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Reprogramming Somatic Cells in Extract of 

Undifferentiated Carcinoma Cells 
 

Protocol 
1. Introduction 
The direct conversion of a differentiated cell type into another differentiated cell type or into a 

pluripotent cell would present technological, medical and societal benefits. Altering cell fate would be 

beneficial for producing isogenic replacement cells for treatment of a variety of life-threatening diseases. 

It would also alleviate limitations of current cell therapeutic approaches resulting from graft rejection, 

use of immunosuppressants and safety and ethical issues raised by the use of cells of embryonic, fetal or 

animal origin. A variety of approaches for manipulating cell fate are being investigated (1). These 

include transgenesis, co-culture of two different cell types, reprogramming nuclear function by 

transplantation of somatic nuclei into eggs (cloning) (2-5) or fusion of a somatic cell with a pluripotent 

cell (6,7).  
We are also developing an in vitro approach for directly turning one somatic cell type into 

another (Figure 1). The system relies on the transient uptake of regulatory components from a nuclear 

and cytoplasmic extract derived from a “target cell” by the nucleus of a reversibly permeabilized cell 

(referred to as the “donor cell”) (8,9). Reprogramming extracts are prepared by sonication of a target cell 

type and sedimentation of the coarse material. The supernatant, or extract, provides nuclear regulatory 

factors that mediate alterations in the gene expression profile of the donor cell, and cytoplasmic 

components required to promote import of the nuclear factors into the donor cell nucleus (9). At the end 

of incubation in the extract, the donor cell is resealed and cultured to assess expression of target cell-

specific markers and the establishment of target cell-specific functions.  

Using this system, we have reported a partial reprogramming of 293T cells with a Jurkat T cell 

extract, to take on properties of T cells. Reprogramming was illustrated by induction of 293T cell 

chromatin remodeling, induction of expression of an array of hematopoietic cell-specific genes, down-

regulation or repression of genes expressed in fibroblasts, expression of T cell-specific surface antigens 

and establishment of T cell regulatory functions (8). The new phenotypes were shown to persist for 

several months in culture, arguing that some reprogramming of nuclear function had taken place. More 
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recently, extracts of rat cardiomyocytes were shown to elicit the differentiation of human adipose tissue 

stem cells (ATSCs) towards a cardiomyocyte phenotype (10). Because cell extracts can easily be 

manipulated, they constitute a tool for investigating mechanisms of nuclear reprogramming, at least as 

they take place in vitro. 

 This protocol describes procedures for directing the program of a model human cell line, 293T 

epithelial kidney cells towards a more pluripotent state. The methods describe (1) the preparation of 

cells to be reprogrammed (the “donor” cells), (2) the preparation of nuclear and cytoplasmic extracts, (3) 

the permeabilization of the donor cells, (4) the set up of the reprogramming reaction, and (5) the 

resealing of the cells.  The procedures are described with a focus on donor cells, 293T cells, and as 

source of extract, undifferentiated human carcinoma NCCIT cells. Notwithstanding adjustments, the 

procedures can in principle be applied to other donor and target cell types.  

 

2. Materials  
1. Cells: donor and target cell type to be used is the investigator’s choice. We have used 293T cells 

as donor cell type and NCCIT embryonal carcinoma cells as target cell type. 

2. Poly-L-lysine (cat. no. P8920, Sigma-Aldrich Co.; St. Louis, MO). 

3. Phosphate buffered saline (PBS). 

4. Antibiotics: penicillin-streptomycin mix (100x solution) (cat. no. 15140-122, Gibco-BRL; 

Paisley, UK). 

5. L-Glutamine (200 mM) (cat. no. 25030-024; Gibco-BRL). 

6. Non-essential amino acids (NEAA, 100x solution) (cat. no. 11140-036M, Gibco-BRL). 

7. Sodium pyruvate (100 mM) (cat. no. 11360-039; Gibco-BRL). 

8. RPMI-1640 medium (cat. no. R0883, Sigma). 

9. Fetal Calf Serum (cat. no. 10106169, Invitrogen). 

10. Hanks Balanced Salt Solution (HBSS; cat. no. 14170-088, Gibco-BRL).   

11. Protease inhibitor cocktail (cat. no. P2714, Sigma). This is a 100x stock solution. Aliquoted and 

stored at -20°C. 

12. Cell lysis buffer: 50 mM NaCl, 5 mM MgCl2, 100 mM HEPES, pH 8.2, 1 mM dithiothreitol 

(DTT), 0.1 mM phenylmethylsulfonyl fluoride (PMSF) and protease inhibitor cocktail. Prepare 

fresh and maintain on ice until use. 
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13. Streptolysin O (cat. no. S5265, Sigma): 100 µg/ml in sterile-filtered H2O, dispensed in 10-µl 

aliquots and frozen at -20°C. Stock should not be older than one month. 

