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Contents and Storage 
 

Contents Each vial contains 100 µL of lentivirus particles at a concentration of 5 × 107 to  
5 × 109 transducing units/mL.  
Note: The lentiviral titer is lot dependent. For the specific titer of your lentivirus particles, 
refer to the Certificate of Analysis supplied with the product. Certificates of Analysis are 
also available on our website. Go to www.lifetechnologies.com/support and search for 
the Certificate of Analysis by product lot number, which is printed on the vial. 

 
Product Catalog number 

Lentivirus hOct4  A1357101 

Lentivirus hSox2  A1357201 

Lentivirus hKlf4  A1357301 

Lentivirus hc-Myc  A1357401 

Lentivirus hNanog  A1357501 

Lentivirus hLin28  A1357601 

Lentivirus CMV-GFP Transduction Reporter  A1357701 

Lentivirus Oct4-GFP Reprogramming Reporter  A1357801 

 
Shipping/Storage Lentivirus particles are shipped on dry ice. Place lentivirus particles at –80°C for 

long-term storage.  
Note: Repeated freezing and thawing of lentivirus particles is not recommended because 
it may result in loss of viral titer. After long-term storage, we recommend re-titering your 
viral stocks before transducing your cells. 

 
Intended use For research use only. Not for human or animal therapeutic or diagnostic use. 

 
Purpose of this 
manual 

This manual provides instructions for the direct reprogramming of somatic cells 
to human induced Pluripotent Stem Cells (iPSC) using lentivirus particles. 
Instructions for continual maintenance of iPSCs and their characterization are 
also provided. 

 

http://www.lifetechnologies.com/support�
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Introduction 

Description of the System 
 

Induced pluripotent 
stem cells (iPSC) 

Induced pluripotent stem cells (iPSCs) are genetically reprogrammed adult cells 
which exhibit a pluripotent stem cell-like state similar to embryonic stem cells. 
(Meissner et al., 2007; Park et al., 2008; Takahashi & Yamanaka, 2006; Wernig et al., 
2007; Yu et al., 2007). While these artificially generated cells are not known to exist 
in the human body, they show qualities remarkably similar to those of embryonic 
stem cells (ESC); thus, they are an invaluable new source of pluripotent cells for 
drug discovery, cell therapy, and basic research.  

There are multiple methods to generate iPSCs, including lentivirus-mediated gene 
transduction and chemical induction. Lentiviral systems are highly-efficient and 
offer reproducible delivery methods for many expression constructs, and they 
remain a popular method of generating iPSCs by reprogramming somatic cells. 

 
Lentiviral 
Reprogramming 
System 

The Lentiviral Reprogramming System uses replication-incompetent lentivirus 
particles to safely and effectively deliver and express key genetic factors necessary 
for reprogramming somatic cells to iPSCs. In contrast to many available protocols 
that rely on multiple media systems and viral vectors, the Lentiviral 
Reprogramming System combines Invitrogen’s ViraPower™ HiPerform™ platform 
with Gibco® media and reagents to offer an efficient and complete workflow. In 
addition, the system includes two control lentivirus particles, one as a control for 
transduction and the other for reprogramming. The table below lists the lentivirus 
particles available as part of the Lentiviral Reprogramming System. 
Note: The lentivirus particles are available individually from Invitrogen (see page 34 for 
ordering information). 

 
How lentivirus 
works 

After the lentivirus enters the target cell, the viral RNA is reverse-transcribed, 
actively imported into the nucleus (Lewis & Emerman, 1994; Naldini, 1999), and 
stably integrated into the host genome (Buchschacher & Wong-Staal, 2000; 
Luciw, 1996). After the lentiviral construct integrates into the genome, you may 
assay for transient expression of your recombinant protein or use antibiotic 
selection to generate a stable cell line for long-term expression studies. 

Continued on next page 
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Description of the System, continued 

 
Lentivirus particles The table below lists the lentivirus particles offered as part of the Lentiviral 

Reprogramming System. Researchers have successfully used different 
combinations of reprogramming genes to generate iPSCs and have achieved 
efficient reprogramming by co-expressing four gene products: Oct, Sox2, Klf4, and 
c-Myc (Takahashi et al., 2007), or Oct4, Sox2, Lin28, and Nanog (Yu et al., 2007). 
The minimum requirement for reprogramming human somatic cells to human 
iPSCs appears to be expression of Oct4 and Sox2 (Stadtfeld & Hochedlinger, 2010). 
See page 32 for a more comprehensive list of reprogramming genes used to derive 
iPSCs from different species and somatic cell types. 
Note: The lentivirus particles containing the various genetic factors necessary for 
reprogramming are available individually and not as a set. See page 34 for ordering 
information. 

 

Lentivirus particle Factor GenBank ID Promoter Use 

Lentivirus hOct4  human Oct4 BC117435 CMV/TO reprogramming 

Lentivirus hSox2  human Sox2 NM_003106.2 CMV/TO reprogramming 

Lentivirus hKlf4  human Klf4 NM_004235 CMV/TO reprogramming 

Lentivirus hc-Myc  human c-Myc BC000917 CMV/TO reprogramming 

Lentivirus hNanog  human Nanog NM_024865 CMV/TO reprogramming 

Lentivirus hLin28  human Lin28 NM_024674 CMV/TO reprogramming 

Lentivirus CMV-GFP 
Transduction Reporter  

EmGFP* – CMV/TO control for optimizing 
transduction 

Lentivirus Oct4-GFP 
Reprogramming Reporter  

EmGFP* – Oct4 reprogramming 
control 

*The reporter lentivirus particles carry the gene for Emerald Green Fluorescent Protein (EmGFP). 

Continued on next page 
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Description of the System, continued 

 
Key features of the 
lentivirus particles 

The backbone of the lentivirus particles in the Lentiviral Reprogramming System 
is based on the ViraPower™ HiPerform™ pLenti6.3/TO/V5-DEST™ vector, which 
contains the elements listed below.  

• Hybrid CMV/TO promoter consisting of the human CMV promoter 
(Andersson et al., 1989; Boshart et al., 1985; Nelson et al., 1987) and tetracycline 
operator 2 (TetO2) sites (Hillen & Berens, 1994) for high-level, tetracycline-
regulated expression of the gene of interest 
Note: Lentivirus Oct4-GFP Reporter (Cat. no. A1357801) contains the human Oct4 
promoter to drive the expression of the GFP reporter gene. 

• The Woodchuck Posttranscriptional Regulatory Element (WPRE) from the 
woodchuck hepatitis virus for enhanced transgene expression (Zufferey et al., 
1998) 

• The central Polypurine Tract (cPPT) sequence from the HIV-1 integrase gene 
for increased copy number of lentivirus integrating into the host genome and 
enhancing viral titer (Park, 2001) 
Note: WPRE and cPPT together produce at least a 4-fold increase in protein expression 
in most cell types, compared to other vectors that do not contain these elements. 

• Blasticidin selection marker for stable selection under control of SV40 
promoter (Kimura et al., 1994) 

 
Advantages of the 
Lentiviral 
Reprogramming 
System 

• Efficiently delivers the key factors necessary for reprogramming mammalian 
somatic cells in culture to iPSCs. 

• Facilitates enhanced expression of reprogramming factors, up to 4-fold or 
greater, compared to traditional lentiviral expression systems. 

• Includes multiple features designed to enhance the biosafety of the system. 

• Optional: Allows the expression of the reprogramming factors to be regulated 
by tetracycline, which diminishes the risk of continued transgene expression 
and enables the selection of fully reprogrammed iPSCs. 
Note: Tetracycline-regulated expression of the reprogramming factors requires the 
co-transduction of the target cells with the reprogramming particles and the lentiviral 
stocks generated using the pLenti3.3/TR plasmid expressing the tetracycline (Tet) 
repressor. pLenti3.3/TR plasmid is included in the ViraPower™ HiPerform™ T-REx™ 
Gateway® Expression System (Cat. no. A11141), which is available separately from 
Invitrogen (for ordering information, see page 34). 

Continued on next page 
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Biosafety of the System 
 

Biosafety features 
of the Lentiviral 
Reprogramming 
System 

The backbone of the lentivirus particles in Lentiviral Reprogramming System is 
based on lentiviral vectors developed by Dull and coworkers includes the 
following features designed to enhance their biosafety and minimize their relation 
to the wild-type, human HIV-1 virus: 

• A deletion in the 3′ LTR (∆U3) results in “self-inactivation” of the lentivirus 
after transduction of the target cell (Yee et al., 1987; Yu et al., 1986; Zufferey et 
al., 1998). Once integrated into the transduced target cell, the lentiviral genome 
is no longer capable of producing packageable viral genome. 

• The VSV-G gene from Vesicular Stomatitis Virus is used in place of the HIV-1 
envelope (Burns et al., 1993; Emi et al., 1991; Yee et al., 1994). 

• The lentiviral particles are replication-incompetent and only carry the gene of 
interest. 

