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Introduction
Much like embryonic stem cells, induced pluripotent stem cells
(iPSCs) are defined by the ability to self-renew and maintain
their pluripotency, therefore retaining the ability to be
differentiated into any cell type of the body. This property
makes iPSCs ideal candidates for use in a plethora of
disciplines, among them regenerative medicine, toxicology and
drug screening. Since the groundbreaking publications from Dr.
Yamanaka’s laboratories regarding the creation of mouse [1]
and human [2] induced pluripotent stem cells from fully
differentiated cells, research laboratories have been working
towards an efficient method of deriving these cells, without
leaving a genetic footprint as a byproduct from the
methodology used to generate them.
Previously published protocols include adenovirus and
lentivirus transduction as methods to introduce a combination
of transcription factors into terminally differentiated cells in
order to dedifferentiate them back to the pluripotent state of the
iPSC [3-5]. The most widely used combination of transcription
factors, commonly referred to as the Yamanaka Factors, include
a cocktail of c-MYC, KLF4, SOX2 and OCT4 [1,2]. These
protocols require several weeks and result in a low number of
pluripotent clones, making successful reprogramming a rare
event. More recently, a RNA virus known as Sendai, has been
used in the derivation of induced pluripotent stem cells [6]. This
virus replicates in the cytoplasm of the host cell and does not
integrate into the host genome. It infects a wide variety of cell
types, making reprogramming cells of several different linages
possible. In addition, the Sendai system has been noted to help
researchers improve efficiency; however, reprogramming
remains a dynamic process, requiring several weeks to
accomplish. Furthermore, the protocols that exist are nonstandardized and are often unique to different laboratories
and/or researchers. No matter the method of reprogramming,
researchers spend a significant amount time in the laboratory
examining sensitive cultures, tracking stem cell colony

Figure 1. Emerging colony during fibroblast reprogramming. Human neonatal
fibroblasts were reprogrammed using Life Technologies CytoTune®-IPS Sendai
Reprogramming Kit. An emerging colony grown on mouse embryonic fibroblast feeder
cells is observed 22 days into the reprogramming process. Images were acquired at 4x
in Whole Well Imaging Mode

emergence in non-physiological environments, evaluating
colony quality based on morphological markers, and eventually
monitoring and maintaining established iPSC clones.
The IncuCyte ZOOM Live Content Imaging system provides
an integrated time-lapse, whole well imaging acquisition and
analysis package which can be used to simplify iPSC work flow
by providing tools for monitoring and characterizing stem cell
colonies and rare events. In this package, software tools are
designed to simplify whole well scanning, as well as facilitate
clone tracking, clone selection, and culture maintenance. These
tools: 1) provide an easy way to observe colonies back in time,
enabling researchers to determine when they emerged and
examine what they looked like along the way, 2) minimize the
time cultures spend outside the incubator, 3) can be used to
standardize protocols and 4) minimize the time the researcher
spends on stereoscopes and in culture hoods (Figure 1). To
exemplify these software and hardware tools, we used Life
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Technologies CytoTune®-IPS Sendai Reprogramming Kit
(Cat# A1378001) to deliver the Yamanaka factors to both
human neonatal and adult fibroblasts in order to capture
successful reprogramming in both feeder and feeder free
conditions (Figure 2).
Approach and Methods
Cell Culture
For optimized reprogramming, cells were grown to 80-90%
confluent at the time of CytoTune®-IPS Sendai
Reprogramming reagent addition. In this study, human neonatal
foreskin fibroblasts and human adult dermal fibroblasts were
initiated into culture and grown in T75 cell culture flasks to
80% confluence as measured by an IncuCyte ZOOM. Both
fibroblast lines were cultured in DMEM (Gibco) supplemented
with 10% ES qualified fetal bovine serum (Gibco). They were
each passaged one time in order to keep the passage number
low, as these cell lines are primary sourced cell lines.
Reprogramming Procedure
Prior to starting the reprogramming experiment, fibroblasts
were lifted using TrypLE™ Express (Gibco) and each cell line
was seeded into two wells of a 6-well plate (Corning, Cat#3516)
at 2×105 cells per well. The plates were placed into IncuCyte
ZOOM with a 4x objective, in a HeraCell cell culture incubator
at 37˚C and 6% CO2. Whole well images were collected every
4 hours in phase-contrast and confluence was monitored. 48
hours later, the cells reached 80-90% confluence and the
reprogramming experiment was initiated. Life Technologies’
CytoTune®-IPS Sendai Reprogramming protocol was strictly
followed during the reprogramming event. Figure 2 shows the
schematic overview of the Life Technologies’ CytoTune®-IPS
Sendai protocol for reprogramming. On Day 0, cMYC, OCT4,
SOX2, and KLF4 containing Sendai Viruses were added
individually to the cultures. 24 hours later (Day 1), the media
was replaced with fresh fibroblast medium. Cell health was
monitored qualitatively using phase contrast images (Figure 3).
Alternatively, a membrane impermeable DNA dye (e.g.
YOYO-®1 (Life Technologies), CellTox Green™ (Promega))
can be added to a test well in order to assess, more
quantitatively, the amount of toxicity upon addition of
reprogramming reagents (see CellPlayer™ Cytotoxicity
Application).

