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Fig. S1. Abundance of the three Akt isoforms in spontaneously immortalized lung 

fibroblasts transduced with retroviral constructs of Akt1, Akt2, or Akt3 and in 

primary lung fibroblasts from wild type mice. Western blots of cell lysates were 

probed with the indicated Akt1-, Akt2-, or Akt3-specific antibodies. Tubulin was 

used as loading control. Protein bands were measured by densitometry. 
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Fig. S2. Heatmap of differentially expressed microRNAs in untreated and IGF1-

treated fibroblasts, expressing no Akt (TKO), or individual Akt isoforms. Red color 

indicates up-regulation, and blue color indicates down-regulation. The three 

panels show microRNAs that are upregulated or downregulated differentially in 

response to IGF1, in TKO and Akt1-expressing cells (upper panel), TKO and 

Akt2-expressing cells (middle panel), and TKO and Akt1-, Akt2-, and Akt3-

expressing cells (lower panel) (see also table S2). 
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Fig. S3. Validation of microRNA microarray data by SYBR Green Real-time RT-

PCR analysis in Akt1-, Akt2-, and Akt3-expressing fibroblasts. After overnight 

serum starvation cells were treated with IGF1 (50 ng/ml) and harvested 1, 4, or 

16h later. This figure shows IGF1-induced changes in abundance of 

representative examples of Akt-regulated microRNAs. (A) Quantitative 

differences in the downregulation of miR-149 by IGF1, in TKO and Akt1, Akt2, or 

Akt3-expressing immortalized lung fibroblasts. (B). Quantitative and qualitative 
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differences in the regulation of miR-27a, miR-20a, miR-16, miR-34a, miR-433 

and miR-10b by IGF1, in immortalized lung fibroblasts engineered to express 

Akt1, Akt2 and Akt3.  

The data in A and B validate the microRNA microarray data and confirm the 

dynamics of microRNA expression during IGF1 treatment in cells expressing 

different Akt isoforms. 
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Fig. S4. Abundance of miR-200a and miR-200c in spontaneously immortalized 

lung fibroblasts from Akt1fl/fl/Akt2-/-/Akt3-/- mice transduced with MigR1-GFP 

constructs of Akt1, Akt2, or Akt3 and MigR1-RFP-Cre. The abundance of miR-

200a and miR-200c was measured 16 hours following IGF1 treatment (50 ng/ml), 

by real time RT-PCR. MiR-200 family members were downregulated upon IGF1 

treatment only in Akt2-expressing fibroblasts. The experiment was performed in 

triplicate and data are presented as mean ± SD. 
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Fig. S5. Downregulation of miR-200 microRNA family members in myrAkt2-

expressing cells. The abundance of miR-200a and miR-200c was measured by 

real time RT-PCR in serum-starved cells transduced with pBabe-puro-based 

constructs of myrAkt1, myrAkt2 or myrAkt3. Data are presented as mean ± SD. 
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Fig. S6. Akt1, Akt2 and Akt3 phosphorylation by IGF1 is not affected by 

overexpression of miR-200a, miR-200c, or miR-200a plus miR-200c. Akt1, Akt2 

and Akt3 expressing fibroblasts were transfected with control miR, miR-200a or 

miR-200c. After overnight serum-starvation, transfected cells were stimulated 

with IGF1 (50 ng/ml) for 10 min. Western blots of cell lysates were probed with 

the indicated phosphospecific antibodies. Tubulin was used as loading control. 

 

 

 

Fig. S7. TGFβ treatment (20 ng/ml) induces Akt phosphorylation (at Ser473) (A) 

in MCF10A mammary epithelial cells and (B) in murine lung fibroblasts 

expressing each of the three Akt isoforms. 
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Fig. S8. MCF10A cells have similar amounts of Akt1 and Akt2. Cells were 

transfected with control siRNA or siRNAs for Akt1 and Akt2 (50 nM) and were 

analyzed by real time RT-PCR for the expression of Akt1 and Akt2 using primers 

that detect both Akt1 and Akt2 but not Akt3. The Akt detected in cells transfected 

with siControl represents the total amount of Akt1 plus Akt2. This was set to a 

value of 1. The Akt detected in siAkt1 and siAkt2-transfected cells represents the 

total Akt2 or Akt1 respectively. Their values added together equal approximately 

1. Data are presented as mean ± SD. 
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Fig. S9. Akt1 and Akt2 have opposing effects on the induction of EMT. (A) Zeb2, 

similar to Zeb1 (Fig 2B), is increased in response to Akt1 knockdown and TGFβ 

treatment. Knockdown of Akt2 -not only does not induce Zeb2- but also abolishes 

the effects of the Akt1 knockdown. Real-time RT-PCR analysis showing the 

abundance of mRNA encoding Zeb2 in untreated and TGFβ-treated (20 ng/ml) 

