N-

mediated cell protection against Fas ligand induced cell death. To this end, DLD1 

and HCT116 isogenic cell lines lacking specific Akt isoforms were used. It was 

found that fragment N could activate Akt1 and Akt2 but that only the former 

could mediate the protective activity of the RasGAP-derived fragment. Even over-

expression of Akt2 or Akt3 could not rescue the inability of fragment N to protect 

cells lacking Akt1. These results demonstrate a strict Akt isoform requirement for 

the anti-apoptotic activity of fragment N. 

 

  



 
 

1. Introduction 

Maintaining cellular homeostasis requires that many biological parameters, such 

as cell volume, electrolyte concentration, osmolarity, acidity, membrane potential, 

concentrations of intracellular ions, nutrients, oxygen and reactive oxygen species, 

are kept within ranges that allow the maintenance of cellular activities required to 

sustain the functions and the life of cells [1]. Too great of a perturbation of these 

parameters can trigger the activation of stress sensors that will mount appropriate 

cellular responses to maintain homeostasis or to induce cell death if cellular stress 

or damage cannot be resolved [2, 3]. 

The caspase3/p120RasGAP module is one of such stress sensors. It can switch 

signaling from pro-survival to pro-death depending on the intensity and duration 

of the stressful stimuli [2]. Under mild stress conditions, the proteolytic activity of 

caspase-3 slightly increases [4, 5]. In these conditions p120RasGAP is cleaved at 

position 455 into an amino-terminal fragment, called fragment N, which protects 

cells by activating the anti-apoptotic Akt kinase [4, 6, 7]. If the extent of the stress 

increases above a certain threshold however, fragment N is further cleaved at 

position 157 and it loses its capacity to stimulate Akt [4, 6]. Knock-in mice bearing 

an uncleavable version of RasGAP, and hence that are unable to produce fragment 

N, are impaired in their ability to stimulate Akt and are more sensitive to 

pathophysiological insults [8]. 

Akt exists in highly homologous isoforms in mammals that are encoded by 

different genes: Akt1 (PKBα), Akt2 (PKBβ), and Akt3 (PKBγ) [9-11]. These three 

isoforms show about 80% amino acid identity and they share a common N-

terminal pleckstrin homology (PH) domain, a catalytic domain, and a C-terminal 



 
 

regulatory domain [12]. Targeted deletion of Akt1, Akt2 and Akt3 or combined 

deletion of the isoforms by homologous recombination revealed that Akt isoforms 

have redundant as well as non-redundant functions. Akt1-/- mice have reduced 

body weight and display increased risk of neonatal mortality [13, 14]. Akt2-/- mice 

develop glucose metabolism dysfunctions, including increased fasting plasma 

glucose levels and peripheral insulin resistance, but this generally does not evolve 

to full-blown diabetes [15, 16]. Akt3 -/- mice display reduced brain size [17]. The 

data obtained with these single knock-out mice highlight some of the non-

redundant functions of Akt isoforms. The redundant functions of the Akt kinases 

can be revealed in mice lacking more than one Akt isoform. For example, mice 

lacking both Akt1 and Akt2 display drastic growth deficiencies and they die shortly 

after birth [18]. Moreover, the Akt1-/-/Akt3-/- genotype is embryonically lethal [19]. 

This indicates that Akt1 and Akt2 (or Akt3) share some redundant functions in 

allowing successful embryonic development and survival. Another example of 

redundancy comes from the observation that disruption of one Akt1 allele in the 

Akt2-/- background worsened glucose metabolism dysfunction, culminating in the 

development of severe diabetes [20]. However, Akt1 involvement in glucose 

metabolism is only revealed in the absence of Akt2, indicating that Akt2 is the 

main isoform controlling glucose handling in mice and that Akt1 only has 

accessory or modulatory functions in this response. 

The mechanism by which Akt is activated has been extensively investigated, in 

particular following growth factor receptor activation or stimulation of the insulin 

receptor [21, 22]. Stimulation of Akt activity requires translocation to the plasma 

membrane and subsequent phosphorylation on key residues. Membrane 

translocation is achieved when phosphatidylinositide 3-kinase (PI3K) is activated 



 
 

following receptor tyrosine kinase activation. This activation increases locally the 

production of phosphatidylinositol 3,4,5-triphosphate (PIP3). This lipid is a ligand 

for the PH domain of Akt allowing its recruitment to membranes. There, Akt is 

phosphorylated on at least two residues. The first one is found within the 

activation loop in the catalytic domain (Thr308 in Akt1, Thr309 in Akt2 and Thr305 

in Akt3) and is phosphorylated by phosphoinositide-dependent kinase 1 (PDK1) 

[23, 24]. The second one corresponds to a serine residue (Ser473 in Akt1, Ser474 

in Akt2, Ser472 in Akt3) found in the hydrophobic region of the kinase carboxy-

terminal tail and it is phosphorylated by mammalian target of rapamycin 2 

complex (mTORC2) [25]. It has been suggested that phosphorylation at Ser473 is 

preceding and facilitating the phosphorylation at the Thr308 site [25, 26] 

Nevertheless, phosphorylation on Ser473 is usually considered as the signature for 

kinase activity, since it stabilizes the active conformation state of Akt [25, 27, 28]. 