14. 1 M CaCl2 (cat. no. C4901, Sigma) in sterile H2O. 

15. ATP (cat. no. A3377, Sigma): 200 mM in H2O, aliquoted and stored at -20°C. 

16. Creatine kinase (cat. no. C3755, Sigma): 5 mg/ml in H2O, aliquoted and stored at -20°C. 

17. Phosphocreatine (cat. no. P7936, Sigma): 2 M in H2O, aliquoted and stored at -20°C. 

18. GTP (cat. no. G8877, Sigma): 10 mM in H2O, aliquoted and stored at -20°C. 

19. Nucleotide triphosphate (NTP) set (cat. no. 1277057, Roche; Basel, Switzerland). Prepare a 

stock solution by mixing 20 µl of each NTP in the set at a 1:1:1:1 ratio on ice. Aliquot in 10 µl 

and store at -20oC. This makes an NTP mix at 25 mM of each NTP. Prepare more stock solution 

as needed. 

20. Texas red-conjugated 70,000 Mr dextran (cat. no. D1830, Invitrogen).  

21. Pulse sonicator fitted with a round 3-mm diameter probe (Model Labsonic M, B. Braun Biotech 

International; Melsungen, Germany).  

22. Cell incubator set at 100% humidity, 37oC and 5% CO2 in air. 

23. 50-ml and 15-ml plastic conical tubes (Corning; Corning, NY). 

24. 1.5-ml centrifuge tubes. 

25. 24- and 48-well cell culture plates (Corning). 

 

3. Methods 

3.1. Seeding donor cells 
On the day prior to reprogramming reaction, plate donor cells in their regular culture medium. 293T 

cells are cultured in RPMI-1640 supplemented with 10% FCS, 2 mM L-glutamine, 1 mM sodium 

pyruvate, 1:100 dilution of non-essential amino acids (NEAA). Cells should be seeded to reach a 

confluency of ~50% on day of use for reprogramming (293T cells, fibroblasts). As doubling time varies 

between cell types, seeding concentration is also cell type-dependent.  

 

3.2. Preparation of the reprogramming extract 
We prepare extracts from cells in exponential growth phase to benefit from maximum transcriptional 

activity. Cells are harvested as per standard procedure. If trypsin is used, it should immediately be 

inactivated by addition of 10 volumes of complete culture medium to the cell suspension.  
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3.2.1. Cell collection 

1. Transfer the cells into 50-ml conical tubes and sediment the cells at 300 g for 10 min at 4oC. 

2. Wash the cells twice in ice-cold PBS by suspension and sedimentation at 300 g for 10 min at 

4oC. The cells can be pooled into a single tube after the first wash in PBS. 

 

3.2.2. Swelling of the cells 

1. Resuspend the cells in 10 ml ice-cold cell lysis buffer containing DTT and PMSF. It is preferable 

to use a graduated 15-ml conical tube to evaluate the volume of the cell pellet after 

sedimentation. 

2. Centrifuge at 300 g for 10 min at 4oC. 

3. Estimate cell pellet volume. Resuspend cells into, as a rule, one volume of ice-cold cell lysis 

buffer containing DTT, PMSF and protease inhibitor cocktail.  Aliquot the cell suspension into 

1,5 ml tubes, with 200 µl per tube. 

4. Hold cells on ice for 30-45 min to allow swelling. Swelling facilitates cell lysis during 

sonication. Keep cells suspended by occasional tapping of the tube.  

 

3.2.3. Extract preparation 

The procedure described to prepare nuclear and cytoplasmic extracts is similar for any cell type we have 

used. Only adjustments in sonication time and power might be necessary (see Step 1).  

1. Sonicate each tube on ice until all cells and nuclei are lysed. Lysis is assessed by complete 

disruption of cells and nuclei as judged by phase contrast microscopy. Once lysis is achieved, 

keep the tube on ice and proceed with the other tubes. Power and duration of sonication vary 

with each cell type. For NCCIT cells, sonication at 30% amplitude and 0.4-sec pulse cycle for 40 

sec is recommended when using the Labsonic M sonicator. For 293T cells, we use 30% 

amplitude, 0.4-sec pulses over 1 min 30 sec. Occasionally, it may be necessary to sonicate for 

another 20-30 sec. It is important to keep the tubes on ice while sonicating. To keep the lysate 

cold it is necessary to sonicate in intervals of 30 sec. and wait for 30 sec. 

