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Abstract

Transplantation of photoreceptor precursor cells (PPCs) differentiated from human embryonic stem cells
(hESCs) is a promising approach to treat common blinding diseases such as age-related macular degenera-
tion and retinitis pigmentosa. However, existing PPC generation methods are inefficient. To enhance
differentiation protocols for rapid and high-yield production of PPCs, we focused on optimizing the
handling of the cells by including feeder-independent growth of hESCs, using size-controlled embryoid
bodies (EBs), and addition of triiodothyronine (T3) and taurine to the differentiation medium, with
subsequent removal of undifferentiated cells via negative cell-selection. Our novel protocol produces higher
yields of PPCs than previously reported while reducing the time required for differentiation, which will help
understand retinal diseases and facilitate large-scale preclinical trials.
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1 Introduction

Retinal degenerations resulting in irreversible vision loss, such as
age-related macular degeneration (AMD) and retinitis pigmentosa
(RP), affect millions of people around the world. These and other
retinal degenerations lead to loss of cells in the retinal pigment
epithelium and/or neurosensory retina, which can ultimately lead
to blindness. Although there are some effective therapies for “wet”
AMD (e.g., anti-VEGF agents and photodynamic therapy), there
are no available treatments for most retinal degenerations including
“dry” AMD, RP, and other hereditary retinal dystrophies.

Cell transplantation is a promising approach for replacing dam-
aged, degenerating cells of the neural retina. However, finding the
optimal source of transplantable cells and achieving efficient produc-
tion of sufficient amounts of the desired cells remain challenging. It
has been proposed that the appropriate cells for transplantation are
ones that have been partially differentiated towards the retinal fate (1)
although the optimal stage has yet to be determined.

In the past several years, significant advances have been made in
obtaining and generating cells derived from fetal retinal tissue (1),
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human adult stem cells (2, 3), human embryonic stem cells (hESCs;
(4)), and induced pluripotent stem cells (iPSCs; (5)). Most work
has been focused on hESCs as these stem cells have a remarkable
capacity for self-renewal and can differentiate into any cell type in
the body under the right conditions. These characteristics make
them an ideal source for cell replacement therapies.

Exposing hESCs to growth factors and modulators of develop-
mental signaling pathways that mimic normal retinal development
has successfully directed undifferentiated hESCs to both retinal
pigment epithelium (6, 7) and neural retina cell fate (8, 9). Most
of the reported protocols begin with the formation of embryoid
bodies (EBs), which are sphere-like structures derived from undif-
ferentiated hESC colonies (10, 11). These EBs were formed by
enzymatically detaching hESC colonies and allowing them to
“curl” and form a sphere. Using these techniques resulted in a
differentiated cell population that consisted of a mixture of most
cell types of the neural retina (e.g. ganglion cells, amacrine cells,
bipolar cells, horizontal cells, and photoreceptor cells) (6–9).

One of the limiting factors in the production of meaningful
amounts of retinal precursor cells for preclinical and clinical studies
has been the time-consuming nature of the differentiation proto-
cols (up to 150 days) that often result in low yields of the desired
cells (8, 9, 12). As a consequence, the differentiation process can
also be very expensive.

Our goal was to develop a method to efficiently produce large
amounts of retinal precursor cells. We focused on developing a
protocol for just one cell type, photoreceptor precursor cells
(PPCs), rather than the production of a range of retinal cells
because that is the cell type most in demand for preclinical trials.
We modified information from several previous studies and experi-
mented with EBs of variable sizes.

The resulting novel protocol begins with the feeder-free
growth and the use of chemically defined media for hESC mainte-
nance, reducing the variability associated with growth on feeder
cells. The second stage is the use of size-selected EBs with a diame-
ter of ~200 μm, containing 1,000 cells, to synchronize the differ-
entiation process and finally, the addition of taurine and T3 during
the differentiation period. This method produces, in 17 days, a cell
population enriched for PPCs that express BLIMP1 (a protein
expressed in early photoreceptor development) (13, 14), CRX,
recoverin, and s-opsin.