In certain conditions, Akt can also be phosphorylated on these residues by other 

kinases, such as DNA-PK and ILK [23]. Recently, additional residues in the C-

terminus of Akt (Ser477 and Thr479) have been found to be phosphorylated by 

the cyclin-dependent kinase Cdk2. These phosphorylation events appear to 

facilitate, or to functionally compensate for Ser473 phosphorylation [29]. 

Activated Akt phosphorylates a wide range of downstream effectors that bear the 

consensus motif RXRXXS/T-bulky hydrophobic, where X denotes any amino acid 

and S/T denote serine and threonine residues [30]. The anti-apoptotic functions of 

Akt are mediated following the phosphorylation of a series of substrates including 

Bad, IKKβ, and FOXO transcription factors [31-37]. 



 
 

As indicated above, the anti-apoptotic fragment N produced by the caspase-

3/p120RasGAP stress sensor activates Akt and generates a potent cell survival 

signal. But which specific Akt isoform is involved in this protective response is 

unknown. Here therefore, we investigated which of the Akt isoform(s) was/were 

involved in fragment N mediated cell survival using DLD1 and HCT116 cell lines 

lacking specific Akt isoforms. 

 

  



 
 

2. Material and Methods 

 

2.1 Reagents 

The anti-Akt1, anti-Akt2, anti-phospho Akt1 (Ser 473),anti- phospho Akt2 (Ser 

474), pan Akt and anti-actin monoclonal antibodies were purchased from Cell 

Signaling Technology (Beverly, MA; cat. no. 2967, 2964, 9271, 8599, 4685, 4970 

respectively). Secondary antibodies used for Western blotting were Alexa Fluor 

680–conjugated anti-rabbit (Molecular Probes, Eugene, OR; cat. no. A21109) or 

IRDye 800–conjugated anti-mouse antibodies (Rockland, Gilbertsville, PA; cat. no 

610-132-121). The Fas ligand (FasL) used here corresponds to a hexameric form of 

a fusion protein between FasL and the Fc portion of IgG1 [38] and was a generous 

gift from Dr. Pascal Schneider (University of Lausanne, Switzerland). Antibodies 

were diluted in bovine serum albumin (BSA) (Sigma-Aldrich; cat. no. A7906). 

 

2.2 Plasmids 

The pEGFP-C1 (#6) plasmid encodes a green fluorescent protein (GFP) (Clontech). 

The pcDNA3 (#1) plasmid is a eukaryotic cytomegalovirus promoter-driven 

expression vector. HA-hRasGAP[1-455](D157A).dn3 (#352) encodes a tagged and 

caspase-resistant version of the 1–455 amino acid fragment (fragment N) of 

human RasGAP (previously called N-D157A.dn3) [6]. HA-hRasGAP[1–

455](D157A).lti (#353) encodes the same fragment but in a vector allowing for the 

production of lentiviruses (previously called N-D157A.lti) [4]. Full length human 

Akt1 gene was excised from Myr-HA-hAkt1.dn3 (#845) (Addgene plasmid no. 



 
 

9008) using BamHI and EcoRI. This digestion released the intact Akt1-coding 

sequences lacking the sequences coding for the Myr and HA tags. Full length 

human Akt2 gene was excised from Myr-HA-hAkt2.dn3 (#846) (Addgene plasmid 

no. 9016) [39] using the same enzymes (this also removed the Myr and HA- tags). 

Then, the Akt1- and Akt2-containing excised fragments were sub-cloned into the 

LeGO.iG2 (Addgene plasmid no. 27341) plasmid (#809) opened with the same 

restriction enzymes. Akt3 gene was excised from Myr-HA-hAkt3 (#861) (addgene 

plasmid no. 9017) using EcoRI and BssHI to release the full-length tag-free human 

Akt3 cDNA. After this digestion, the hanging ends were filled using the T4 

polymerase. The Akt3 cDNA fragment was then sub-cloned into the StuI-linearized 

LeGO.iG2 plasmid. The orientation of the Akt3 construct within this vector was 

checked by restriction analysis. The hAkt1.LeGO-iG2 (#843), hAkt2.LeGO-iG2 

(#844), and hAkt3.LeGO.iG2 (#862) plasmids were used to produce lentiviruses 

expressing GFP and full length human Akt1, Akt2 and Akt3, respectively. 