 
Biosafety Level 2 

 

Despite the inclusion of the safety features discussed above, the lentivirus 
particles still pose some biohazardous risk because they can transduce primary 
human cells. For this reason, we highly recommend that you treat lentiviral 
stocks generated using this System as Biosafety Level 2 (BL-2) organisms and 
strictly follow all published BL-2 guidelines with proper waste 
decontamination.  

For more information about the BL-2 guidelines and lentivirus handling, refer to 
the document, “Biosafety in Microbiological and Biomedical Laboratories”, 5th 
Edition, published by the Centers for Disease Control (CDC). This document may 
be downloaded at http://www.cdc.gov/biosafety/publications/bmbl5/index.htm. 

 

 

Handle all lentiviruses in compliance with established institutional guidelines. 
Because safety requirements for use and handling of lentiviruses may vary at 
individual institutions, we recommend consulting the health and safety guide-lines 
and/or officers at your institution before using of the Lentiviral Reprogramming 
System. 

 

http://www.cdc.gov/biosafety/publications/bmbl5/index.htm�
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Experiment Outline 
  

Workflow The table below describes the major steps required for reprogramming somatic 
cells to generate iPSCs using lentivirus particles that express the key 
reprogramming genes. 
 

Step Action Page 

1 Transduce your cells of interest with Lentivirus CMV-GFP 
Reporter to asses the lentiviral transduction efficiency and 
toxicity for your cell type. 

13 

2 Co-transduce your cells of interest with reprogramming 
lentivirus particles. 

14 

3 Perform live staining with anti-Tra1-60 and anti-Tra1-81 
antibodies to identify iPSC colonies. 

18 

4 Manually pick iPSC colonies and expand until you have 
sufficient cells (two 60-mm plates) for cryopreservation. 

20 

5 Optional: Generate a stable cell line with Lentivirus Oct4-GFP 
Reporter. 

29 

6 Optional: Create an inducible system where the expression of 
reprogramming genes is controlled by the Tet repressor. 

30 
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Methods 

Required Materials 
 

Lentivirus particles 
and cells 

• Lentivirus particles at >1 × 107 transducing units/mL 

• Mammalian cells to reprogram 

• Gibco® Mouse embryonic Fibroblasts (Irradiated) (Cat. no. S1520-100) 

 
Media and reagents • D-MEM with GlutaMAX™-I (high glucose) (Cat. no. 10569-010) 

• D-MEM/F-12 (Cat. no. 10565-018) 

• Fetal Bovine Serum (FBS), ES Cell-Qualified (Cat. no. 16141-061) 

• Knockout™ Serum Replacement (KSR) (Cat. no. 10828-028) 

• MEM Non-essential Amino Acids (NEAA) (Cat. no. 11140-050) 

• Basic FGF, recombinant human (Cat. no. PHG0261) 

• β-mercaptoethanol (Cat. no. 21985-023) 

• Antibiotic-Antimycotic (Cat. no. 15240-062) 

• Attachment Factor (Cat. no. S-006-100) 

• TrypLE™ Select Cell Dissociation Reagent (Cat. no. 12563-029) or  
0.05% Trypsin/EDTA (Cat. no. 25300-054) 

• Collagenase Type IV (Cat. no. 17104-019) 

• D-PBS without Ca2+ or Mg2+ (Cat. no. 14190-144) 

• Blasticidin (Cat. no. A11139-02) 

• Polybrene® (Hexadimethrine bromide) (Sigma, Cat. no. H9268) 

• Valproic acid (Sigma, Cat. no. P4543) 

 
Antibodies for 
characterizing 
iPSCs 

• Mouse anti-Tra1-60 antibody (Cat. no. 41-1000) 

• Mouse anti-Tra1-81 antibody (Cat. no. 41-1100) 

• Mouse anti-SSEA4 (Cat. no. 41-4000) 

• Alexa Fluor® 594 goat anti-mouse IgG antibody (Cat. no. A11032) 

Continued on next page 
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Required Materials, continued  
 

Equipment • Sterile cell culture hood (i.e., biosafety cabinet) equipped with a 
stereomicroscope 

• Inverted microscope 

• Incubator set at 37°C 

• Water bath set at 37°C 

• Sterile serological pipettes (5-mL, 10-mL) 

• Centrifuge 

• 15-mL centrifuge tubes 

• 60-mm and 100-mm tissue culture-treated dishes 

• 6-well and 96-well tissue culture-treated plates 

 



 

   10 

Guidelines for Lentiviral Reprogramming  
 

General guidelines 
for lentiviral 
reprogramming 

• To maintain sterile culture conditions, carry out all of the procedures in this 
manual using sterile laboratory practices in a laminar flow hood. 

• Viral titers can decrease as much as 10% with each freeze/thaw cycle. Avoid 
repeated freezing and thawing of your reprogramming lentivirus particles. 

• Prior to starting, ensure that the media are equilibrated to 37°C and 
appropriately gassed. 

• Depending on your cell type, a high viral load may result in cell toxicity while 
a low viral load will compromise reprogramming efficiency. Before starting 
your reprogramming experiments, transduce your cell line of interest with the 
Lentivirus CMV-GFP Reporter. Based on the transduction efficiency of 
Lentivirus CMV-GFP Reporter that yields the least toxicity and highest GFP 
expression levels, determine the volume of reprogramming lentivirus 
particles to use (see page 13). 

• It is possible to concentrate VSV-G pseudotyped lentiviruses using a variety 
of methods without significantly affecting their transducibility. If your 
experiment requires that you use a large volume of viral supernatant (e.g., a 
relatively high MOI), concentrate your virus before proceeding to 
transduction. For details and guidelines for concentrating your virus, refer to 
published reference sources (Yee, 1999). 

 
Minimum 
requirement for 
reprogramming 

Researchers have successfully used different combinations of transcription factors 
(i.e., reprogramming factors) to generate iPSCs and achieved high reprogramming 
efficiencies by co-expressing a combination of four gene products: Oct, Sox2, Klf4, 
and c-Myc (Takahashi et al., 2007), or Oct4, Sox2, Lin28, and Nanog (Yu et al., 2007). 
The minimum requirement for reprogramming human somatic cells to human 
iPSCs appears to be expression of Oct4 and Sox2 (Stadtfeld & Hochedlinger, 2010). 
However, when only Oct4 and Sox2 are used, the reprogramming efficiencies are 
usually lower compared to those achieved with the full complement of four 
reprogramming factors. See page 32 for a more comprehensive list of 
reprogramming genes used to derive iPSCs from different species and somatic cell 
types. 

Continued on next page 
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Guidelines for Lentiviral Reprogramming, continued  
 

Using the 
Lentivirus 
CMV-GFP Reporter 

Lentivirus CMV-GFP Reporter (Cat. no. A1357701) is used for determining the 
amount of reprogramming lentivirus needed to efficiently tranduce your cells. 
The Lentivirus CMV-GFP Reporter is identical to the reprogramming lentivirus 
particles, but contains the Emeral Green Fluorescent Protein (EmGFP) gene 
instead of a reprogramming factor. See page 13 for instructions on using the 
Lentivirus CMV-GFP Reporter.  

 
Using the 
Lentivirus 
Oct4-GFP Reporter 

Lentivirus Oct4-GFP Reporter (Cat. no. A1357801) is a control lentivirus for 
verifying the successful reprogramming of somatic cells into iPSCs. Cells 
tranduced with the Lentivirus Oct4-GFP Reporter express EmGFP only if they 
have been successfully reprogrammed into iPSCs (i.e., have become pluripotent). 
Although hOct4-GFP expression is observed only in pluripotent cells, a small 
amount of basal EmGFP expression may be detected in non-pluripotent cells as a 
background (usually less than 10%).  

• Lentivirus Oct4-GFP Reporter is used in co-transformation experiments with 
the reprogramming lentivirus particles (page 14), where the successfully 
reprogrammed cells are picked and expanded based on transient Oct4-GFP 
expression. 

• Alternatively, Lentivirus Oct4-GFP Reporter can be used for generating a 
stable Oct4-GFP reporter cell line by first transducing the target cells with the 
Lentivirus Oct4-GFP Reporter and then performing Blasticidin selection to 
isolate stable transductants. The Oct4-GFP reporter cell line can then be 
transduced with reprogramming lentivirus particles and successfully 
reprogrammed cells identified based on Oct-GFP expression (page 29).  

 
Creating a  
Tet-inducible 
system 

The reprogramming lentivirus particles in the Lentiviral Reprogramming System 
are based on Invitrogen’s ViraPower™ HiPerform™ platform and can be used to 
create a tetracycline-inducible system.  

To create an inducible system where the reprogramming genes are under the 
control of the Tet repressor, use the pLenti3.3/TR plasmid from the ViraPower™ 
HiPerform™ T-REx™ Gateway® Expression System (available separately, Cat. no. 
A11141) to generate a Tet repressor virus and co-transduce your cell line with the 
repressor virus and reprogramming particles. For more information, refer to the 
ViraPower™ HiPerform™ T-REx™ Gateway® Expression System manual, which is 
available for downloading at www.lifetechnologies.com. 