Figure 2. Schematic overview of the CytoTune® reprogramming procedure for
fibroblasts, from Life Technologies.
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Figure 3. Monitor cell health during reprogramming. Neonatal foreskin fibroblasts
imaged just before (A) and 48 hours after (B) CytoTune® addition. Cell morphology has
changed dramatically during this time frame and continues to do so during the first seven
days of reprogramming.

On Day 7, transduced cells were harvested, counted, and plated
at 50,000 cells per well into 6-well plates containing either a
feeder layer of Mouse Embryonic Fibroblasts (MEFs;
Millipore) or a coating of Geltrex™ (Life Technologies). 24
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hours later (Day 8), media was changed to either Knockout™
Serum Replacement containing DMEM-F12 media (Gibco) in
the MEF feeder system or Essential 6™ (Gibco) media
supplemented with bFGF in the feeder free culture. Media was
replaced daily thereafter. Using the “whole well” scan mode,
wells were imaged every 4 hours so that the entire surface area
could be examined in the IncuCyte ZOOM software. Each well
was visually inspected daily using the automated navigation
and panning tools. At approximately day 12 (5 days after
reseeding), we began to observe emerging colonies (Figure 4).
Using software Point of Interest (POI) tools, colonies were
labeled and followed as soon as they were identified as

Day 7

Day 12

Day 17

Figure 4: Follow Colony Emergence. An emerging colony at day 7, day 12, and day
17.This iPSC colony was derived from neonatal fibroblasts, grown on mouse embryonic
fibroblasts, and identified at day 12. Moving backwards through the images, colonies
can be examined on the day they are passaged onto feeder cells.

Figure 5. Label and track colonies. Induced pluripotent colony derived from Human
adult dermal fibroblasts and cultured feeder free, on Geltrex™. Colony was tagged as a
point of interest and easily found and followed on a daily basis. Top image represents a
colony identified early in the process and labeled as a point of interest. The bottom
image shows the same colony six days later. The point of interest manager is used to
easily navigate between different colonies, take notes on colony characteristics, assign
beginning (day of seeding) and end (day of picking) points to each colony, and label
colonies appropriately.
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poossible pluripotent colonies (Figure 5). In combination, timelapse imaging and integrated software tools enable the
investigation of the complete timeline of colony emergence and
evolution: from reseeding to colony picking.
Initial Passaging and Subsequent Maintenance
Morphological characteristics of pluripotency typical of stem
cell colonies include: tight border, round, and many small cells
with higher nuclear to cytoplasmic ratio. These characteristics,
typically observed at >day 16 after post reprogramming, were
used to identify colonies for selection and passaging. In this
report, colonies were picked between days 19-22. To select

Figure 6. Digitally and physically mark the vessel. Digitally place pen marks around
the colonies for selection. Place the Marking Tool in the objective location and the pen
will place physical marks as defined in the software. The vessel can then be removed
from Zoom, taken into the biosafety cabinet and the colonies of interest can be removed
for expansion.

colonies, we first used IncuCyte ZOOM software tools to apply
a digital mark around the colonies selected for picking and
expansion within a whole well image (Figure 6). The IncuCyte
ZOOM Marking Tool was then used to transfer digital marks
within the software into physical markings on the actual plate
of cells (Figure 6). The culture plates were then brought directly
to the tissue culture hood and colonies were micro dissected
into several smaller pieces with a custom picking tool.
Individual colonies were given unique names according to the
colony from which they were dissected and plated into 6-well
plates prepared with MEF feeders (feeder system) or Geltrex™
coating (feeder free system), in KSR™ or complete Essential
8™ media, respectively. Note that Essential 8™, not Essential
6™ + bFGF is used at this time. Images were collected every 4
hours in phase-contrast. It has been shown that if a colony is not
pluripotent at the time of selection, morphological changes
associated with differentiation will be evident within the first
several passages after selection. Using the IncuCyte ZOOM,
monitoring the initiation of colonies into culture following
positive selection is simplified.

