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ABSTRACT 

 

Oncogene-induced senescence (OIS) is a cellular response that limits the 

replication of cells expressing oncogenes. As a result, OIS is a potent tumor 

suppressor mechanism limiting cancer progression. Here we describe IMR90 

ER:RAS, a widely used model to study OIS in cell culture. This model takes 

advantage of IMR90 human primary fibroblast infected with a 4-hydroxi-

tamoxifen (4-OHT) inducible ER:RAS construct. RAS activation upon 4-OHT 

treatment results in a coordinated induction of senescence, recapitulating 

different aspects of the phenotype such as the growth arrest and the 

establishment of a senescence-associated secretory phenotype (SASP).  
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1. Introduction  

 

Senescence is a stable cell cycle arrest induced in response to replicative 

exhaustion or a range of stresses that include exposure to chemotherapeutic 

drugs or aberrant oncogenic signalling (1). Senescent cells also undergo 

distinct phenotypic changes, including changes in morphology, metabolism and 

chromatin reorganization (2). In addition, senescent cells secrete a combination 

of factors collectively termed the senescence-associated secretory phenotype 

(SASP) or senescence-messaging secretome (SMS) (3, 4).  

Senescent cells accumulate with age (5, 6) and are found in fibrotic tissue (7) 

and are associated with many diseases (8). In particular, cells undergoing 

oncogene-induced senescence (OIS) are enriched in preneoplastic lesions (9), 

suggesting that OIS is a failsafe mechanism limiting tumor progression. Whilst 

OIS constitutes a barrier to cancer development, cells can evolve mechanisms 

to overcome this, and most tumours develop mutations in critical senescence 

growth arrest effectors such as TP53 or CDKN2A, making escape from 

senescence a hallmark of cancer (10).  

Given the protection senescence offers from cancer, understanding the 

mechanisms by which tumours evade this critical barrier are key to 

understanding the evolution of malignant transformation, as well as identifying 

therapeutic vulnerabilities that can be exploited in the search for new cancer 

therapies. While the in vivo role of OIS has been eloquently demonstrated in a 

number of settings, many important mechanistic discoveries have relied on 

analysing the senescence phenotypes in cell culture. Ectopic expression of 

oncogenes such as BRAF or RAS induces senescence in multiple cell types 
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such as fibroblast, melanocytes, hepatocytes or different epithelial cells (11-

15). Therefore, the development of inducible models of OIS allows for a better 

understanding of the temporal engagement of senescence-associated 

phenotypes. In this regard, we and others have taken advantage of IMR90 

ER:RAS to unravel key mechanistic pathways (16-19). In this system, IMR90 

human primary fibroblasts are infected with a vector expressing an ER:RAS 

fusion (20). In this construct H-RASG12V is fused to a mutant form of the 

oestrogen receptor (ER) ligand binding domain. Activation of RAS upon 4-

hydroxy-tamoxifen (4-OHT) treatment causes IMR90 ER:RAS cells to undergo 

senescence (16-19). IMR90 ER:RAS cells treated with 4-OHT become growth 

arrested and induce other senescence-associated phenotypes in a coordinated 

fashion, making this system an optimal tool to study senescence. 
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2. Materials 

 

2.1 Cells and tissue culture 

1. IMR90 human fetal lung fibroblasts (ATCC). 

2. HEK293T cells (ATCC, see note 1). 

3. Dulbecco’s Modified Eagle Media (DMEM), high glucose (note 2) 

4. Complete media: Dulbecco’s Modified Eagle Media (DMEM), high glucose, 

supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic-

antimycotic, hereafter referred to as complete media. 

5. Culture conditions: Humidified incubator at 37°C with 5% carbon dioxide. 

 

2.2 DNA/Vectors 

1. pLNC-ER:RAS as previously described (18) (Addgene). 

2. pLXSN-Control vector (Clonetech). 