Continued on next page 

http://www.lifetechnologies.com/�
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Guidelines for Lentiviral Reprogramming, continued  
 

Using Polybrene® 
during transduction 

Lentivirus transduction may be enhanced if cells are transduced in the presence of 
hexadimethrine bromide (Polybrene®, Sigma Cat. no. H9268). For best results, we 
recommend performing transduction in the presence of Polybrene®. However, 
some cells are sensitive to Polybrene® (e.g., primary neurons). Before performing 
any transduction experiments, test your cell line for sensitivity to Polybrene® at a 
range of 0–10 µg/mL. If your cells are sensitive to Polybrene® (e.g., exhibit toxicity 
or phenotypic changes), do not add Polybrene® during transduction. In this case, 
cells can still be successfully transduced with your lentivirus. 

See page 23 for instructions on preparing and storing Polybrene® stock solution. 

 
Recommended 
reading 

The Lentiviral Reprogramming System is designed to help you to deliver and 
express key reprogramming factors in somatic mammalian cells to generate 
iPSCs. Although the system has been designed to help you express the 
reprogramming factors in the simplest, most direct fashion, use of the system is 
geared towards those users who are familiar with the principles of retrovirus 
biology and tissue culture techniques. For more information about these topics, 
refer to the following published reviews: 

• Retrovirus biology and the retroviral replication cycle: see Buchschacher and 
Wong-Staal (2000) and Luciw (1996) .  

• Retroviral and lentiviral vectors: see Naldini (1998), Naldini (1999), Yee (1999) 
and Pandya et al., 2001 (Naldini, 1998; Naldini, 1999; Pandya et al., 2001; Yee, 
1999). 

 

 

Remember that you are working with media containing infectious virus. Follow 
the recommended Federal and institutional guidelines for working with BL-2 
organisms. 
• Perform all manipulations within a certified biosafety cabinet. 
• Treat media containing virus with bleach. 
• Treat used pipettes, pipette tips, and other tissue culture supplies with 

bleach and dispose of as biohazardous waste. 
• Wear gloves, a laboratory coat, and safety glasses or goggles when handling 

viral stocks and media containing virus. 
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Determining the Amount of Lentivirus Particles to Use 
 

Overview of the 
procedure 

To determine the amount of reprogramming lentivirus particles to use for 
reprogramming, transduce your cells with varying amounts of Lentivirus 
CMV-GFP Reporter and determine the amount that yields the least toxicity and 
highest EmGFP expression in transduced cells. 
Note: You can qualitatively determine toxicity due to high viral load by observing cell 
death, which is manifested by cells curling up and detaching from the culture plate. 
Alternatively, you can perform Trypan Blue staining using a small aliquot of cells. 

 
Transduction 
procedure using 
the Lentivirus  
CMV-GFP Reporter 

1. Maintain your cells to be transduced under the recommended culture 
conditions using the appropriate culture medium. 

2. 24 hours before transduction, determine the viable cell count using your 
method of choice.  

3. Plate the cells on a tissue culture-treated 96-well plate in the appropriate cell-
specific culture medium so that they are 70–80% confluent on the day of 
transduction. Incubate the cells overnight at 37°C and 5% CO2. 

4. On the day of tranduction, thaw the vial of Lentivirus CMV-GFP Reporter in 
a 37°C water bath until only a small pellet of ice is left in the vial. Place the 
vial on ice to complete thawing.  

5. Make a serial dilution of the Lentivirus CMV-GFP Reporter in lentivirus 
transduction medium (see page 24) as described in the table below. Mix the 
medium containing the virus gently by pipetting up and down. 

Lentivirus transduction medium 49 µL 48 µL 45 µL 40 µL 30 µL 
Lentivirus CMV-GFP Reporter 1 µL 2 µL 5 µL 10 µL 20 µL 
Total volume 50 µL 50 µL 50 µL 50 µL 50 µL 

6. Remove the culture medium from the cells and add 50 µL of Lentivirus CMV-
GFP Reporter particles (diluted in lentivirus transduction medium) into each 
well containing the cells.  

7. Add Polybrene® (if desired) to a final concentration of 6 µg/mL.  

8. Swirl the plate gently to mix and incubate it overnight in a 37°C incubator 
with a humidified atmosphere of 5% CO2.  

9. The next day, replace the lentivirus transduction medium with 100 µL of 
culture medium appropriate for your cell type. 

10. 48 hours after transduction, evaluate the GFP expression using fluorescence 
microscopy or flow cytometry. 

11. Choose the volume of the Lentivirus CMV-GFP Reporter that yields the least 
toxicity and highest GFP expression level to determine the optimal volume of 
reprogramming lentvirus particles to use for transduction. 
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Reprogramming Somatic Cells to Generate iPSCs 
 

Minimal 
requirements for 
reprogramming 

Researchers have successfully used different combinations of reprogramming 
genes to generate iPSCs. The minimum requirement for reprogramming human 
somatic cells to human iPSCs appears to be the co-expresson of 4 gene products: 
Oct, Sox2, Klf4, and c-Myc (Takahashi et al., 2007), or Oct, Sox2, Lin28, and Nanog 
(Yu et al., 2007). See page 32 for a more comprehensive list of reprogramming 
genes used to derive iPSCs from different species and somatic cell types. 

 
Overview of the 
reprogramming 
protocol 

Basic Reprogramming 
The basic reprogramming protocol uses a reprogramming cocktail consisting of 
only reprogramming lentivirus particles. The target cells are transduced with the 
reprogramming cocktail and passaged onto MEF culture dishes using human 
iPSC medium after they have recovered. The cells are fed with fresh medium 
daily and observed under the microscope for the emergence of iPSCs. 
Reprogramming is confirmed using antibodies against the pluripotency markers 
Tra1-60 and Tra1-81. See page 15 for the basic reprogramming protocol. 

Co-transduction with the Lentivirus Oct4-GFP Reporter 
The workflow for the co-transduction reprogramming experiments is identical to 
basic reprogramming, but the reprogramming cocktail includes the Lentivirus 
Oct4-GFP Reporter in addition to the combination reprogramming particles. The 
amount of Lentivirus Oct4-GFP Reporter used in co-transduction is determined in 
the same manner as the reprogramming lentivirus particles (i.e., using Lentivirus 
CMV-GFP Reporter to optimize MOI and calculating the volume of lentivirus to 
use based on its titer; see page 13 for more information). After the tranductants 
are passaged onto MEF culture dishes and allowed to proliferate, successfully 
reprogrammed cells are selected on the basis of uniform EmGFP expression.  

 
Preparing the cells 
for transduction 

1. Maintain your cells to be transduced under the recommended culture 
conditions using the appropriate culture medium. 

2. 24 hours before transduction, determine the viable cell count using your 
method of choice.  

3. Plate the required number of cells in each well of a tissue culture-treated 
6-well plate using the appropriate cell-specific culture medium. Incubate the 
cells overnight in a 37°C incubator with a humidified atmosphere of 5% CO2. 

Continued on next page 
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Reprogramming Somatic Cells to Generate iPSCs, continued 

 
Preparing the 
reprogramming 
cocktail 

1. On the day of tranduction, thaw the reprogramming lentivirus particles (and 
the Lentivirus Oct4-GFP Reporter, if applicable) in a 37°C water bath until 
only a small pellet of ice is left in the vials. Place the vials on ice to complete 
thawing.  

2. Determine the required transduction volume for each reprogramming 
lentivirus based on the transduction with the Lentivirus CMV-GFP Reporter 
(see page 13).  
Note: For additional reprogramming protocols, refer to the literuatre cited in this 
manual. 

3. Prepare the reprogramming cocktail consisting of the desired lentivirus 
combination (and the Lentivirus Oct4-GFP Reporter, if applicable) by diluting 
the lentivirus particles in lentivirus transduction medium (see page 24) to a 
combined volume of 1 mL per well (i.e., if transducing cells in each well of a 
6-well plate, prepare 6 mL of transduction mixture). 

4. Gently pipet the transduction mixture up and down to mix. Do not vortex the 
lentivirus particles. 

 
Basic 
reprogramming 
protocol  

Day 0: Transduce cell line of interest 

1. Aspirate the culture medium from the wells of the 6-well plate containing the 
cells to be tranduced.  

2. Add 1 mL of the reprogramming transduction cocktail in each well of a 6-well 
plate. If desired, add Polybrene® to a final concentration of 6 µg/mL (see 
page 23).  

3. Move the culture plate in several quick back-and-forth and side-to-side 
motions to disperse the reprogramming cocktail across the surface of the 
wells and incubate the plate overnight in a 37°C incubator with a humidified 
atmosphere of 5% CO2.  

Day 1: Replace transduction medium with human iPSC medium 

4. On Day 1 post-transduction, replace the transduction medium with 2 mL of 
human iPSC medium (see page 24).  

Day 3 or 4: Prepare MEF culture dishes 

5. On Day 3 or 4 post-transduction, prepare MEF culture dishes by plating 
inactivated or Mitomycin C-treated MEFs on gelatin-coated 100-mm culture 
dishes. See page 27 for detailed instructions on preparing MEF culture dishes. 