2. Pool all cell lysates into one or more pre-chilled 1.5-ml centrifuge tubes. Sediment the lysate at 

15,000 g for 15 min at 4°C in a fixed-angled rotor. 
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3. Carefully collect the supernatant (the extract) with a 200-µl pipette and transfer into a new 1.5-

ml tube chilled on ice. Make sure to mix all the extract before aliquoting it (see step 4). The 

pellet is discarded.  

4. Aliquot the extract into 200-µl tubes such as those used for polymerase chain reaction, with 100 

µl extract per tube. Snap-freeze each tube in liquid N2 and store at -80°C. We recommend, 

however, carrying out reprogramming reactions with freshly made extract as stability of the 

extract -80oC may vary with cell types and batches. This has not been examined thoroughly to 

date and needs to be evaluated by the investigator. 

5. Following sedimentation in Step 3, remove 20 µl of extract to determine protein concentration, 

osmolarity and pH. Protein concentration should be ~30 mg/ml, osmolarity should be ~300 

mOsM and pH should be between 6.7 and 7.0 (Note 2).  

 

3.2.4. Assessment of extract toxicity 

Each new batch of extract requires a cell toxicity test. The assay is based on the microscopic evaluation 

of cell lysis after incubation of intact cells in the extract.  

1. Add 50,000 293T cells (or the cell type used for reprogramming or differentiation) to 30 µl of 

extract on ice in a 1.5-ml centrifuge tube. The extract does not need to contain any additives 

(unlike for a reprogramming reaction).  

2. Incubate for 1 h at 37°C in a H2O bath. Maintain cells suspended by occasionally tapping the 

tube.  

3. Remove a 3-µl aliquot and assess cell morphology by phase contrast microscopy. Figure 2 

illustrates rat fetal fibroblasts after a 30-min exposure to INS-1E cell extracts. Cell morphology 

immediately after exposure to the extract reflects survival in culture. Cells shown in Figure 2A 

survived exposure to extract while cells in Figure 2B have been exposed to an extract causing 

cell death and did not survive in culture. Batches of extract producing such cells should be 

discarded. Cells in Figure 2C have been exposed to cell lysis buffer and show swelling expected 

from a hypotonic buffer. 

4. If desired, replate the cells directly from the extract in complete culture medium for an overnight 

evaluation of cell viability. There is no need to remove the extract before replating. 
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3.3. Permeabilization of donor cells  
Although some cell types, such as adipose tissue stem cells, endocytose readily (10), most cell types 

require efficient permeabilization in order for components from the extract to be taken up. 

Permeabilization should be reversible as cells are expected to be cultured after exposure to the extract. 

Permeabilization is accomplished with the Streptococcus pyogenes toxin, Streptolysin O (SLO). SLO is 

a cholesterol-binding toxin that forms large pores in the plasma membrane of mammalian cells (11).  

 

3.3.1. SLO stock solution 

1. On ice, dissolve the SLO powder in sterile-filtered MilliQ H2O to 100 µg/ml.  

2. Aliquot 10 µl in 200-µl tubes on ice and store at -20°C. 

3. Discard all tubes after one month of storage at -20oC and prepare a new stock of SLO. Stock 

aliquots should be thawed only once. More details on SLO are given in Note 1.  

 

3.3.2. Reversible donor cell permeabilization 

1. Dilute the SLO stock 1:10 in ice-cold HBSS. This constitutes a working solution which will 

provide a final SLO concentration of 230 ng/ml (in Step 6). We use this concentration for 293T 

cells. For other cell types, concentration may be adjusted using the cell permeabilization assay 

described in Subheading 3.3.3. Adjustments should be made to achieve the highest efficiencies 

of permeabilization and subsequent resealing.  

2. Keep the SLO working solution on ice until addition to the cells. 

3. Harvest donor cells from culture as per standard procedures. Wash cells twice in ice-cold PBS 

and once in ice-cold HBSS, each by sedimentation at 400 g for 10 min at 4oC. This is essential to 

remove all Ca2+ from the culture medium as Ca2+ inhibits SLO activity. 

4. Resuspended cell pellets in HBSS and aliquot 500,000 cells per reaction in 1.5-ml tubes placed 

on ice, centrifuge at 300 g for 5 min at 4oC and discard the supernatant.  

5. Carefully resuspend the cells in 488 µl ice-cold HBSS using a 1000-µl pipette, whose tip is large 

and gentle to the cells. 

6. Place the tubes in a H2O bath at 37oC for 2 min and add 12 µl of the ice cold SLO working 

solution prepared in Step 1. Mix by tapping the tube. 