The protocol outlined in this chapter describes in detail the
maintenance and expansion of undifferentiated hESCs grown in
feeder-free systems and the multistep generation of PPCs over the
course of 17 days. The protocol then summarizes a method we use
to confirm the identity of the PPCs: RT-qPCR and flow cytometry.
We also outline the procedure to further enrich PPC purity using
magnetic separation to remove undifferentiated cells still expressing
the hESC marker SSEA-4.
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2 Materials

2.1 Culture of

Undifferentiated hESCs
1. The hESC line used: WA-09 (WiCell Research Institute).

2. hESC growth media: Complete TeSR™2 (STEMCELL
Technologies).

3. Dispase (1mg/ml inDMEM/F-12; STEMCELLTechnologies).

4. Serological glass pipettes.

2.2 Surface Coating

for Adherent Cell

Growth of hESCs and

Differentiating PPCs

1. Growth Factor Reduced Matrigel™ (BD Biosciences).

2. DMEM/F-12 (Life Technologies).

3. Six-well plates with Nunclon-treated surface (Nunc).

2.3 Generation

of PPCs from

Undifferentiated hESCs

1. Accutase™ (STEMCELL Technologies).

2. Dispase.

3. AggreWell™ 400 plate (STEMCELL Technologies).

4. Cell strainers (40 and 100 μm pores; Fisher or STEMCELL
Technologies).

5. Ultra-Low Attachment plates (Corning).

6. EB formation medium: TeSR™2 supplemented with 10 μM
Rho-Associated Coil Kinase (ROCK) inhibitor (STEMCELL
Technologies).

7. EB resuspension medium: DMEM/F12, 10 % knockout serum
replacement, custom B-27 and N-2 supplements (Life Tech-
nologies), 1 ng/ml mouse noggin, 1 ng/ml recombinant
human Dkk-1 and 5 ng/ml recombinant human IGF-1
(R&D Systems).

8. PPC differentiation medium: DMEM/F12, custom B-27 and
N-2 supplements, 10 ng/ml mouse noggin, 10 ng/ml recom-
binant human Dkk-1, 10 ng/ml recombinant human IGF-1
and 5 ng/ml recombinant human basic FGF (Life Technolo-
gies). When indicated, 20 mM taurine (Sigma) and 40 ng/ml
triiodothyronine (T3; Sigma) are added to the differentiation
medium as specified below.

9. The factors: Noggin, Dkk-1 and basic FGF are dissolved in
Dulbecco’s PBS (DPBS; Life Technologies) containing 0.1 %
bovine serum albumin (BSA) at a concentration of 10, 100 or
2 μg/ml, respectively. IGF-1 was dissolved in DPBS at a con-
centration of 200 μg/ml. All factors should be stored in single-
use aliquots at �80 �C.

10. T3 is first dissolved in 1NNaOHat 100mg/ml and then diluted
in DMEM to 40 μg/ml. Stored in single-use aliquots at�80 �C.
Taurine powder can be directly dissolved in PPC differentiation
medium and filter-sterilized before use.
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2.4 Magnetic

Removal of

Undifferentiated Cells

1. SSEA-4 Positive Selection kit (STEMCELL Technologies).

2. EasySep® Magnet (STEMCELL Technologies).

3. Accutase.

4. Polystyene 5 ml round-bottom tubes (Falcon).

5. Selection buffer: DPBS, 2 % Fetal Bovine Serum (FBS) and
1 mM EDTA.

2.5 Reverse

Transcription

Quantitative

Polymerase Chain

Reaction (RT-qPCR)

1. Aurum™ Total RNA Fatty and Fibrous Tissue kit (Bio-Rad).

2. iScript™ cDNA Synthesis kit (Bio-Rad).