Continued on next page 
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Reprogramming Somatic Cells to Generate iPSCs, continued 
 

Reprogramming 
protocol, continued 

Day 5: Plate transduced cells on MEF culture dishes 

6. On Day 5 post-transduction, carefully remove the cells from the 6-well plate 
using TrypLE™ Select reagent or 0.5% trypsin following the procedure 
recommended by the manufacturer and collect the cells in a 15-mL conical 
centrifuge tube.   
Note: At this stage, the cells in the 6-well plate (i.e., the transduction plate) will be 
confluent and occasional clusters of transformed cells will be visible as small colonies. 

7. Centrifuge the cells at 200 × g for 2 minutes. Remove the supernatant and 
resuspend the cells in an appropriate volume of human iPSC medium. 

8. Determine the viable cell count using your method of choice (e.g., Countess® 
Automated Cell Counter). 

9. Plate the cells on 2–3 MEF culture dishes (from step 5) at varying seeding 
densities of between 50,000–200,000 cells per 100-mm using human iPSC 
medium.  

10. Incubate the cells in a 37°C incubator with a humidified atmosphere of 
5% CO2 

Day 7–21: Feed and monitor the cells  

11. 48 hours after seeding (Day 7 post-transduction), replace the spent medium 
with fresh human iPSC medium. Change the medium daily until you are 
ready to manually pick the iPSC colonies. 

12. Starting on Day 9 post-transduction, observe the plates every other day under 
a microscope for the emergence of cell clumps indicative of transformed cells 
(see Note below). 

13. On Day 21 post-transduction, perform live staining using anti-Tra1-60 and 
anti-Tra1-81 antibodies to identify iPSC colonies (see page 16). 

14. Manually pick iPSC colonies to expand for further characterization (see 
page 18). 

 

 

Although colonies of “transformed” cells may emerge as early as 7 days after 
transduction, most of these colonies will not be correctly “reprogrammed” cells. 
iPSCs usually emerge a little later (around day 14 post-tranduction) and resemble 
embryonic stem cells in morphology. If you have co-transduced your cells with 
the Lentivirus Oct4-GFP Reporter, succefully reprogrammed cells will exhibit 
uniform GFP expression. For more information on identifying iPSCs, see page 17. 
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Identifying iPSC Colonies 
 

Visual identification By Day 21 post-transduction, the cell colonies on the MEF culture dishes will have 
become large and compact, covering the majority of the surface area of the culture 
dish. However, only a fraction of these colonies will consist of iPSCs, which 
exhibit a hESC-like morphology characterized by a flatter cobblestone-like 
appearance with individual cells clearly demarcated from each other in the 
colonies (see Figure 1, below). Therefore, we recommend that you perform live 
staining with Tra1-60 or Tra1-81 antibodies that recognize undifferentiated hESCs 
(see page 18).  

 
Morphology of 
reprogrammed 
cells 

The images below show the morphology of human dermal fibroblasts that were 
reprogrammed into iPSCs using the Lentiviral Reprogramming System.  

Figure 1 Human dermal fibroblasts were transduced with a reprogramming 
cocktail consisting of Lentivirus hOct4, Lentivirus hSox2, Lentivirus hKlf4, and 
Lentivirus hc-Myc. On Day 5 post-tranduction, the transformed cells were 
passaged onto MEF culture dishes and allowed to proliferate on MEF feeder 
layers in human iPSC medium. The images were obtained using a 10X objective 
on Day 1, Day 20, Day 25 after passaging the transduced cells onto MEF feeder 
plates, and after picking and further expanding the reprogrammed cells.  

 

 

Continued on next page 
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Identifying iPSC Colonies, continued 
 

Live staining with 
antibodies 

One of the fastest and most reliable methods for selecting a reprogrammed colony 
is live staining with Tra1-60 or Tra1-81 antibodies that recognize undifferentiated 
hESCs and enable the identification of reprogrammed cells from a variety of 
human cell types (see page 34 for ordering information). Live staining with these 
antibodies has little adverse effects on the growth of the cell colonies even after 
multiple rounds of staining, regardless of whether the cells stain positive or 
negative for these surface markers indicating pluripotency.  

 
Required antibodies Primary antibody: 

• Mouse anti-Tra1-60 antibody (Cat. no. 41-1000) and/or mouse anti-Tra1-81 
antibody (Cat. no. 41-1100), diluted 1:100 in D-MEM/F-12 

Secondary antibody: 

• Alexa Fluor® 594 goat anti-mouse IgG antibody (Cat. no. A11032), diluted 
1:500 in D-MEM/F-12 

 
Live staining 
protocol 

1. Aspirate the human iPSC medium from the reprogramming dish. 

2. Wash the cells once with D-MEM/F-12. 

3. Add the primary antibody, diluted 1:100 in DMEM/F-12, to the cells (1 mL 
per one well of a 6-well plate or 6 mL per 100-mm dish). 

4. Incubate the primary antibody and the cells at 37°C for 60 minutes. 

5. Remove the primary antibody solution from the dish.  
Note: The primary antibody solution can be stored at 4°C for 1 week and re-used up to 
2 times. 

6. Wash cells three times with D-MEM/F-12. 

7. Add the secondary antibody, diluted 1:500 in D-MEM/F-12, to the cells (1 mL 
per one well of a 6-well plate or 6 mL per 100-mm dish).  

8. Incubate the secondary antibody and the cells at 37°C for 60 minutes. 

9. Remove the secondary antibody solution from the dish.  
Note: The secondary antibody solution can be stored at 4°C for 1 week and re-used up 
to 2 times. 

10. Wash cells three times with D-MEM/F-12 and add fresh D-MEM/F-12 to 
cover the surface of the cells (1 mL per well of a 6-well plate or 6 mL per 100-
mm dish). 

11. Visualize the cells under a standard fluorescent microscope. Successful 
antibody staining can very specifically distinguish reprogrammed colonies 
from just plain transformed counterparts (see Figure 2, page 19), and can be 
detected for up to 24–36 hours. This is particularly useful because it helps 
identifying and tracking of candidate iPS colonies before picking and the day 
after they are transferred into a new culture dish for expansion. 

Continued on next page 
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Identifying iPSC Colonies, continued 
 

Reprogrammed 
cells stained with 
anti-Tra1-81 
antibody 

The images below show successfully reprogrammed cells that were analyzed by 
live staining for the presence of cell surface marker Tra1-81, which indicates 
pluripotency.  

Figure 2 Human dermal fibroblasts were transduced with a reprogramming 
cocktail consisting of Lentivirus hOct4, Lentivirus hSox2, Lentivirus hKlf4, and 
Lentivirus hc-Myc. On Day 5 post-tranduction, the transformed cells were 
passaged onto MEF culture dishes and allowed to proliferate on MEF feeder 
layers in human iPSC medium. On Day 21, the cells were analyzed by live 
staining using the antibody against the cell surface marker Tra1-81. The images 
were obtained using a 10X objective. 
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Picking iPSC Colonies 
 

Protocol for picking 
iPSCs 

1. Place the culture dish containing the reprogrammed cells under an inverted 
microscope and examine the colonies under 10X magnification. 

2. Mark the colony to be picked on the bottom of the culture dish. 
Note: We recommend picking at least 10 distinct colonies by the end of each 
reprogramming experiment and expanding them in separate 24-well MEF culture 
plates (see below). 

3. Transfer the culture dish to a sterile cell culture hood (i.e., biosafety cabinet) 
equipped with a stereomicroscope. 

4. Using a 25 gauge 1½ inch needle, cut the colony to be picked into 5–6 pieces in 
a grid-like pattern. 

5. Using a 200 µL pipette, transfer the cut pieces to a freshly prepared 24-well 
MEF culture plate (see page 26) containing human ESC medium. 
Note: Human ESC medium does not contain valproic acid, but otherwise is identical to 
human iPSC medium (see page 24). 

6. Incubate the MEF culture plate containing the picked colonies in a 37°C 
incubator with a humidified atmosphere of 5% CO2.  

7. Allow the colonies to attach to the culture plate for 48 hours before replacing 
the spent medium with fresh human ESC medium. After that, change the 
medium every other day. 

8. Treat the reprogrammed colonies like normal human ESC colonies and 
passage, expand, and maintain them using standard culture procedures until 
you have frozen cells from two 60-mm plates (see page 21). 
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Freezing iPSCs  
 

Freezing protocol 1. Prepare the required volume of fresh freezing medium and place it on ice  
(see page 25). 

2. Aspirate the culture medium and rinse the dishes twice with D-PBS without 
Ca2+ and Mg2+ (2 mL for 35-mm or 4 mL for 60-mm culture dishes). 