3. pVSVg (encoding the G protein of the Vesicular Stomatitis Virus, envelope 

gene, Clontech). 

4. pNGVL gag-pol (encoding gag (group antigen polyprotein) and pol (reverse 

transcriptase) genes.  

 

2.3 Transfection and Retroviral Infection Reagents 

1. 1mg/ml 25 kDa linear polyethylenimine (PEI) (Polysciences). Dissolved to 

1mg/ml in water heated to 80°C (dissolution will not occur at lower 

temperatures) then allow solution to cool. Adjusted to pH 7.0 (with 1M 

hydrochloric acid) and sterilise by filtration through a 0.2μM cellulose acetate 

filter (Gilson, note 3). 
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2.  0.45μm cellulose acetate membrane filter (VWR international) 

3. 8mg/mL Polybrene (hexadimethrine bromide, Sigma). 

 

2.4 Antibiotic and 4-Hydroxytamoxifen Reagents 

1. 50mg/ml Neomycin solution (Genetecin, G418, Gibco by Life Technologies), 

final concentration 400μg/ml for selection-dose, 200μg/ml for maintenance-

dose. 

2. 100 mM 4-Hydroxytamoxifen in DMSO (4-OHT, Sigma), final concentration 

100nM for Ras induction.  

 

2.5 Senescence marker reagents 

1. 0.5% Glutaraldehyde solution (Sigma, prepared in water or PBS). 

2. 0.2% Crystal violet solution (Sigma). 

3. 1mM MgCL2 in Phosphate buffered saline (PBS) adjusted to pH6.0 with 1M 

hydrochloric acid. 

4. N,N-dimethlformamide (Sigma). 
 
5. 40mg/ml X-gal (Promega) dissolved in N,N-dimethylformamide. 

6. Senescence-associated beta-galactosidase staining solution: 1mg/ml X-gal 

(Promega, note 4), 5 mM K3[Fe(CN)6] and 5 mM K4[Fe(CN)6], in PBS with 

1mM MgCL2  pH 6.0. (Note 4) 

7. 4% Paraformaldehyde (Sigma) solution, diluted in PBS. 

8. 50 mM BrdU solution (Sigma), final concentration 50μM. 
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3. Methods 

 

3.1. Viral production and stable infection of IMR90 cells. 

1. One day prior to transfection, seed HEK293T cells in a 10 cm tissue culture 

dish in order to achieve a confluence of 70-80% the next day (notes 5, 6 and 7, 

Figure 1). Seed one plate of HEK293T cells for each planned infections (i.e. 

one for pLNC-ER:RAS and one for pLXSN-control vector, or multiples thereof). 

2. Make a transfection mix for each planned transfection containing 20 μg of 

retroviral vector plasmid (pLNC-ER:RAS, pLXSN-control vector), 8μG of 

Gag.pol packaging plasmid, 2 μG of VSVg envelope protein plasmid,  75μG of 

PEI (75μL of 1mg/ml stock solution), and 800 μL of DMEM (without any 

supplements).  

3. Vortex the transfection mixes briefly and incubate for 30 minutes at room 

temperature. 

4. During the incubation, replenish the media of HEK293T cells with 10ml of 

fresh, complete media. 

5. Add the transfection mix to the 70-80% confluent HEK293T in a drop-wise 

fashion, taking care not to dislodge the adherent cells from the dish (note 8).  

6. After 16 hours remove the media containing the transfection mix from the 

HEK293T cells and replenish with fresh complete media (note 9). 

7. 24 hours after the transfection, seed IMR90 cells in order to achieve a 

confluence of 50-60% the following day (note 10). 

8. 24-30 hours after transfection (8-14 hours after step 6), replenish the 

HEK293T cells media with 6ml complete media (concentrating the viral-particle-

containing media from 10ml to 6ml). 
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9. 36-48 hours after transfection (approximately 12 hours after step 8), collect 

the 6mL of viral particle-containing media from the HEK293T cells, and filter 

using a 0.45μm cellulose acetate membrane filter in order to prevent 

contamination of the viral particle-containing media with HEK293T cells. 