3. UltraPure™ DNase/RNase-free Distilled water (Life
Technologies).

4. FAM- or VIC-labeled TaqMan®Gene Expression primers (Life
Technologies).

5. TaqMan® Universal Master Mix (Life Technologies).

6. MicroAmp® 96-well reaction plate and the corresponding
Optical Adhesive Covers (Applied Biosystems).

7. Real Time PCR System, such as the ViiA™ 7 (Applied
Biosystems).

2.6 Flow Cytometry

2.6.1 Cell Surface

Labeling

1. Accutase.

2. Blocking buffer: DPBS with 10 % human Serum (Sigma).

3. Washing and resuspension buffer: DPBS with 2 % FBS.

4. Polystyene 5 ml round-bottom tubes.

5. Primary antibody, as desired (see note 1).

6. Alexa Fluorophore-conjugated secondary antibody.

7. Propidium iodide (Life Technologies).

2.6.2 Intracellular

Labeling

1. Accutase.

2. DPBS with 2 % FBS.

3. DPBS with 2 % paraformaldehyde (PFA).

4. Saponin Permeabilization Buffer (SPB): DPBS, 0.1 % Bovine
Serum Albumin (BSA) and 0.2 % saponin (Sigma).

5. Polystyene 5 ml round-bottom tubes.

6. Primary antibody, as desired (see note 2).

7. Alexa Fluorophore-conjugated secondary antibody.

3 Methods

3.1 Coating Plates

with Matrigel™
Both human embryonic stem cells (hESCs) and differentiating
PPCs grow on tissue culture plates coated with Matrigel. Matrigel
is supplied as a frozen solution. Thaw on ice overnight in a 4 �C
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refrigerator and make single-use aliquots into precooled 1.5 ml
centrifuge tubes using precooled pipette tips (see note 3). It is
important to keep all the solutions cold prior to coating, as Matri-
gel will solidify rapidly at room temperature.

1. For coating a 6-well plate, remove an aliquot of 0.5 mg Matri-
gel from the �80 �C freezer and place on ice (see note 3).

2. Dispense 5 ml of cold DMEM/F-12 into a 15 ml conical tube.

3. Add 1 ml cold DMEM/F-12 to the frozen Matrigel aliquot
and pipette up and down to dissolve. Quickly transfer the
Matrigel solution to the conical tube and mix well.

4. Distribute 1 ml of diluted Matrigel per well, swirl the plate to
ensure uniform coating and incubate at room temperature for
at least 1 h.

5. If the coated plate is to be used more than 1 h later, add 1 ml of
DMEM/F-12 to prevent the surface from drying (see note 4).

3.2 Culture

of Undifferentiated

Human Embryonic

Stem Cells

1. Culture the hESC line WA09 in TeSR™2 growth medium in a
37 �C incubator in 5 % CO2. Change medium daily and manu-
ally remove spontaneously differentiating cells, as needed.

2. Passage cells every 4–6 days by incubating the cells with 1 ml
Dispase per well. When colonies start to “curl” and detach
from the surface (typically 5–10 min), remove the Dispase
solution and carefully wash colonies two times with DMEM/
F12. Using a glass pipette and 2 ml of fresh DMEM/F-12, the
colonies should be gently scraped off the surface and collected
in a 15 ml conical tube. Use 2 ml fresh DMEM/F-12 to collect
the remaining colonies and add to the conical tube. Centrifuge
the cell suspension for 5 min at 300 � g and resuspend the cell
pellet in fresh TeSR™2 by slowly pipetting up and down to
break the colonies to smaller pieces. Distribute the colonies on
Matrigel coated plates, according to the split ratio required,
and slowly move the plates side to side and front to back to
uniformly disperse the colonies.

3.3 Generation

of PPCs from hESCs

The differentiation of hESCs to PPCs is a multistep procedure
(Fig. 1). The first step is the generation of size-controlled embryoid
bodies (EBs), which we have recently shown can be used to
enhance the yield of PPCs (15). The generation of size-controlled
EBs can be performed in two ways; manual selection of medium-
sized EBs, which result in the highest proportion of PPCs when
separated from a mixed-size EB population, or by using the com-
mercially available AggreWell 400 plate to generate 1,000-cell EBs
(see note 5). The protocol below outlines both methods. Represen-
tative images of the EBs generated by this protocol can be seen
in Fig. 2.
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3.3.1 Generation and

Manual Selection of

Medium-Size EBs

1. Incubate hESCs with Dispase at 37 �C until colonies begin to
peel off the plate (typically 20–30 min). Gently wash the colo-
nies with the Dispase solution, transfer to a 15 ml conical tube,
and collect residual colonies with 2 ml of DMEM/F-12 per
well. Let the colonies settle to the bottom of the tube for
~5 min, aspirate the supernatant, and wash the colonies with
4–6 ml of fresh DMEM/F-12. After colonies have settled
down and the supernatant aspirated the second time, resuspend
the colonies in EB resuspension buffer and place on Ultra-Low

Fig. 1 Schematic representation of the photoreceptor precursor cells differentiation protocol

Fig. 2 Representative images of the EB sizes produced in this protocol. Scale bar is 400 μm
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Attachment plates in a volume of 5 ml per well for 3 days in the
37 �C incubator (see note 6). Move the plates slowly from side
to side and front to back 3–4 times daily, to prevent sticking
of EBs.