3. Gently add Collagenase IV solution to the culture dish (1 mL per 35-mm 
culture dish or 2 mL per 60-mm culture dish). 

4. Incubate the dish with cells for 5–20 minutes in a 37°C incubator with a 
humidified atmosphere of 5% CO2.  
Note: Incubation times may vary among different batches of collagenase. We 
recommend that you optimize the appropriate incubation time by examining the 
colonies periodically under microscope during incubation. 

5. Stop the incubation when the edges of the colonies are starting to pull away 
from the plate. 

6. Remove the culture dish from the incubator, aspirate the Collagenase IV 
solution, and gently rinse the dish with D-PBS without Ca2+ and Mg2+. 

7. Add 2 mL of iPSC culture medium or D-MEM/F-12 and gently dislodge the 
cells off the surface of the culture dish using a sterile pipette or a cell scraper. 
Transfer the cells to a sterile 15-mL centrifuge tube. Rinse the dish with 
additional iPSC medium or D-MEM/F-12 to collect any leftover colonies. 

8. Centrifuge the cells at 200 × g for 2–4 minutes at room temperature. 

9. Discard the supernatant, gently tap the tube to dislodge the cell pellet from 
the tube bottom, and resuspend the cells in freezing medium A (see page 25). 
After the cell clumps have been uniformly suspended, add an equal volume 
of freezing medium B to the cell suspension in a drop-wise manner while 
gently swirling the cell suspension to mix. 
Note: At this point, the cells are in contact with DMSO, and work must be performed 
efficiently with no or minimum delays. After the cells come into contact with DMSO, 
they should be aliquoted and frozen within 2–3 minutes. 

10. Aliquot 1 mL of the cell suspension into each cryovial. 

11. Quickly place the cryovials containing the cells in a cryo freezing container 
(e.g., Mr. Frosty) to freeze the cells at 1°C per minute and transfer them to  
–80°C overnight. 

12. After overnight storage at –80°C, transfer the cells to a liquid nitrogen tank 
vapor phase for long term storage. 
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Troubleshooting 
 

 The table below lists some potential problems and possible solutions that may 
help you troubleshoot your reprogramming experiments. 

  

Symptom Cause Solution 

Low transduction 
efficiency  

Viral stocks stored 
incorrectly 

Aliquot and store stocks at –80°C. Do not freeze/thaw 
the lentivirus particles more than 3 times. 

Low viral titer Increase the volume of the lentivirus. 

Polybrene® not included 
transduction 

Add Polybrene® to transduction mix. 

Cytotoxic effects 
observed after 
transduction 

Viral load too high Determine the correct volume of lentivirus to use for 
your cell type by performing viral dilution for each 
individual viral particle (page 13) and repeat the 
transduction procedure with a fresh a transduction 
cocktail (page 15). 

Volume of 
reprogramming cocktail 
too high 

• Replace spent medium with fresh medium. 
• Decrease the volume of reprogramming cocktail by 

concentrating the virus. 

Polybrene® used during 
transduction 

Verify the sensitivity of your cell type to Polybrene®. If 
your cells are sensitive, omit the Polybrene® during 
transduction. 

Transduction carried 
out for too long 

Transduction should be carried out for 18–24 hours, 
after which the transduction medium should be 
replaced with fresh human iPSC medium. 

No iPSC colony 
formation 

Insufficient viral load • Recalculate correct amount of virus for each viral 
titer given. 

• Determine the correct volume to use by performing 
viral dilution for each individual viral particle and 
repeat transduction on your cell type to determine 
the best volume to use for each virus. 

 Viral stocks stored 
incorrectly 

Aliquot your virus stocks to prevent repeated 
freeze/thaw cycles. Repeatedly freezing and thawing 
will decrease viral titers 5 to 10-fold. 

 Incorrect virus used for 
optimization 

Make sure that you use the correct viruses for 
reprogramming (hOct4 promoter GFP virus is a 
reprogramming reporter and it is expressed in 
pluripotent cells; however, it is not a transduction 
reporter virus. It will not be expressed in fibroblasts 
and it should not be used to determine MOI). 

Very few colonies 
are present after 
reprogramming  

Starting cell number too 
low 

Plate greater number of cells per experiment  
(50,000–100,000 cells per 100-mm dish). 

Not enough virus in 
cells 

Increase the volume of lentivirus, and decrease the 
starting cell number.  

 



 

   23 

Appendix 

Preparing Reagents and Media  
 

Basic FGF solution 1. To prepare 1000 µL of 10-µg/mL Basic FGF solution, aseptically mix the 
following components:  

Basic FGF     10 µg 
D-PBS without Ca2+ and Mg2+ 980 µL 
10% BSA     10 µL 

2. Aliquot and store the Basic FGF solution at –20°C for up to 6 months. 

 
Polybrene® solution  1. Prepare a 6-mg/mL Polybrene® stock solution in deionized, sterile water. 

2. Filter-sterilize the stock solution and dispense 1 mL aliquots into sterile 
microcentrifuge tubes. 

3. You may store the working stock at 4°C for up to 2 weeks. Store at –20°C for 
long-term storage (up to 1 year). Do not freeze/thaw the stock solution more 
than 3 times as this may result in loss of activity. 

 
Collagenase IV 
solution  

1. Prepare a 10-mg/mL Collagenase Type IV stock solution in D-MEM/F-12. 
The stock solution can be aliquoted and frozen at –20°C until use. 

2. Prepare a 1-mg/mL Collagenase Type IV working solution in D-MEM/F-12. 
Always prepare fresh working solution.  

 
Complete MEF 
medium 

To prepare 100 mL of complete MEF medium, aseptically mix the components 
listed in the table below. Complete MEF medium can be stored at 2–8°C for up to 
1 week. 

 

Component Stock concentration Final concentration Volume 

D-MEM with GlutaMAX™-I – 1X 89 mL 

FBS, ESC Qualified – 10% 10 mL 

MEM Non-Essential Amino Acids 
Solution 10 mM 0.1 mM 1 mL 

β-mercaptoethanol 55 mM 0.1 mM 182 µL 

Continued on next page 



 

   24 

Preparing Reagents and Media, continued  
 

Lentivirus 
transduction 
medium 

To prepare 100 mL of lentivirus transduction medium, aseptically mix the 
components listed in the table below. Lentivirus transduction medium can be 
stored at 2–8°C for up to 1 week. 

 

Component Stock concentration Final concentration Volume 

D-MEM with GlutaMAX™-I 1X 1X 89 mL 

Penicillin-Streptomycin 100X 1X 1 mL 

FBS, ES Cell-Qualified – 10% 10 mL 

Polybrene – 6 µg/mL – 

 
Human iPSC 
medium 

To prepare 100 mL of human iPSC medium, aseptically mix the components listed 
in the table below. Human iPSC medium can be stored at 2–8°C for up to 1 week. 
Note: Supplement human iPSC medium daily with fresh FGF and valproic acid. 

 

Component Stock concentration Final concentration Volume 

D-MEM/F-12 1X 1X 78 mL 

Knockout™ Serum Replacement – 1X 20 mL 

MEM Non-Essential Amino Acids 
Solution 10 mM 100 µM 1 mL 

β-mercaptoethanol 55 mM 55 µM 100 µL 

Antibiotic-Antimycotic Solution 100X 1X 1 mL 

Basic FGF 10 µg/mL 12 ng/mL 120 µL 

Valproic acid – 0.5 mM – 

 
Human ESC 
medium 

To prepare 100 mL of human ESC medium, aseptically mix the components listed 
in the table below. Human ESC medium can be stored at 2–8°C for up to 1 week. 

 

Component Stock concentration Final concentration Volume 

D-MEM/F-12 1X 1X 78 mL 

Knockout™ Serum Replacement – 1X 20 mL 

MEM Non-Essential Amino Acids 
Solution 10 mM 100 µM 1 mL 

β-mercaptoethanol 55 mM 55 µM 100 µL 

Antibiotic-Antimycotic Solution 100X 1X 1 mL 

Basic FGF 10 µg/mL 12 ng/mL 120 µL 

Continued on next page 
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Preparing Reagents and Media, continued  
 

iPSC freezing 
medium 

Prepare the Freezing Media A and B immediately before use. 

1. In a sterile 15-mL tube, mix together the following reagents for every 1 mL of 
freezing medium A needed: 

Human ESC medium   0.5 mL 
KSR    0.5 mL 

2. In another sterile 15-mL tube, mix together the following reagents for every 
1 mL of freezing medium B needed: 

Human ESC medium   0.8 mL 
DMSO    0.2 mL 

3. Place the tube with freezing medium B on ice until use (you can keep freezing 
medium A at room temperature). Discard any remaining freezing medium 
after use. 
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Blasticidin 
  

Description Blasticidin S HCl is a nucleoside antibiotic isolated from Streptomyces griseo-
chromogenes which inhibits protein synthesis in both prokaryotic and eukaryotic 
cells. Resistance is conferred by expression of either one of two Blasticidin S 
deaminase genes: BSD from Aspergillus terreus (Kimura et al., 1994) or bsr from 
Bacillus cereus (Izumi et al., 1991). These deaminases convert Blasticidin S to a 
non-toxic deaminohydroxy derivative (Izumi et al., 1991). 