 

2.3 Cell Lines 

HCT116 human colorectal cancer cell line and the DLD1 human colorectal cancer 

cell line harbor the H1047R mutation in exon 20 (kinase domain) and the E545K 

mutation in exon 9 (helical domain) of the PIK3CA gene, respectively. Both cell 

lines also harbor heterozygous G13D KRAS mutations [40]. These cells lines have 

been genetically engineered to inactivate the Akt1, Akt2, and PDPK1 genes 

through targeted homologous recombination. Akt3 is not expressed in these cell 

lines [41]. The parental DLD1 cell line and its derivatives were maintained in RPMI 

1640 (Invitrogen catalogue no. 61870) containing 10% fetal bovine serum (PAA 



 
 

Laboratories GmbH, catalogue no. A15-151). The parental HCT116 cell line and its 

derivatives were maintained in DMEM (Invitrogen, catalogue no. 61965) 

containing 10% fetal bovine serum. All the cell lines were grown in a 37°C and 5% 

CO2 atmosphere. 

 

2.4 Western blot analysis 

Cells were washed twice with ice-cold PBS and lysed in MonoQ-c buffer [6]. Equal 

amounts of proteins were migrated in a polyacrylamide gel and transferred onto a 

Trans-Blot nitrocellulose membrane (Bio-Rad catalogue no. 10484060). 

Membranes were blocked with 5% bovine serum albumin and incubated over-

night at 4°C with specific primary antibodies. Blots were washed with TBS/Tween 

0.1%, incubated with specific secondary antibodies and visualized with the 

Odyssey infrared imaging system (LICOR Biosciences, Bad Homburg, Germany). 

The integrated densities of the Akt1 and Akt2 bands were quantitated using the 

Image J software (National Institutes of Health, Bethesda, MD, USA) and were 

then normalized to the corresponding actin levels. 

 

2.5 Cell transfection 

HCT116 cell lines were co-transfected with a fragment N-expressing plasmid 

(#352) or with an empty pcDNA3 vector (#1), together with a GFP-expressing 

plasmid (#6). Transfection was performed using the calcium phosphate 

precipitation method, as previously described [42]. 



 
 

 

2.5 Lentivirus preparation 

Recombinant lentiviruses were produced according to a previously described 

method [43]. The minimal amounts of viral supernatant that induce the 

expression of the protein of interest in more than 95% of the cells (as assessed by 

immunofluorescence) were used. 

 

2.5 Apoptosis assay 

Cells were infected with empty viruses or fragment N-expressing viruses and 48 

hours later were treated with 5 ng/ml FasL for 18 additional hours. For rescue 

experiments, cells were first infected with empty viruses or fragment N-expressing 

viruses, and 24 hours later were infected again with Akt1, Akt2, or GFP-expressing 

viruses. After a 24 hour additional period, cells were treated with 5 ng/ml of FasL 

for 18 more hours. The cells were then fixed in 2% paraformaldehyde (PFA) and 

apoptosis was scored by counting the pycnotic nuclei (visualized with Hoechst 

33342) [6]. When apoptosis was scored in transfected cells, only the GFP-positive 

cells were considered. 

 

2.6. Statistics 

Statistical analyses were done with Microsoft Office Excel 2003 SP1 using the two-

tailed unpaired Student t test. Significance is indicated by an asterisk when p < 



 
 

0.05/n, where p is the probability derived from the t test analysis and n is the 

number of comparisons done (Bonferroni correction). 

  



 
 

3. Results 

3.1. Fragment N stimulates both Akt1 and Akt2 phosphorylation 

Akt isoform-specific antibodies recognizing the phosphorylated serine residues at 

position 473/474 were used to determine which Akt isoform are activated by 

fragment N. The specificity of these antibodies was verified by using DLD1 and 

HCT116 cells lacking Akt1, Akt2, or both. Additionally, cells lacking PDK1, the 

kinase phosphorylating Akt on threonine 308/309, were also used to determine 

the impact of this phosphorylation event on the phosphorylation of residues 

473/474. Figure 1 shows that fragment N leads to increased Ser473/474 

phosphorylation on Akt1 and Akt2 in the parental cell lines (compare lanes 1 and 

2). The ability of fragment N to induce the phosphorylation of both Akt1 (Ser473) 

and Akt2 (Ser474) suggests that fragment N is acting on the phosphorylation 

process itself that is common to both isoforms. Yet, even though Akt1 and Akt2 

are activated by similar mechanisms [44, 45], the increase in fragment N-mediated 