7. Incubate the cells horizontally at 37oC for another 50 min; maintain cells in suspension by 

occasional tapping of the tube.  
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8. Place the tubes on ice and add 500 µl ice-cold HBSS. 

9. Sediment the cells at 300 g, 5 min at 4oC using a swing-out rotor. Remove the supernatant and 

proceed to Subheading 3.4.2. At this stage, the use of fixed-angle rotor damages the cells as they 

streak along the tube wall during centrifugation. 

 

3.3.3. Cell permeabilization assay 

The assay allows the evaluation of the efficiency of SLO treatment. It is based on the uptake of a Texas 

red- (or Alexia red)-conjugated 70,000 Mr dextran by the permeabilized cells (Figure 3). 

1. Harvest the donor cells from culture as per standard procedure. Wash cells twice in ice-cold PBS 

and once in ice-cold HBSS, each by suspension and sedimentation at 300 g, 10 min, 4oC. 

2. Resuspended cell pellets in aliquots of 500,000 cells in HBSS in 1.5-ml tubes placed on ice, 

centrifuge at 300 g, 5 min at 4oC and discard the supernatant.  

3. Resuspend the cells in 488 µl ice-cold HBSS containing 50 µg/ml Texas red-conjugated dextran. 

4. Place the tubes in a H2O bath at 37oC for 2 min and add 12 µl ice cold SLO working solution 

prepared as described in Subheading 3.3.2, Step 1. Mix by gentle pipetting.  

5. Incubate at 37oC for 50 min and maintain cells in suspension by occasional tapping of the tube.  

6. Place tubes on ice.. 

7. Sediment the cells at 300 g, 5 min, 4oC using a swing-out rotor and add 1,500 µl of complete 

culture medium (use the medium recommended for the cell type being used) containing 2 mM 

CaCl2 added from the 1-M stock (see Subheading 2.1.).  

8. Transfer 500 µl of the cell suspension from one tube into each of three wells of a 24-well culture 

plate and culture for 2-4 h to allow resealing and replating of the living cells. Replating of the 

cells can take place on a glass coverslip placed in the well if necessary.  

9. Remove non-plated (dead) cells by careful aspiration and add 500 µl fresh complete culture 

medium to each well.  

10. Observe cells by epifluorescence microscopy. Cells displaying Texas red fluorescence have been 

permeabilized, have taken up the dye, were resealed and reseeded successfully. When dose-

titrating a new batch of SLO, or when testing a new cell type, we recommend carrying out a 

second observation ~24 h after resealing to confirm cell survival. Figure 3 displays 293T cells 

(Figure 3A) and primary rat fibroblasts (RFs; Figure 3B) 24 h after exposure to two SLO 

concentrations (230 and 305 ng/ml) containing an Alexia red-conjugated dextran. Depending on 
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the cell type, 70-90% of replated cells display dye uptake (Figure 3C). Note that in our hands, 

cell lysis following SLO treatment averages ~50%. These cells do not replate and thus are not 

represented in Figure 3.  

 

3.4. In vitro reprogramming/dedifferentiation reaction 
3.4.1. Preparation of extract 

During SLO treatment, the extract should be prepared for the reprogramming or dedifferentiation 

reaction. The extract should be ready to use and contain all ingredients at the time the SLO treatment 

described in Subheading 3.3.2 (Step 8) is completed.  

1. Prepare the ATP-regenerating system: mix on ice ATP:GTP:creatine kinase:phosphocreatine in a 

1:1:1:1 ratio from each separate stock (see Subheading 2.1.) and keep on ice. 

2. Aliquot the freshly prepared extract into as many 500-µl samples as needed and hold on ice. If 

extract is frozen, promptly thaw the extract between fingers, place on ice and prepare 500-µl 

aliquots. 

3. Add 25 µl of the ATP-regenerating system mix to 500 µl extract on ice.  

4. Add 20 µl of the 25 mM NTP mix (see Subheading 2.1.) to 500 µl extract on ice. 

5. Vortex briefly and replace the extract on ice. 

 

3.4.2. Reprogramming/dedifferentiation reaction 

These steps are to be taken only after the donor cells have been permeabilized with SLO (Subheading 

3.3.2., Step 8) and once the extract is ready for use (Subheading 3.4.1., Step 5).  

1. To each tube containing sedimented permeabilized donor cells, add 500 µl of extract and gently 

suspend the cells by carefully pipetting with a 1,000 µl pipette. 

2. Incubate the tubes horizontally in a H2O bath at 37oC for 1 h. Maintain cells suspended by 

occasional tapping.  