  
Handling 
Blasticidin 

Always wear gloves, mask, goggles, and a laboratory coat when handling 
Blasticidin. Weigh out Blasticidin and prepare solutions in a hood.  

 
Preparing and 
storing stock 
solutions 

• Blasticidin is soluble in water and acetic acid. 

• Prepare a stock solution of 5 to 10 mg/mL Blasticidin in sterile water and 
filter-sterilize the solution. 

• Aliquot in small volumes suitable for one time use and freeze at –20°C for 
long-term storage or store at 4°C for short term storage.  

• Aqueous stock solutions are stable for 1 week at 4°C and 6–8 weeks at –20°C.  

• pH of the aqueous solution should not exceed 7.0 to prevent inactivation of 
Blasticidin. 

• Do not subject stock solutions to freeze/thaw cycles (do not store in a frost-
free freezer). 

• Upon thawing, use what you need and discard the unused portion. 

• Medium containing Blasticidin may be stored at 4°C for up to 2 weeks. 

 
Determining 
Blasticidin 
sensitivity 

To select for stably transduced cells using Blasticidin, you must first determine the 
minimum concentration of Blasticidin required to kill your untransduced 
mammalian cell line (i.e., perform a kill curve experiment). Typically, 
concentrations ranging from 2–10 µg/mL Blasticidin are sufficient to kill most 
untransduced mammalian cell lines. We recommend that you test a range of 
concentrations (see protocol below) to ensure that you determine the minimum 
concentration necessary for your cell line. 

1. Plate cells at approximately 25% confluence. Prepare a set of 7 plates. Allow 
the cells to adhere overnight. 

2. The next day, substitute culture medium with medium containing varying 
concentrations of Blasticidin, as appropriate. 

3. Replenish the selective media every 3–4 days and observe the percentage of 
surviving cells. 

4. Determine the appropriate concentration of Blasticidin that kills the cells 
within 10–14 days after addition of antibiotic. 
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Preparing MEF Culture Dishes 
 

Coating culture 
vessels with gelatin 

1. Cover the whole surface of each culture vessel with Attachment Factor (AF) 
solution and incubate the vessels for 30 minutes at 37°C or for 2 hours at room 
temperature. 
Note: AF is a sterile 1X solution containing 0.1 % gelatin available from Invitrogen  
(see page 34 for ordering information). 

2. Using sterile technique in a laminar flow culture hood, completely remove the 
AF solution from the culture vessel by aspiration.  
Note: It is not necessary to wash the culture surface before adding cells or medium. 
Coated vessels may be used immediately or stored at room temperature for up to 
24 hours. 

 
Thawing MEFs 1. Remove the cryovial containing inactivated MEFs from the liquid nitrogen 

storage tank.  

2. Briefly roll the vial between hands to remove frost, and swirl it gently in a 
37°C water bath.  

3. When only a small ice crystal remains in the vial, remove it from water bath. 
Spray the outside of the vial with 70% ethanol before placing it in the cell 
culture hood. 

4. Pipet the thawed cells gently into a 15-mL conical tube. 

5. Rinse the cryovial with 1 mL of pre-warmed MEF medium. Transfer the 
medium to the same 15-mL tube containing the cells. 

6. Add 4 mL of pre-warmed MEF medium dropwise to the cells. Gently mix by 
pipetting up and down. 
Note: Adding the medium slowly helps the cells to avoid osmotic shock. 

7. Centrifuge the cells at 200 × g for 5 minutes. 

8. Aspirate the supernatant and resuspend the cell pellet in 5 mL of pre-warmed 
MEF medium. 

9. Remove 20 µL of the cell suspension and determine the viable cell count using 
your method of choice. 
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Preparing MEF Culture Dishes, continued 
 

Plating MEFs 1. Centrifuge the remaining cell suspension (step 9, page 27) at 200 × g for 
5 minutes at room temperature. 

2. Aspirate the supernatant. Resuspend the cell pellet in MEF medium to a 
density of 2.5 × 106 cells/mL. 

3. Aspirate the gelatin solution from the gelatin coated culture vessel (step 4, 
page 27), and wash the vessels once with PBS. 

4. Add the appropriate amount of MEF medium into each culture vessel (refer to 
the table below). 

5. Into each of these culture vessels, add the appropriate amount of MEF 
suspension (refer to the table below).  
Note: The recommended plating density for Gibco® Mouse Embryonic Fibroblasts 
(Irradiated) is 2.5 × 104 cells/cm2. 

6. Move the culture vessels in several quick back-and-forth and side-to-side 
motions to disperse the cells across the surface of the vessels.  

7. Incubate the cells in a 37°C incubator with a humidified atmosphere of 
5% CO2.  

8. Use the MEF culture vessels within 3–4 days after plating. 

 

Vessel size Growth area 
Volume of 
medium Number of MEFs* 

Volume of MEF 
suspension* 

96-well plate 0.32 cm2/well 0.1 mL 1.0 × 104/well 4 µL 

24-well plate 2 cm2/well 0.5 mL 5.0 × 104/well 20 µL 

12-well plate 3.8 cm2/well 1 mL 1.0 × 105/well 40 µL 

6-well plate 9.6 cm2/well 2 mL 2.5 × 105/well 0.1 mL 

60-mm dish 19.5 cm2 5 mL 5.0 × 105 0.2 mL 

100-mm dish 58.95 cm2 10 mL 1.5 × 106 0.6 mL 

25-cm2 flask 25 cm2 5 mL 6.3 × 105 0.25 mL 

75-cm2 flask 75 cm2 15 mL 1.9 × 106 0.75 mL 

* The number of MEFs and the volume of MEF suspension in these columns are based on a seeding density of  
2.5 × 104 cells/cm2, which is the recommended seeding density for Gibco® Mouse Embryonic Fibroblasts (Irradiated) 
(Cat. no. A11560). For other seeding densities, adjust the amounts accordingly. 

 

 

The number of cells and the volume of cell suspension given in the table above 
are optimized for MEFs only. For plating other cell types, calculate the number 
of cells to be plated using the growth area and the recommended plating 
density for the specific cell type you are using. 
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Generating a Stable Oct4-GFP Reporter Cell Line 
 

Stable Oct4-GFP 
Reporter cell line 

Lentivirus Oct4-GFP Reporter can be used for generating a stable Oct4-GFP 
reporter cell line that expresses Oct4-GFP upon successful reprogramming into 
iPSCs. Although hOct4-GFP expression is observed only in pluripotent cells, a 
small amount of basal GFP expression may be detected in non-pluripotent cells as 
a background (usually less than 10%).  

To create a stable Oct4-GFP reporter cell line, tranduce you cell target line with the 
Lentivirus Oct4-GFP Reporter and then perform Blasticidin selection to select for 
the stable transductants. This requires a minimum of 10–12 days after transduction, 
but allows the generation of clonal cell lines that stably express hOct4-GFP. 

 
Protocol for 
generating stable 
Oct4-GFP Reporter 
cell line 

1. Maintain your cells to be transduced under the recommended culture 
conditions using the appropriate culture medium. 

2. Determine the appropriate amount of Lentivirus Oct4-GFP Reporter to use for 
transduction based on Lentivirus CMV-GFP expression (see page 13). 

3. Prepare the transduction cocktail by diluting the Lentivirus Oct4-GFP 
Reporter in lentivirus transduction medium (see page 24) to a combined 
volume of 1mL per well of a 6-well plate. 

4. Add 1 mL of the reprogramming transduction cocktail in each well of a 6-well 
plate. If desired, add Polybrene® to a final concentration of 6 µg/mL (see 
page 23).  

5. Swirl the plate gently to mix and incubate it overnight in a 37°C incubator 
with a humidified atmosphere of 5% CO2.  

6. 24 hours following transduction, remove the medium from the transduction 
plate and replace with fresh, complete culture medium containing the 
appropriate amount of Blasticidin (see page 26).  

7. Incubate the cells at 37°C for 24 hours, then trypsinize and replate them into a 
larger-sized tissue culture format in fresh, complete culture medium 
containing Blasticidin. 

8. Replace medium with fresh medium containing Blasticidin every 2–3 days 
until you can identify Blasticidin-resistant colonies (generally 10–14 days after 
starting selection).  

Continued on next page 
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Generating a Stable Oct4-GFP Reporter Cell Line, continued 
 

Protocol for 
generating stable 
Oct4-GFP Reporter 
cell line,  
continued 

9. Pick at least 10 Blasticidin-resistant colonies and expand each clone. 
Alternatively, you may pool the heterogeneous population of Blasticidin-
resistant cells.  
Note: Integration of the lentivirus into the genome is random. Depending upon the 
influence of the surrounding genomic sequences at the integration site, you may see 
varying levels of gene expression from different Blasticidin-resistant clones. We 
recommend testing at least 10 Blasticidin-resistant clones, and selecting the clone that 
provides the lowest level of basal GFP expression. 

10. Once you have sufficient amount of Blasticidin-resistant colonies (i.e., stable 
Oct4-GFP reporter cells), aliquot to cryopreserve seeding stocks.  