Replenish the HEK293T cells with 6ml of fresh complete media.   

10. Complement the 6ml of viral particle-containing media with 3μL of 8mg/ml 

polybrene (final concentration 4μg/ml). 

11. Change the media of IMR90 cells for the 6ml of polybrene-supplemented 

virus-containing media. 

12. After 3 hours repeat the infection process (from step 9). 

13. Repeat the infection process one further time (from step 9), to a total of 3 

rounds of infection.  

14. Following the third round of infection, the HEK293T cells can be disposed 

of after decontamination in line with local protocols.  

15. After 3 hours remove the viral particle containing media from the IMR90 

cells and replenish with 10ml of complete media. 

 

Figure 1 shows a schematic overview of the process of stable infection, and 

stock cell generation. 

 

3.2 Antibiotic selection and generation of a stock of IMR90 ER:RAS cells 

1. 48-72 hours after completion of the infection protocol, once the IMR90 cells 

have reached 80-90% confluence, they should be passaged, splitting them 

using a 1:4 ratio. At this point, add selection-dose neomycin (400μG/mL) to 
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select for cells expressing the pLNC-ER:Ras and pLXSN-Control Vector 

plasmids (note 11).  

2. During neomycin selection, care should be taken to prevent IMR90 ER:Ras 

cells reaching confluence. Standard passaging protocols should be adhered to, 

splitting cells 1:4 upon reaching sub-confluence.   

3. Once selection is complete, the inducible IMR90 ER:RAS cells have the 

neomycin dose reduced to 200μG/ml (maintenance-dose), and can continue to 

be passaged in order to expand them to generate a cell stock. Once sufficient 

numbers of cells have been generated, these can be frozen and stored in liquid 

nitrogen vapors (or for short periods at -80°C, note 12).  

 

3.3 Induction of oncogene-induced senescence 

1. Seed cells at the preferred density, 1 day prior to induction, in complete 

media containing maintenance-dose neomycin (see sections 3.1.1-3.1.4 below 

for relevant seeing densities and conditions, note 13). 

2. 24 hours after seeding, or once cells have attached to the culture dish, 

replace the media with complete media containing maintenance-dose 

neomycin, and either 100nM 4-OHT to induce Ras activity or the equivalent 

volume of DMSO in the non-induced control.  

3. The assay endpoint will vary depending on the senescence markers being 

tested (see sections 3.3.1 to 3.3.4 below) 

4. While the IMR90 ER: RAS system allows for direct comparison between 4-

OHT and DMSO (control, non-senescent cells, Figure 2), it is important to 

compare also with pLXSN vector-infected IMR90 cells to account for 4-OHT-

mediated effects.  
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3.3.1 Colony formation assay 

1. Seed cells in 10cm tissue culture dishes at a density of 1x105 cells per dish, 

1 day prior to induction, in complete media containing maintenance-dose 

neomycin, being careful to equally distribute the cells in the dish. 

2. 24 hours after seeding, replace the media with complete media containing 

maintenance-dose neomycin and either 4-OHT or DMSO. 

3. Replenish the media as above every 3 to 4 days. 

4. Once the control (DMSO) plate has reached confluence (typically 12-14 

days), carefully wash the plates with 5-10ml of PBS, then fix the cells for 15 

minutes in 5ml of 0.5%glutaraldehyde at room temperature. 

5. Wash the plates twice with water and allow to air dry. 

6. Stain the plates with 5ml of 0.5% crystal violet solution for 1 hour at room 

temperature.  

7. Carefully remove and recycle the crystal violet solution. 

8. Wash the plates twice with tap water and allow to air dry. 

 

3.3.2 Population doubling times  

1. Seed cells in 10cm tissue culture dishes at a density of 5-6x105 per dish, 1 

day prior to induction, in complete media containing maintenance-dose 

neomycin. 