MCF10A cells transfected with a control siRNA, or siRNAs targeting Akt1, Akt2, 

or Akt1 plus Akt2 (50 nM). The induction of Zeb2 was more robust in cells in 

which Akt1 was knocked down. (B) Whereas the knockdown of Akt1 decreases 
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the abundance of the mRNA encoding E-cadherin, the knockdown of Akt2 does 

not. Moreover, the knockdown of Akt2 abolishes the effects of the 

Akt1knockdown. Expression of E-cadherin in untreated and TGFβ-treated 

MCF10A cells transfected with control, Akt1, Akt2, or Akt1 plus Akt2 siRNAs, was 

examined by real-time RT-PCR. The experiments were performed in triplicate 

and data are presented as mean ± SD. 
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Fig. S10. The knockdown of Akt1 enhances cell motility, whereas the knockdown 

of Akt2 does not. Furthermore, the knockdown of Akt2 abolishes the effects of 

Akt1 knockdown on cell motility. Cell motility was measured via transwell 

migration assays on (A) BT474 and (B) MCF-7 cells 24h after transfection with 

control, Akt1, Akt2, or Akt1 plus Akt2 siRNAs. The experiments were performed 

in triplicate and data are presented as mean ± SD. 
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Fig. S11. Genomic localization of miR-200 family members. miR-200b, miR-200a 

and miR-429 map in a cluster on chromosome 1, and miR-200c and miR-141, 

map in a second cluster on chromosome 12. The genomic localization of the 

miR-200 microRNA family members was determined, using the UCSC Genome 

Browser (version Mar. 2006). Comparative analysis of the miR-200 family in 

vertebrates suggests high conservation of the clustering and of their seed 

sequences. 
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Fig. S12. The knockdown of Akt1 decreases the abundance of all the members 

of the miR-200 microRNA family. Real time RT-PCR shows that the knockdown 

of Akt1 promotes the decrease of all the members of the miR-200 microRNA 

family in MCF10A cells treated with TGFβ (20 ng/ml for 24 hours). Knockdown of 

Akt2 -not only does not downregulate the miR-200 microRNAs- but also 

abolishes the effects of Akt1 knockdown. The experiments were performed in 

triplicate and data are presented as mean ± SD. 
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Fig. S13. The abundance of miR-200a, and the mRNAs encoding Zeb1, and 

Zeb2 in MCF10A cells transfected with Akt1 siRNA, returned to the 

pretransfection values as the effects of the Akt1 siRNA on Akt1 abundance 

wane. Time course analysis by real-time RT-PCR of the levels of miR-200a, 

Zeb1 and Zeb2 in MCF10A cells transfected with Akt1 siRNA and treated with 

TGFβ. 
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Fig. S14. Expression of Akt1 and Akt2 in adherent and non-adherent MCF10A 

cells treated with siRNAs for Akt1 and/or Akt2 (harvested on the 6th day of culture 

at passage 5). Mammosphere cells continue to show low amounts of Akt1 and/or 

Akt2, six days after transfection of the corresponding siRNAs. Beta actin levels 

were used as the loading control.   
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Fig. S15. E-cadherin and Vimentin mRNA abundance in MCF10A cells, 

harvested at consecutive days of culture in suspension. Cells were transfected 

with Akt1 siRNA and were cultured in media containing TGFβ (20ng/ml). Cells at 

day 0 are adherent cells.   
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Fig. S16. MMTV-cErbB2-induced mammary adenocarcinomas express miR-

200c and E-cadherin. (A) Microphotographs at 10X magnification, of Hematoxylin 

and Eosin (H and E) stained sections of a primary tumor (upper panel); in situ 

hybridization of a section from the same tumor, probed with scrambled miR (Left 

middle panel) or miR-200c (Right middle panel); DAPI (4',6-diamidino-2-

phenylindole) and E-cadherin-stained tumor sections (Left and right lower panels 

respectively). Comparison of the in situ hybridization of scrambled miR and miR-

200c revealed that miR-200c hybridizes specifically with MMTV-cErbB2-induced 

adenocarcinomas. (B) 40X magnification of the H and E stained (upper panel), 

miR-200c-hybridized and DAPI-stained (middle panel) and E-cadherin-stained 

section (lower panel) of an MMTV-cErbB2-induced mammary adenocarcinoma 
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(C) 100X magnification of overlapping images of a section of a primary MMTV-

cErbB2-induced mammary adenocarcinoma, hybridized with miR-200c and 

stained with DAPI and E-cadherin. E-cadherin staining is localized at the plasma 

membrane, while miR-200c is localized in the cytoplasm.   