11. To reprogram Oct4-GFP reporter cells, follow the basic reprogramming 
protocol (see page 15).  
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Generating an Inducible Reprogramming System 
 

pLenti3.3/TR 
plasmid 

The Lentivirus Reprogramming System enables the tetracycline-regulated 
expression of reprogramming genes. To generate an inducible system, you need to 
produce a Tet repressor virus using the pLenti3.3/TR plasmid, which is included 
in the ViraPower™ HiPerform™ T-REx™ Gateway® Expression System (Cat. no. 
A11141). 

The pLenti3.3/TR plasmid contains the TetR gene and the Neomycin resistance 
marker to allow stable expression of the Tet repressor in any mammalian cell line. 
To use pLenti3.3/TR:  

1. Co-transfect the vector and the ViraPower™ Packaging Mix into 293FT cells to 
generate a lentiviral stock.  

2. Transfect the Lenti3.3/TR lentiviral construct into the mammalian cell line of 
choice.  

3. Use Neomycin selection to generate a stable “ViraPower™ T-REx™” cell line 
expressing the Tet repressor. The ViraPower™ T-REx™ cell line becomes the 
host for reprogramming lentivirus particles.   

For more information, refer to the ViraPower™ HiPerform™ T-REx™ Gateway® 
Expression System manual, which is available at www.lifetechnologies.com.  

 

http://www.lifetechnologies.com/�
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iPSCs Derived from Different Species and Somatic Cell Types 
  

Introduction iPSCs have been derived from a number of different species and somatic cell 
populations, demonstrating that the fundamental features of the transcriptional 
network governing pluripotency is universally conserved (Stadtfeld & 
Hochedlinger, 2010). The table below, adapted from Stadtfeld and Hochedlinger’s 
review of induced pluripotency, lists the first demonstration of the 
reprogramming of a given cell type, the genetic factors used in reprogramming, 
and the smallest combination of reprogramming genes reported. 

 

Species Germ layer Cell type Factors* Reference 

Human Mesoderm Fibroblasts OKSM 
OSLN 
OKS 

(Takahashi et al., 2007) 
(Yu et al., 2007) 
(Nakagawa et al., 2008) 

Mobilized peripheral blood OKSM (Loh et al., 2009) 

Cord blood endothelial cells OSLN (Haase et al., 2009) 

Cord blood stem cells OKSM 
OS 

(Eminli et al., 2009) 
(Giorgetti et al., 2009) 

Adipose-derived stem cells OKSM 
OKS 

(Sugii et al., 2010) 
(Aoki et al., 2010) 

Endoderm Hepatocytes OKSM (Liu et al., 2010) 

Ectoderm Keratinocytes OKSM 
OKS 

(Aasen et al., 2008) 
(Aasen et al., 2008) 

Neural stem cells O (Kim et al., 2009) 

Extraembryonic Amniotic cells OKSM 
OSN 

(Li et al., 2009) 
(Zhao et al., 2010) 

* O: Oct4, K: Klf4, S: Sox2, M: c-Myc, N: Nanog, L: Lin28 

Continued on next page 
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iPSCs Derived from Different Species and Somatic Cell Types, 
continued 

  

Species Germ layer Cell type Factors* Reference 

Mouse Mesoderm Fibroblasts OKSM 
OKS 

(Takahashi & Yamanaka, 
2006) 
(Nakagawa et al., 2008; 
Wernig et al., 2008) 

Mature B and T cells OKSM (Eminli et al., 2009) 

Myeloid progenitors OKSM (Eminli et al., 2009) 

Hematopoietic stem cells OKSM (Eminli et al., 2009) 

Adipose-derived stem cells OKSM (Sugii et al., 2010) 

Dermal papilla OKM 
OK 

(Tsai et al., 2010) 
(Tsai et al., 2010) 

Endoderm Pancreatic β cells OKSM (Stadtfeld et al., 2008) 

Hepatic endoderm OKS (Aoi et al., 2008) 

Ectoderm Neural stem cells OK 
O 

(Kim et al., 2008) 
(Kim et al., 2009) 

Melanocytes OKM (Utikal et al., 2009) 

Rat Mesoderm Fibroblasts OKSM 
OKS 

(Liao et al., 2009) 
(Chang et al., 2010) 

Endoderm Liver progenitor cells OKS (Li et al., 2009) 

Ectoderm Neural progenitor cells OKS (Chang et al., 2010) 

Pig Mesoderm Embryonic fibroblasts OKSM (Esteban et al., 2009) 

Rhesus 
monkey 

Mesoderm Ear skin fibroblasts OKSM (Liu et al., 2008) 

Marmoset Mesoderm Skin fibroblasts OKSM (Wu et al., 2010) 

* O: Oct4, K: Klf4, S: Sox2, M: c-Myc, N: Nanog, L: Lin28 
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Accessory Products 
 

Lentivirus particles The lentivirus particles containing the various genetic factors necessary for 
reprogramming are available individually and not as a set. Each vial contains 1 mL 
of lentivirus particles at a concentration of 5 × 107 to 5 × 109 transducing units/mL.  

 
Product Quantity Cat. no. 

Lentivirus hOct4  1 mL A1357101 

Lentivirus hSox2  1 mL A1357201 

Lentivirus hKlf4  1 mL A1357301 

Lentivirus hc-Myc  1 mL A1357401 

Lentivirus hNanog  1 mL A1357501 

Lentivirus hLin28  1 mL A1357601 

Lentivirus CMV-GFP Reporter  1 mL A1357701 

Lentivirus Oct4-GFP Reporter  1 mL A1357801 

 
Media and reagents The following media and reagents are suitable for use with the Lentiviral 

Reprogramming system. Ordering information is provided below. For more 
information, refer to www.lifetechnologies.com or contact Technical Support 
(page 36). 

 
Product Quantity Cat. no. 

D-MEM with GlutaMAX™-I (high glucose) 500 mL 10569-010 

D-MEM/F-12 500 mL 10565-018 

Fetal Bovine Serum (FBS), ES Cell-Qualified 100 mL 16141-061 

Knockout™ Serum Replacement (KSR) 500 mL 10828-028 

MEM Non-essential Amino Acids (NEAA) 100 mL 11140-050 

Basic FGF, recombinant human 100 µg PHG0261 

β-mercaptoethanol 50 mL 21985-023 

Antibiotic-Antimycotic 100 mL 15240-062 

Attachment Factor 100 mL S-006-100 

TrypLE™ Select Cell Dissociation Reagent 500 mL 12563-029 

Trypsin, 0.05% with EDTA 4Na 100 mL 25300-054 

Collagenase Type IV 1 g 17104-019 

D-PBS without Ca2+ or Mg2+ 500 mL 14190-144 

Blasticidin 20 mL A11139-02 

Continued on next page 

http://www.lifetechnologies.com/�
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Accessory Products, continued 
  

Antibodies for 
characterizing 
iPSCs 

The following primary and secondary antibodies are used for characterizing 
iPSCs. Ordering information is provided below. For more information, refer to 
www.lifetechnologies.com or contact Technical Support (page 36). 

 

Product Quantity Cat. no. 

Mouse anti-Tra1-60 antibody  100 µg 41-1000 

Mouse anti-Tra1-81 antibody  100 µg 41-1100 

Mouse anti-SSEA4 100 µg 41-4000 

Alexa Fluor® 594 goat anti-mouse IgG (H+L) 
antibody  

0.5 mL A11032 

 

Additional products The following products are suitable for use with the Lentiviral Reprogramming 
system. Ordering information is provided below. For more information, refer to 
www.lifetechnologies.com or contact Technical Support (page 36). 

 
Product Quantity Cat. no. 

Gibco® Mouse Embryonic Fibroblasts 
(Irradiated) 

1 mL S1520-100 

ViraPower™ HiPerform™ T-REx™ Gateway® 
Expression System 

20 reactions A11141 

 

http://www.lifetechnologies.com/�
http://www.lifetechnologies.com/�
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Technical Support 
 

Obtaining support For the latest services and support information for all locations, go to 
www.lifetechnologies.com. 

At the website, you can: 

• Access worldwide telephone and fax numbers to contact Technical Support 
and Sales facilities 

• Search through frequently asked questions (FAQs) 

• Submit a question directly to Technical Support (techsupport@lifetech.com) 

• Search for user documents, SDSs, vector maps and sequences, application 
notes, formulations, handbooks, certificates of analysis, citations, and other 
product support documents 

• Obtain information about customer training 

• Download software updates and patches 

  
Safety Data Sheets 
(SDS) 

Safety Data Sheets (SDSs) are available at www.lifetechnologies.com/sds.  

 
Certificate of 
Analysis 

The Certificate of Analysis provides detailed quality control and product 
qualification information for each product. Certificates of Analysis are available 
on our website. Go to www.lifetechnologies.com/support and search for the 
Certificate of Analysis by product lot number, which is printed on the box.  