Ser473/474 phosphorylation was apparently more pronounced for Akt2 than for 

Akt1. Fragment N-induced phosphorylation of residues 473/474 did not appear to 

be affected by the absence of PDK1. In the present case therefore, there was no 

clear modulation of serine 473/474 phosphorylation, which is mediated by 

mTORC2, by the phosphorylation event on threonine 308/309, which is mediated 

by PDK1, as shown in other situations [46, 47]. As expected, no signal was 

detected using the anti-Akt1 and the anti-Akt2 phospho-specific antibody in cells 

lacking Akt1 and Akt2, respectively. 

 

3.2 Akt1 is required for fragment N mediated protection 



 
 

The relative contribution of each Akt isoform to fragment N-mediated protection 

was assessed by measuring Fas ligand (FasL)-mediated apoptosis in the cells 

described in Figure 1. Figure 2 shows that fragment N did not protect DLD1 and 

HCT116 cells lacking Akt1. In contrast, fragment N successfully reduced the 

apoptotic response in the parental and in the Akt2 knock-out (KO) cell lines. These 

observations suggest that Akt2 is dispensable for fragment N-mediated 

protection. The protective ability of fragment N was also abolished in cells lacking 

PDK1. This is expected as Akt1 needs to be phosphorylated both on Ser473 by 

mTORC2 and on Thr308 by PDK1 for optimal activation [22]. 

 

3.3 Reconstitution of Akt1, but not of Akt2 or Akt3, expression in Akt1 KO cells 

restores fragment N-induced protection 

To verify that the inability of fragment N to protect Akt1 KO cells was indeed due 

to the absence of Akt1 and not a consequence of off-target mutations or 

alterations, Akt1 was reintroduced by lentiviral infection in DLD1 and HCT116 Akt1 

KO cells. Figure 3 shows that reconstitution of Akt1 expression in Akt1 KO cells 

allowed them to be protected by fragment N against FasL-induced apoptosis. 

The results described above indicate that Akt1 is the sole Akt isoform that 

mediates the protective response activated by fragment N. However, one could 

argue that Akt1 and Akt2 are equally capable of mediating this protective 

response but that the cells used in this study express much less Akt2 than Akt1 so 

that removing the latter globally reduces more total Akt levels than removing the 

former. The intensity of the Akt1 and Akt2 isoform bands on the Western blot 

revealed with a pan-specific antibody (lower blots in Figure 1A-B) are indeed 



 
 

compatible with the notion that Akt1 is expressed more than Akt2 in DLD1 and 

HCT116 cells. Consequently, even if fragment N uses both Akt isoforms, removing 

Akt1 may have a stronger impact on the protective response than removing Akt2. 

To assess this point, Akt1 and Akt2 were expressed to similar levels in DLD1 and 

HCT116 Akt1 KO cells following infection with a lentivirus encoding 

cytomegalovirus promoter-driven Akt1 and Akt2 constructs (Figure 3A). 

Overexpression of Akt1 and Akt2 yielded a 2.7±0.8 and 3.1±0.7 fold increase over 

endogenous levels in DLD1 cell line, respectively and a 3.7±0.8 and 2.1±0.1 fold 

increase over endogenous levels in HCT116 cell lines, respectively. Figure 3B 

shows that re-expression of Akt1, but not of Akt2, in Akt1 KO cells allowed them 

to be protected by fragment N against FasL-induced apoptosis. Akt3 is not 

supposed to be expressed in DLD1 and HCT116 cell lines [41] and hence is not 

uniquely required for fragment N-mediated cell protection. Akt3 may however be 

able to substitute for Akt1 to allow this activity of fragment N. To assess this point, 

Akt3 was ectopically expressed in Akt1 KO DLD1 cells and the ability of fragment N 

to protect these cells against FasL-induced apoptosis was investigated. The ectopic 

expression of Akt3 in these cells induced an unexpected increase in the basal 

apoptosis (compare the 5th and the 6th bars with the 9th and 10th bars in 

Supplemental Figure 2). FasL nevertheless more or less doubled this death 

response but this was not antagonized by fragment N expression (compare the 

11th and the 12th bars in Supplemental Figure 2). Hence, Akt3 cannot substitute for 

Akt1 in mediating the protective ability of fragment N. Overall, it can be concluded 

from these experiments that Akt1 is the sole Akt isoform that mediate the anti-

apoptotic activity of fragment N. 