 

 

 

Fig. S17. MMTV-cErbB2/Akt1-/- mammary adenocarcinomas have more Zeb1 

and Vimentin and less E-cadherin than mammary adenocarcinomas developing 

in MMTV-cErbB2/Akt1+/+ and MMTV-cErbB2/Akt2-/- mice. Western blots of 

primary tumor cell lysates were probed with the indicated antibodies and protein 

abundance was quantified using the Scion Image analysis software. The quantity 

of each protein is expressed as the ratio of the protein to tubulin. In tumors 

arising in wild type mice, the ratio was arbitrarily set to 1 (n=3 mice per group). 
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Supporting Tables 
 

 

microRNA AKT1 AKT2 AKT3 Function Ref. 

miR-27a -1.76 -5.23 -2.43 Cell cycle (1) 

miR-149 -2.34 -3.56 -4.35 Oncogenic (2) 

miR-145 2.23 4.56 5.11 Insulin Receptor substrate (IRS1) target (3) 

miR-20a 0 -3.24 -2.54 Cell cycle (4) 

miR-17-5p 0 -3.12 -4.18 Cell cycle (5) 

miR-375 0 -2.25 -3.13 Phosphoinositide-Dependent Kinase 1 (PDK1) target (6) 

miR-15 -2.13 0 -4.23 B-Cell Lymphoma 2 (BCL2) target (7) 

miR-16 -2.45 0 -3.55 BCL2 target (7) 

miR-455 -3.65 0 -2.12 Adipocyte differentiation (8) 

miR-34a -2.54 2.56 4.86 cell cycle-protein 53 (p53) (9) 

miR-34b -2.88 2.87 4.31 cell cycle-p53 (9) 

miR-34c -2.53 2.52 3.87 cell cycle-p53 (9) 

miR-200a 0 -3.05 0 EMT (10, 11)

miR-200b 0 -3.46 0 EMT (10, 11)

miR-200c 0 -5.43 0 EMT (10, 11)

miR-141 0 -5.23 0 EMT (10, 11)

miR-429 0 -3.32 0 EMT (10, 11)

miR-449 0 -3.4 0 Endometrioid carcinoma (12) 

miR-433 0 2.12 0  Estrogen-Related Receptor gamma (ERRgamma) pathway (13) 

miR-532 0 2.34 0 Unknown  

miR-331 -2.45 0 0 Suppressor Of Cytokine Signaling 1 (SOCS1) target (14) 

miR-365 -2.13 0 0 Ultraviolet B (UVB) irradiation (15) 

miR-10b -2.13 4.32 2.37 Metastasis (16) 
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Table S1. The microRNA signatures of immortalized lung fibroblasts expressing 

a single Akt isoform at a time and responding to IGF1 differ. Cells were treated 

with IGF1 and they were harvested 16 hours later. The numbers indicate 

differences in abundance between unstimulated and IGF1-stimulated cells. 

MicroRNAs that changed in the same direction following IGF1 treatment of cells 

carrying any one of the three isoforms were clustered in groups, highlighted by 

different colors (column 1). Red indicates upregulation and blue downregulation 

(columns 2-4).  
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miR TKO Akt1 

miR-20a -3.21 0 
miR-17-5p -3.69 0 
miR-375 -1.85 0 
miR-34a 4.56 -2.54 
miR-34b 4.11 -2.88 
miR-34c 3.97 -2.54 
miR-365 0 -2.13 

 
miR TKO Akt2 

miR-200a 0 -3.05 
miR-200b 0 -3.46 
miR-200c 0 -5.43 
miR-141 0 -5.23 
miR-429 0 -3.32 
miR-449 0 -3.4 
miR-433 0 2.12 
miR-532 0 2.34 
miR-15 -4.76 0 
miR-16 -4.32 0 
miR-455 -3.21 0 

 
miR TKO Akt1 Akt2 Akt3 

miR-27a -1.88 -1.76 -5.23 -2.43 
miR-149 -4.12 -2.34 -3.56 -4.35 
miR-331 -3.26 -2.45 0 0 
miR-145 0 2.23 4.56 5.11 
miR-10b 0 -2.13 4.32 2.37 

 
 
Table S2. Comparison of the microRNA signatures of triple Akt knockout (TKO) 

lung fibroblasts, and their derivatives expressing Akt1, Akt2 or Akt3. Cells were 

treated with IGF1 and harvested 16 hours later. The numbers indicate 

differences in abundance between unstimulated and IGF1-stimulated cells. The 

three panels show microRNAs which are upregulated (red) or downregulated 

(blue) differentially in response to IGF1, in TKO and Akt1-expressing cells (upper 
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panel), TKO and Akt2-expressing cells (middle panel) and TKO and Akt1, Akt2 

and Akt3-expressing cells (lower panel) (see fig S2). 
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