 
Limited Warranty Life Technologies Corporation is committed to providing our customers with high-quality 

goods and services. Our goal is to ensure that every customer is 100% satisfied with our 
products and our service. If you should have any questions or concerns about a Life 
Technologies product or service, contact our Technical Support Representatives.  
All Life Technologies products are warranted to perform according to specifications stated 
on the certificate of analysis. The Company will replace, free of charge, any product that 
does not meet those specifications. This warranty limits the Company’s liability to only 
the price of the product. No warranty is granted for products beyond their listed 
expiration date. No warranty is applicable unless all product components are stored in 
accordance with instructions. The Company reserves the right to select the method(s) 
used to analyze a product unless the Company agrees to a specified method in writing 
prior to acceptance of the order.  
Life Technologies makes every effort to ensure the accuracy of its publications, but 
realizes that the occasional typographical or other error is inevitable. Therefore the 
Company makes no warranty of any kind regarding the contents of any publications or 
documentation. If you discover an error in any of our publications, please report it to our 
Technical Support Representatives.  
Life Technologies Corporation shall have no responsibility or liability for any special, 
incidental, indirect or consequential loss or damage whatsoever. The above limited 
warranty is sole and exclusive. No other warranty is made, whether expressed or 
implied, including any warranty of merchantability or fitness for a particular purpose. 

  

http://www.lifetechnologies.com/�
mailto:techsupport@lifetech.com�
http://www.lifetechnologies.com/sds�
http://www.lifetechnologies.com/support�
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Purchaser Notification 
  

Introduction Use of the Lentiviral Reprogramming System is covered under the licenses 
detailed below. 

• Cat. nos. A1357101, A1357201, A1357301, A1357401, A1357501, and A1357601 
are covered under the Limited Use Label License nos. 358, 108, 308, 309, and 
317. 

• Cat. nos. A1357701 and A1357801 are covered under the Limited Use Label 
License nos. 358, 108, 127, 308, 309, and 317. 

  
Limited Use Label 
License No. 358: 
Research Use Only 

The purchase of this product conveys to the purchaser the limited, non-
transferable right to use the purchased amount of the product only to perform 
internal research for the sole benefit of the purchaser. No right to resell this 
product or any of its components is conveyed expressly, by implication, or by 
estoppel. This product is for internal research purposes only and is not for use in 
commercial applications of any kind, including, without limitation, quality 
control and commercial services such as reporting the results of purchaser’s 
activities for a fee or other form of consideration. For information on obtaining 
additional rights, please contact outlicensing@lifetech.com or Out Licensing, Life 
Technologies Corporation, 5791 Van Allen Way, Carlsbad, California 92008. 

 
Limited Use Label 
License No. 108: 
Lentiviral 
Technology 

The Lentiviral Technology (based upon the lentikat™ system) is licensed from 
Cell Genesys, Inc., for internal research purposes only. Use of this technology for 
gene therapy applications or bioprocessing other than for non-human research 
use requires a license from Cell Genesys (Cell Genesys, Inc. 342 Lakeside Drive, 
Foster City, California 94404). 

 
Limited Use Label 
License No. 127: 
GFP with 
Heterologous 
Promoter 

This product is sold under license from Columbia University. Rights to use this 
product are limited to research use only, and expressly exclude the right to 
manufacture, use, sell or lease this product for use for measuring the level of 
toxicity for chemical agents and environmental samples in cells and transgenic 
animals. No other rights are conveyed. Not for human use or use in diagnostic or 
therapeutic procedures. Inquiry into the availability of a license to broader rights 
or the use of this product for commercial purposes should be directed to 
Columbia Innovation Enterprise, Columbia University, Engineering Terrace-
Suite 363, New York, New York 10027. 

Continued on next page 
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Purchaser Notification, continued 
 

Limited Use Label 
License No. 308: 
WPRE Element 

This product contains the Woodchuck Post-transcriptional Regulatory Element 
(“WPRE”) which is the subject of intellectual property owned by The Salk 
Institute for Biological Studies, and licensed to Life Technologies Corporation. 
The purchase of this product conveys to the buyer the non-transferable right to 
use the purchased amount of the product and components of the product in 
research conducted by the buyer (whether the buyer is an academic or for-profit 
entity). The buyer cannot sell or otherwise transfer (a) this product (b) its 
components or (c) materials made using this product or its components to a third 
party or otherwise use this product or its components or materials made using 
this product or its components for Commercial Purposes. The buyer may transfer 
information or materials made through the use of this product to a scientific 
collaborator, provided that such transfer is not for any Commercial Purpose, and 
that such collaborator agrees in writing (a) not to transfer such materials to any 
third party, and (b) to use such transferred materials and/or information solely 
for research and not for Commercial Purposes. Commercial Purposes means any 
activity by a party for consideration and may include, but is not limited to: (1) use 
of the product or its components in manufacturing; (2) use of the product or its 
components to provide a service, information, or data; (3) use of the product or its 
components for therapeutic, diagnostic or prophylactic purposes; and/or (4) 
resale of the product or its components, whether or not such product or its 
components are resold for use in research. In addition, any use of WPRE outside 
of this product or the product’s authorized use requires a separate license from 
the Salk Institute. Life Technologies will not assert a claim against the buyer of 
infringement of patents owned by Life Technologies and claiming this product 
based upon the manufacture, use or sale of a therapeutic, clinical diagnostic, 
vaccine or prophylactic product developed in research by the buyer in which this 
product or its components was employed, provided that neither this product nor 
any of its components was used in the manufacture of such product or for a 
Commercial Purpose. If the purchaser is not willing to accept the limitations of 
this limited use statement, Life Technologies is willing to accept return of the 
product with a full refund. For information on purchasing a license to this 
product for purposes other than research, contact Licensing Department, Life 
Technologies Corporation, 5791 Van Allen Way, Carlsbad, California 92008, 
Phone (760) 603-7200. Fax (760) 602-6500, or The Salk Institute for Biological 
Studies, 10010 North Torrey Pines Road, La Jolla, CA 92037, Attn.: Office of 
Technology Management, Phone: (858) 453-4100 extension 1275,  
Fax: (858) 546-8093. 

Continued on next page 
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Purchaser Notification, continued 
 

Limited Use Label 
License No. 309: 
cPPT (DNA Flap) 
Element 

The purchase of this product conveys to the buyer the non-transferable right to 
use the purchased amount of the product and components of the product in 
research conducted by the buyer (whether the buyer is an academic or for-profit 
entity). The buyer cannot sell or otherwise transfer (a) this product (b) its 
components or (c) materials made using this product or its components to a third 
party or otherwise use this product or its components or materials made using 
this product or its components for Commercial Purposes. The buyer may transfer 
information or materials made through the use of this product to a scientific 
collaborator, provided that such transfer is not for any Commercial Purpose, and 
that such collaborator agrees in writing (a) not to transfer such materials to any 
third party, and (b) to use such transferred materials and/or information solely 
for research and not for Commercial Purposes. Commercial Purposes means any 
activity by a party for consideration and may include, but is not limited to: (1) use 
of the product or its components in manufacturing; (2) use of the product or its 
components to provide a service, information, or data; (3) use of the product or its 
components for therapeutic, diagnostic or prophylactic purposes; or (4) resale of 
the product or its components, whether or not such product or its components are 
resold for use in research. Life Technologies Corporation and Institut Pasteur will 
not assert a claim against the buyer of infringement of the above patents based 
upon the manufacture, use or sale of a therapeutic, clinical diagnostic, vaccine or 
prophylactic product developed in research by the buyer in which this product or 
its components was employed, provided that neither this product nor any of its 
components was used in the manufacture of such product. If the purchaser is not 
willing to accept the limitations of this limited use statement, Life Technologies is 
willing to accept return of the product with a full refund. For information on 
purchasing a license to the DNA-Flap technology for purposes other than 
research, contact the Transfer of Technology Office, Institut Pasteur, 28 rue du 
Docteur Roux, 75 724 Paris Cedex 15 (www.pasteur.fr). 

 
Limited Use Label 
License No. 317: 
LentiVector® 
Technology 

This product is licensed from Oxford BioMedica (UK) Ltd., Oxford, UK, and is 
provided for use in academic and commercial in vitro and in vivo research for 
elucidating gene function, and for validating potential gene products and 
pathways for drug discovery and development, but excludes any use of 
LentiVector® technology for: creating transgenic birds for the purpose of 
producing useful or valuable proteins in the eggs of such transgenic birds, the 
delivery of gene therapies, and for commercial production of therapeutic, 
diagnostic or other commercial products not intended for research use where 
such products do not consist of or incorporate a lentiviral vector. Information 
about licenses for commercial uses excluded under this license is available from 
Oxford BioMedica (UK), Ltd., Medawar Centre, Oxford Science Park, Oxford 
OX4 4GA UK enquiries@ oxfordbiomedica.co.uk or BioMedica Inc 11622 EI 
Camino Real #100, San Diego CA 92130- 2049 USA. LentiVector is a registered 
US and European Community trade mark of Oxford BioMedica plc. 
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