  



 
 

4. Discussion  

Akt isoform-specific signaling is achieved in several ways, including tissue specific 

expression, differential subcellular localization, distinct catalytic activities, 

different signaling targets, and differential activation of the isoforms [48]. In a 

study that was conducted in HEK293T cells, Lee et al. [49] concluded that isoform 

specific Akt signaling is achieved most prominently by differential expression, 

rather than differences in intrinsic enzyme activity. In contrast, we provide 

evidence here that Akt1 is the sole Akt isoform mediating fragment N-mediated 

protection. In this case, therefore, there is a strict intrinsic Akt isoform specificity 

that cannot be explained by differential expression levels. Akt1, but not Akt2, has 

been shown to be able to inhibit starvation-induced apoptosis in the single 

disseminated tumor cells (DTC)-derived LC-M1 cell line[50]. Akt1 appears 

therefore to carry an intrinsic protective activity that it does not share with Akt2. 

This may however by cell type-specific as there are examples, in tumor cell lines in 

particular, that removal of Akt2 affects survival [51]. In these cases, however, the 

pro-survival triggering signals have not been characterized and consequently, how 

Akt2 participates in cell survival remains ill-defined. Even though, the distribution 

of Akt3 expression is restricted to specific tissues such as brain and testis; Akt3 is 

overexpressed in some cancer types; such as breast and prostate cancers as well 

as malignant gliomas and melanomas [52-54]. In a recent study, knockdown of 

Akt3 in a glioblastoma cell line was shown to reduce cell viability and cell cycle 

progression and to increase apoptosis [55]. Yet, in the context of fragment N 

mediated cell protection, Akt3 is dispensable. 



 
 

Isoform specific signaling can also be achieved by a differential capacity of Akt 

isoforms to interact with regulatory partners. Proteins such as T-cell lymphoma-1 

(TCL-1), mature T-cell proliferation 1 (MTCP-1) and c-Jun N-terminal kinase (JNK)-

interacting protein 1 (JIP1) were shown to bind Akt in a marked isoform-specific 

manner. This is believed to play a role in differential activation of Akt1 and Akt2 

isoforms [56-61]. In the case of fragment N-induced Akt activation, it appears that 

such type of regulation is not taking place, as the RasGAP-derived fragment 

induces the phosphorylation of Akt1 and Akt2 to similar extent (if anything Akt2 is 

more strongly activated by fragment N than Akt1). Hence the upstream signaling 

molecules participating in fragment N-mediated Akt1 and Akt2 phosphorylation 

are likely not different. 

In conclusion, the present work provides evidence that fragment N activates both 

Akt1 and Akt2 but only Akt1 is required for the protective functions of the 

RasGAP-derived fragment N. In this case therefore, the isoform specific-survival 

response is not due to a differential activation of the Akt isoforms but is rather a 

consequence of their distinct intrinsic signaling properties. 
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FIGURE CAPTIONS 

Figure 1. Overexpression of fragment N results in increased Akt1 and Akt2 

phosphorylation. DLD1 and HCT116 cells were infected with an empty lentivirus 

or with a fragment N-encoding lentivirus. Forty-eight hours later, the cells were 

lysed and the extent of isoform-specific Akt phosphorylation was assessed by 

Western blot. These experiments were repeated 2-3 times with similar results 

(Supplemental Figure 1). 

Figure 2. Fragment N-mediated cell survival is abolished in cells lacking Akt1. 

DLD1 isogenic cell lines were infected with an empty lentivirus or lentivirus 

encoding for fragment N (panel A). Alternatively, HCT116 isogenic cell lines were 

transfected with GFP-expressing plasmid together with empty pcDNA3 or with 

pcDNA3 encoding fragment N (panel B). Forty-eight hours following the infection 

or transfection step, cells were treated with 5 ng/ml FasL for 18 hours and 

apoptosis was scored. 

Figure 3. Akt2 cannot rescue fragment N-mediated protection in Akt1 KO cells. A. 

The indicated cells were infected with viruses expressing either Akt1 or Akt2. 

Forty-eight hours after, the cells were lysed and the expression levels of each 

isoform were assessed by using isoform specific antibodies by Western blot. B. 

The indicated cells were infected with an empty lentivirus or a lentivirus encoding 

for fragment N. Twenty-four hours later, the cells were infected with Akt1- or 

Akt2-expressing viruses. Forty-eight hours after this second infection, the cells 

were treated with FasL (5 ng/ml) and 18 hours later, apoptosis was scored. 
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