2. At day 4 of incubation, place the plate in the sterile tissue
culture hood and manually remove the largest EBs (diameter
of ~400 μm or more) using a 200 μl pipette tip, and pass the
remaining suspension over 100 μm nylon cell strainer (see note
7). Single cells and small EBs will flow through. Turn the cell
strainer so that the EBs are facing a new 50 ml conical tube and
elute the “trapped” EBs in 2–4 ml PPC differentiation
medium. Distribute the eluted EBs on Matrigel-coated plates
and move the plate from side to side and front to back to evenly
distribute the EBs (see note 8).

3.3.2 Manufacture

of 1,000-Cell EBs Using

AggreWell Plates

1. Wash one or more wells of hESCs once with DMEM/F-12,
aspirate and replace with 0.75 ml of room temperature Accu-
tase per well. Incubate the cells at 37 � C for 5–10 min, until
most cells have dislodged. With a 1 ml tip, pipette the cells
several times to dissociate any remaining clumps and collect the
cell suspension of all wells into a conical tube. Collect the
remaining cells with 4 ml DMEM/F-12 per well into the
same tube and pellet cells by centrifugation for 5 min at
300 � g. Resuspend the cell pellet in 1 ml EB formation
media and count the viable cells with trypan blue. To generate
1,200 EBs with 1,000 cells per EB, add ~1.2 � 106 cells to one
well of the AggreWell400 and centrifuge the AggreWell plate
for 3 min at 100 � g. Place the AggreWell plate in a 37 � C
incubator for 24 h.

2. Harvest EBs by pipetting the medium in the well up and down
several times with a 1 ml tip to dislodge most of the EBs. Pass
the EB suspension through a 40 μm cell strainer and wash the
AggreWell five more times with 1 ml of DMEM/F-12 to
dislodge the remaining EBs. Pass all the suspensions through
the same cell strainer.

3. Invert the cell strainer so that the EBs are facing a 50 ml conical
tube. Release the EBs from the cell strainer in 5 ml of EB
resuspension buffer and distribute evenly to two or more
wells (see note 9). The final volume in each well should be
5 ml of EB resuspension buffer.

4. Incubate the EBs for 3 days in the 37 �C incubator. To prevent
sticking of EBs, move the plate slowly from side to side and
front to back 3–4 times daily. At day 4 of incubation, collect all
the EBs in a 50 ml conical tube and centrifuge for 5 min at
100 � g. Aspirate the medium and carefully resuspend the EBs
in PPC differentiation medium (2 ml per well, see note 10).
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Evenly distribute the EBs on Matrigel coated plates by moving
the plate from side to side and front to back.

3.3.3 Adherent Growth

of PPCs

1. Culture the cells, originating from EBs generated by both
manual size selection and AggreWell plates, in PPC differentia-
tion medium for 2 weeks without passaging. Change the
culture medium every other day. On the 7th day of adherent
growth, supplement the PPC differentiation medium with tau-
rine and T3 (20 mM and 40 ng/ml, respectively) and continue
with the same feeding schedule.

2. After 2 weeks of adherent growth, cells may be frozen in PPC
differentiation medium containing 10 % DMSO for future use,
or they may be harvested for analysis of differentiation stage.

3.4 Analysis

of Differentiation

Stage Using RT-qPCR

Relative gene expression can be quantified with the TaqMan®

primer/probe system. Use FAM-labeled primers for the gene of
interest and VIC-labeled primers for an internal control (such as
GAPDH). All the details described below refer to the use of the
TaqMan® system and the ViiA™ 7 Real Time PCR system.

1. Following 17 days of differentiation, isolate total RNA from
cell cultures using the Aurum™ Total RNA Fatty and Fibrous
Tissue kit according to the manufacturer’s instructions.