Figure 7. Calculating reprogramming efficiencies. The red fluorescent AP+ colonies
are counted and divided by the number of cells seeded in the well at day 7 of
reprogramming. That number is them multiplied by 100% to get the percent
reprogramming efficiency. In this case, 147 fluorescent colonies were counted, 50,000
cells were seeded at day 7 resulting in a reprogramming efficiency of 0.294%.
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Reprogramming Efficiency Calculations
Alkaline phosphatase activity is loosely associated with
pluripotency and terminal staining for alkaline phosphatase
activity is a standard method for calculating reprogramming
efficiency. In this study, a duplicate well of reprogrammed cells
(neonatal fibroblasts grown on a MEF feeder layer) was stained
with a red fluorescent/colorimetric alkaline phosphatase
reagent (Vector Laboratories; Vector® Red Alkaline
Phosphatase Substrate Kit 1) and colonies were counted using
the integrated image analysis tools within the IncuCyte ZOOM
software package (Figure 7). A size filter of 5×104 µm2 was
applied to define the minimum size of colonies counted. A total
of 147 colonies were counted from a starting density of 5×10 4
cells replated at day 7 following Yamanaka factor addition.
This resulted in a final reprogramming efficiency of 0.294%.
Post-Reprogramming Quality Control and Pluripotency
Validation
For routine cell culture maintenance, picked colonies were
monitored in IncuCyte ZOOM for evidence of differentiation
using whole well scans and software panning/navigation tools.
Based on colony diameter measurements, confluence metrics
(feeder free), and observations of colony spacing, preparations
were made for colony passage. Decisions to clean areas of
differentiation or colony removal were also made, and the
IncuCyte ZOOM Marking Tool was used to label plates
appropriately (circle for clean, square for remove) as shown in
Figure 6. This provided a point of reference for further
manipulation in a tissue culture hood at a later point in time.
Once cleaned or removed, marks were wiped from the plate
using 70% Ethanol and the vessel was placed back into the
IncuCyte ZOOM and scanning was resumed.
To confirm pluripotency, clones were stained for the surface
marker SSEA4, which is expressed during early development
and is an indicator of pluripotency in human embryonic stem
cells, and intracellularly for the presence of OCT4, a protein
highly expressed in pluripotent stem cells. Single (SSEA4) and
double (SSEA4 + OCT4) label immunocytochemistry was
performed using identical protocols. The cells were fixed with
4% paraformaldehyde and labeled with mouse anti-human
SSEA4 (Life Technologies) alone (Figure 8) or in combination

Figure 8. Single label confirmation of pluripotency. SSEA4 primary antibody paired
with Alexa Fluor® 488 secondary antibody confirmed pluripotency on a clone derived
from foreskin fibroblasts and grown in feeder free conditions on Geltrex™. Upper images
provides a magnified view of the colonies with the cell surface labeling, while the lower
images provides the whole well overview in green fluorescence.

with rabbit anti-human OCT4 (Life Technologies) (Figure 9).
Both single and double staining protocols revealed that these
clones express SSEA4 and the double staining protocol
indicates that this clone also expresses OCT4. These data
provide evidence of successful reprogramming to a pluripotent
state.
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Key Features of this Application:
1) Image stem cell colonies by moving backwards and
forwards through time: The kinetic aspect of
IncuCyte’s imaging system allows researchers to
identify emerging colonies at the earliest point they are
recognizable, and then track backwards to observe
what they looked like at the start.
2) Stable environment for sensitive cells: By
transferring a significant portion of the workflow to
the IncuCyte ZOOM, scanning and examination of
sensitive cultures is done while the cells are inside the
incubator.
3) Facilitates collaboration and training: The ease at
which images, image collections, or movies can be
generated and organized promotes sharing of
knowledge between colleagues and collaborators and
provides an excellent tool for training researchers new
to the field.
4) Software features aid in recordkeeping and
standardize protocols: Software features enable
users to easily scan through images, label points of
interest, make note of important associated
characteristics, and obtain quantitative information
from images using integrated image processing tools.

Figure 9. Double label confirmation of pluripotency. SSEA4 primary antibody paired
+ Alexa Fluor® 488 secondary antibody combined with OCT4 primary antibody + Alexa
Fluor® 594 secondary antibody. Top image is the whole well overview and the bottom
image is a magnified image of two colonies from this well expressing both markers of
pluripotency. These are iPSCs derived from human adult dermal fibroblasts and grown
on mouse embryonic fibroblast feeder cells.

5) IncuCyte ZOOM Marking Tool: Digital marks
made within the software can be directly transferred to
actual plates using the IncuCyte ZOOM Marking
Tool. The vessel can then be removed from the
IncuCyte, taken into the biosafety cabinet and
stereoscope for manipulation.
6) Less congestion on shared equipment: Tissue
culture hoods and stereo microscopes are shared in the
laboratory. Integrating the IncuCyte ZOOM into your
work flow can alleviate congestion.

About the IncuCyteTM Live-Cell Imaging System
The Essen BioScience IncuCyteTM Live-Cell Imaging System is a compact, automated microscope.
The IncuCyteTM resides inside your standard tissue culture incubator and is used for long-term kinetic
imaging. To request more information about the IncuCyteTM, please visit us at www.essenbioscience.com.
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