2. 24 hours after seeding, replace the media with fresh complete media 

containing maintenance-dose neomycin, supplemented with 4-OHT or DMSO 

(control). 

3. Replenish the media every 3-4 days as above. 
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4. Once the control cells (non-induced, DMSO treated) cells reach sub 

confluence, trypsinise and count. 

5. Continue to culture the cells, always seeding at the same density, trypsinising 

and counting when the control cells reach sub-confluence.  

6. Population doublings in each passage can be calculated using the following 

formula: PD = log2 (final cell number/initial cell number) 

 

3.3.3 Senescence associated β-galactosidase staining 

1. The day before induction, seed cells in 6 well tissue culture dish at a density 

of 2-3x104 per well in complete media containing maintenance-dose neomycin. 

2. 24 hours after seeding, replace the media with complete media containing 

maintenance-dose neomycin and either 4-OHT or DMSO (control).  

3. Replenish the media as above every 3 to 4 days. 

4. Once the senescence morphology is observed (approx. day 7-8), wash each 

well twice with 3ml of PBS then fix for 15 minutes in 2ml of 0.5% glutaraldehyde 

at room temperature. 

5. Wash the plates twice with 3ml of PBS containing 1mM MgCl2 adjusted to 

pH 6.0. 

6. Incubate the cells for 8-24 hours with senescence-associated beta-

galactosidase staining solution at 37°C with gentle agitation, protected from 

light. 

7. Observe the staining under direct light microscopy and remove the X-gal 

solution once the senescent cells have stained a deep blue color, then wash 

the cells twice in water (note 14).   
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3.3.4 BrdU Incorporation assay 

1. Seed cells in a 96 well tissue culture plate at a density of 2x103 cells per well 

in complete media with maintenance-dose neomycin (note 15), or at an 

equivalent density in a receptacle amenable to immunofluorescence with local 

protocols. 

2. 24 hours after seeding, replace the media with complete media containing 

maintenance-dose neomycin and either 4-OHT or DMSO (control).  

3. 16 hours prior to the selected time point (e.g. day 4, 5 6 etc, see figure 2), 

supplement the media of the cells with BrdU to a final concentration of 50 μM.  

4. 16 hours after the addition of BrdU fix the cells, as per immunofluorescence 

protocol (using either 4% paraformaldehyde or methanol). 

5. Stain and acquire immunofluorescence images as per local 

immunofluorescence protocol. 
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4. Notes 

1. HEK293T cells are human embryonic kidney cells expressing the SV40 large 

T antigen. This cell line is competent to replicate vectors carrying the SV40 

region of replication and is engineered to give high retroviral titres. 

 

2. DMEM (without any supplements) is only required for use in the transfection 

mix. At all other times DMEM is used supplemented with 10% FBS and 1% 

antibiotic-antimycotic. 

 

3. The transfection efficacy of each batch must be verified prior to use (with a 

test transfection/infection), it is therefore typical to prepare batches of 50ml or 

more that can be aliquoted and stored for long periods at -20°C. 

 

4. X-gal, in powder form, is initially dissolved in N,N-dimethylformamide to a 

concentration of 40mg/mL, then diluted in the senescence-associated beta 

galactosidase staining solution to a final concentration of 1mg/ml. 

 

5. HEK293T cells are an adherent cell line and require treatment with a 

dissociation solution (such as trypsin) to disperse them from the culture vessel. 

 

6. The wellbeing of the packaging cells (HEK293T) is critical to efficient virus 

production. Attention must be paid to the care of HEK293T cells, and prolonged 

periods of culture at confluence should be avoided. It is pertinent to generate 

large stocks of healthy, carefully maintained HEK293T with reproducible virus 

production dynamics in order to minimise batch-to-batch variation in virus 
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generation. These cells can be stored for extended periods in liquid nitrogen 

vapour.  