2. For each sample to be processed, use the iScript™ cDNA
Synthesis kit to reverse transcribe 1 μg of total RNA according
to the manufacturer’s instructions.

3. Dilute the resulting cDNA 1:10 by adding 180 μl UltraPure™
distilled water. Further dilute a portion of the 10x diluted
sample 1:2 to make a “working stock” of 20� (see note 11).
All samples should be stored at �20 �C.

4. The RT-qPCR reaction mix is as follows (scale up according to
the number of samples required):

6 μl UltraPure™ distilled water

10 μl TaqMan® Universal Master Mix

1 μl FAM-labeled TaqMan® Gene Expression assay (gene of
interest; see note 12)

1 μl VIC-labeled TaqMan® Gene Expression assay (internal
control)

2 μl cDNA

20 μl total volume per reaction

5. Load all samples into the 96-well plate, seal the plate with an
optical adhesive film, centrifuge the plate briefly and load the
plate into the instrument. Thermal cycling conditions should
be as follows: initial incubation consisting of 2 min at 50 �C and
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then 10 min at 95 �C, followed by 40 cycles of: 15 s at 95 �C
and 1 min at 60 �C.

6. Analyze the data using the comparative CT method to calculate
the fold change in the expression of the gene of interest com-
pared to a calibrator (such as undifferentiated cells).

3.5 Flow Cytometry The protocols detailed below have been optimized for the antibo-
dies we used to detect specific cell surface and intracellular antigens
(SSEA-4 and CRX, respectively; see notes 1 and 2).

3.5.1 Cell Surface

Labeling

1. To collect and make a single cell suspension, use Accutase as
described in Sect. 3.3.2. Note that differentiated cells detach
quicker with Accutase than undifferentiated hESCs (less than
5 min). Use ice-cold DPBS to resuspend the resulting cell
pellet.

2. Count the cells and distribute ~2 � 105 cells per sample into a
1.5 ml conical tube.

3. Centrifuge the tubes at 300 � g for 5 min and resuspend the
cell pellet in 100 μl DPBS/10 % human serum. Block on ice for
~10 min.

4. Add 1 μl of anti-SSEA-4 antibody directly to each sample,
vortex briefly, and incubate on ice for 30 min.

5. Add 1 ml of DPBS/2%FBS, vortex briefly, and centrifuge the
tubes at 300 � g for 5 min.

6. Aspirate the supernatant and resuspend each cell pellet in 100 μl
of Alexa-488 goat anti-mouse IgG diluted 1:400 in DPBS/2 %
FBS.

7. Vortex briefly and incubate on ice in the dark for 15 min.

8. Aspirate the supernatant, add 1 ml of DPBS/2%FBS, vortex
briefly, and centrifuge the tubes at 300 � g for 5 min.

9. Aspirate the supernatant and resuspend the cell pellets in 300 μl
of DPBS/2%FBS supplemented with propidium iodide
(diluted 1:1,000). Transfer the cell suspension into a 5 ml
round-bottom tube.

10. Analyze on a flow cytometer instrument, such as the BD Bios-
ciences FACSCalibur.

3.5.2 Intracellular

Labeling

1. Prepare a single-cell suspension as described above, but resus-
pend the cell pellet in ice-cold DPBS/2 % FBS.

2. Count the cells and distribute ~8 � 105 cells per sample into a
1.5 ml conical tube.

3. Centrifuge the tubes at 300 � g for 5 min and fix the cells by
resuspending the pellet in 250 μl DPBS/2 % PFA and incubat-
ing for 15 min on ice.
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4. Add 1 ml of DPBS/2%FBS, mix carefully, and centrifuge the
tubes at 300 � g for 5 min.

5. Aspirate the supernatant and permeabilize the cells by resus-
pending the pellet with 0.5 ml Saponin Permeabilization Buffer
(SPB) and then incubate for 15 min at room temperature.

6. Centrifuge the tubes at 300 � g for 5 min, aspirate the super-
natant and resuspend each cell pellet in 100 μl CRX antibody
diluted 1:200 in SPB.