 

3.5. Resealing of the cells 

1. At the end of incubation, add to each tube 1 ml preheated (37°C) complete culture medium 

(needed for the target cell type) containing 2 mM CaCl2 added from the 1 M stock. The extract 

does not need to be removed before adding the Ca2+-containing medium.  

2. Transfer the content of 1 tube into five wells of a 48-well culture plate, 300 µl in each well. 
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3. Culture for 2-4 h in a 5% CO2 incubator at 37oC.  

4. Remove dead (floating) cells and the Ca2+-containing medium by gentle aspiration and replace 

with 250 µl complete culture medium (without added CaCl2). 

5. Place the cells back into the 5% CO2 incubator and culture until use for assessment of 

reprogramming.  

 

4. Notes 
1. Commercially available SLO batches may vary in specific activity. Efficiency of SLO-mediated 

permeabilization also varies between cell types. Thus, it is recommended to test a range of SLO 
concentration (100-1,000 ng/ml) on a given cell type or after preparing a new batch of SLO prior 
to initiating extract treatment. Optimum concentration should thereafter be fine-tuned. Other 
laboratories have investigated SLO-mediated cell permeabilization in detail (14,15). 

2. It is recommended to carry out a cell permeabilization assay in parallel to each reprogramming 
or differentiation reaction as daily variations of permeabilization efficiency can be seen.  

3. pH of the extract: we usually observe a drop of 1-1.5 pH unit upon extract preparation, which 
explains the pH 8.2 of the cell lysis buffer. Notably, raising the pH of the cell lysis buffer to 8.7 
with a HEPES buffer does not increase the pH of the final extract. Other buffers with greater 
buffering capacity have not been tested.. 

4. It is currently difficult to objectively assess the extent of sonication of any of the cell type we 
have used. It is important to sonicate until all cells and nuclei are completely lysed. This results 
in the appearance of “debris” under a phase contrast microscope. The effect of sonication time 
and power on reprogramming or differentiation efficiency has not been tested, thus whether 
extended sonication after cell lysis is complete is detrimental or beneficial is at present unknown. 

5. Variability in batches of extract exists, even among extracts that have been rated as “non toxic” 
in the toxicity assay described here. Variability is evident by the absence of target cell type-
specific markers of reprogramming or differentiation. 

6. With current techniques, expression of a reprogrammed phenotype occurs for at least two months 
for 293T cells reprogramming in NCCIT extract. The reprogrammed phenotype may also last for 
shorter periods depending on the cell type reprogrammed (primary as opposed to transformed), 
the target cell type or the markers analyzed. Of note, cells reprogrammed with NCCIT extract 
can be induced to differentiate into various cell types in vitro. Stability of the re-differentiated 
phenotypes in vitro has at present not been examined in detail.  
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FIGURES 
 
Fig. 1. In vitro cell reprogramming 
and differentiation approach. 
The plasma membrane of “donor” cells 
is reversibly permeabilized with 
Streptolysin O. The permeabilized cells 
are exposed for 1 h to a nuclear and 
cytoplasmic extract derived from a 
target cell type (e.g., undifferentiated 

carcinoma cells or embryonic stem cells). After exposure to extract, cells are resealed for 2 h in culture 
medium containing 2 mM CaCl2, and cultured for analysis. 
 

 
Fig. 2. Assessment of extract 
toxicity. 
Intact cells (here, HeLa) are 
incubated in each new batch of 
extract for 30-60 min. An aliquot is 
removed to a slide and examined 
by phase contrast microscopy. 
Cells shown in (A) survived 
exposure to the extract (here, INS-

1E extract) whereas cells in (B) did not survive extract exposure and will die in subsequent culture. 
Batches of extract giving rise to such cells should be discarded. Cells shown in (C) were exposed to 
cell lysis buffer alone. Bar, 20 µm. 
 
 

 
Fig. 3. Reversible cell 
permeabilization.  
(A) 293T cells and (B) primary 
rat fibroblasts (RFs) were 
incubated for 50 min in 0, 230 
or 305 ng/ml SLO containing 
50 µg/ml Alexia red-conjugated 
dextran (here, a 10,000 Mr 
dextran was used, but similar 
results are obtained with a 
70,000 Mr dextran). Cells were 
resealed with 2 mM CaCl2 and 
cultured for ~24 h before 
observation by phase contrast 
and epifluorescence 
microscopy. Bars, 20 µm. (C) 
Proportions (±SD) of 293T 
cells, RFs and rat hepatoma 
cells (Hep) displaying Alexia 
red fluorescence 24 h after 

exposure to SLO and dye. Results from 3 experiments (>200 cells/treatment).  