 

7. The number of cells needed to achieve 70-80% confluence the following day 

will vary depending on the growth rate of the HEK293T, which in turn with vary 

with individual culture conditions (i.e. FBS batch, antibacterial-antimycotic 

culture choice etc) but will typically require 5-8x108 cells per 10cm dish. 

 

8. Once the HEK293T cells have been transfected, they will start producing 

retrovirus that is released into their media. It is therefore imperative that from 

this point onwards the media must be considered to contain active retrovirus 

and treated with the necessary biological containment dictated by the terms of 

your biological safety protocols.  

 

9. Exposing cells to PEI for prolonged periods will result in toxicity and cell 

death. The transfection mix should therefore be removed once transfection has 

occurred.  

 

10. In order for cells to be infected by a retrovirus, they must be active 

proliferating during exposure to the virus. It is therefore critical that the IMR90 

cells are seeded at a density that is sufficient to avoid unnecessary stress (such 

as that seen when cells are excessively sparse) whilst maintaining sufficient 

space for growth to avoid any contact inhibition. These conditions will vary 

depending on the passage of the cells, and the culture conditions (such as the 

batch of FBS). Typically during generation of IMR90 ER:RAS stock cells we 
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use early passage IMR90 (passage 8 or 9) and seed at a density of 1x106 per 

10cm dish.  

 

11. Complete neomycin selection typically requires 7-10 days, and it is 

imperative to have a non-infected ‘kill plate’ control. Selection can only be 

considered complete when all cells in the ‘kill plate’ are dead. 

 

12. It is recommended to use early passage IMR90 for the generation of iRAS 

cells. Typical conditions would use passage 8 or 9 IMR90 for infection to 

produce a stock of frozen passage 12 IMR90 ER:RAS. IMR90 ER:RAS will 

eventually undergo replicative senescence. Therefore, we typically used them 

between passage 12 and 16. 

 

13. Following initial neomycin selection (400μg/mL), it is important to continue 

a maintenance-dose (200μg/mL) to maintain selective pressure. This is 

particularly important in the setting of OIS as escaping colonies may rapidly 

outgrow senescent cells, diluting the contribution of senescent cells. 

 

14. The incubation time with senescence-associated beta-galactosidase 

staining solution will vary, and care should be taken not to over-stain cells as 

background staining will appear in control (non-senescent) cells causing 

difficulty in quantification and interpretation of results. 

 

15. The 96 well plate format, with these densities is most suitable for high 

throughput microscopy (e.g. In Cell 2000 Analyser, GE Healthcare). Tissue 



Innes and Gil  IMR90 ER:RAS: an OIS model 

	 16	

culture plate choice and seeding densities should be optimised depending on 

the equipment and experimental settings. It is critical that cells are seeded at 

densities sufficient to avoid inadvertently over-stressing the cells (as may 

happen in overly sparse conditions), while allowing sufficient space to avoid 

contact inhibition by overgrowth of control cells at later (day 4 onwards) time 

points.     
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FIGURE LEGENDS 

 

Figure 1. Workflow overview of generation of IMR90 ER:Ras cells. HEK293T cells are transduced with the indicated vectors to 

generate viral supernatant. This viral supernatant is used to infect IMR90 cells and after selection and expansion this will generate a 

stock of IMR90 ER:RAS cells. Activation of the ER:RAS fusion protein by 4-OHT treatment will induce senescence. 

 

Figure 2. Senescence induction in IMR90 ER:RAS cells. 

A. Schema representing the typical induction of several markers of senescence upon induction of IMR90 ER:RAS cells with 4-OHT. 

B. Representative low density colony formation assay demonstrating the growth arrest 12 days after induction of senescence with 4-

OHT, with representative pictures showing the relevant senescence markers 5 days (7 days in the case of senescence-associated 

beta-galactosidase, SA-β-gal) after 4-OHT treatment. 

 

 

 