7. Incubate at room temperature for 30 min.

8. Perform two washes by the addition of 1 ml of SPB to each
sample, mix carefully and centrifuge at 300 � g for 5 min.

9. After aspirating the supernatant for the second time, resuspend
each cell pellet in 100 μl of Alexa-488 goat anti-rabbit IgG
diluted 1:400 in SPB.

10. Incubate on ice for 20 min and perform two washes as
described above.

11. Resuspend cell pellets in 300 μl of DPBS/2 % FBS and transfer
the cell suspension into a 5 ml round-bottom tube.

12. Analyze on a flow cytometer instrument, such as the BD Bios-
ciences FACSCalibur.

3.6 Magnetic

Removal of Residual

Undifferentiated Cells

Using EasySep®

Magnetic Selection

System

In order to reduce the risk of tumors resulting from residual undif-
ferentiated cells, cells expressing hESC surface markers, such as
stage-specific embryonic antigen-4 (SSEA-4), can be magnetically
removed from the total cell population to enrich for the desired
differentiated cells. The procedure below describes the depletion of
SSEA-4 expressing cells using the EasySep® positive selection kit.

1. Following 17 days of differentiation collect the total cell popu-
lation with Accutase, as described above (Sect. 3.3.2) and
resuspend in 100 μl of selection buffer (see note 13). Note
that differentiated cells detach quicker with Accutase than
undifferentiated hESCs (less than 5 min).

2. Add 10 μl Selection Cocktail, mix well and incubate at room
temperature for 15 min.

3. Mix Magnetic nanoparticles by pipetting up and down several
times and add 5 μl to the cell suspension. Mix well and incubate
at room temperature for 15 min.

4. Top up the cell suspension with selection buffer to a volume of
2.5 ml. Mix well, place the tube into the EasySep magnet, and
set aside for 10 min.

5. Pick up the magnet and invert the magnet and tube, pouring
the desired fraction into a new 5 ml tube.
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6. Remove the tube with the unwanted cells and place the tube
containing the desired fraction inside the magnet for a second
round of magnetic separation. Repeat step 5.

7. The enriched cells can now be used for further experiments.

4 Notes

1. For cell surface labeling, we used the anti-human SSEA-4
monoclonal antibody, clone MC-817-70 (gift from Dr. Connie
Eaves), which is now commercially available from several com-
panies (e.g. STEMCELLTechnologies andMillipore). We used
this antibody at a 1:100 dilution.

2. For intracellular labeling, we used the anti-CRX (cone rod
homeobox) rabbit polyclonal antibody developed in our lab
(16). When using the above protocol it is crucial to titrate the
relevant antibody on a sample that is known to express the
protein of interest.

3. As mentioned above, Matrigel solidifies rapidly at room tem-
perature. When preparing single-use aliquots for future use,
make sure the tubes and tips are precooled in a �80 �C freezer
a day before. One 6-well culture dish requires 0.5 mgMatrigel.
It is useful to make aliquots of 0.5, 1, and 2mgMatrigel to coat
1, 2, and 4 plates, respectively.

4. Coated plates can be stored at 4 �C for up to 1 week but need to
be warmed to room temperature for at least 30 min before use.

5. We saw a significant improvement in the yield of PPCs when
using the Aggrewell™400 to produce 1,000-cell EBs. How-
ever, if AggreWell plates are not available, medium sized EBs
can be separated from a mixed size EB population to yield the
highest percentage of PPCs in comparison to the mixed-size
EB population and the small- and large-sized EBs. Refer to our
2013 paper (15) regarding size-controlled EBs.

6. EBs generated from one confluent well of undifferentiated
hESCs are transferred into one well of an Ultra-Low Attach-
ment plate. This can be scaled up in the same ratio to generate
larger amounts of PPCs.

7. The largest EBs can be distinguished visually. Using a pipette
with a 200 μl pipette tip, these EBs can be picked up and
discarded.

8. Typically, medium size EBs from several wells of mixed-size
EBs were pooled together and evenly distributed onto Matrigel
coated plates in a ratio of 1:1.5–1:2 (for example, from two
wells of mixed-size EBs in suspension, three wells of medium
size EBs were cultured).
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9. STEMCELL Technologies recommends incubating <1,000
EBs, generated in AggreWell plates, in one well of low attach-
ment plate. When we generate EBs in one AggreWell we trans-
fer the EBs into two low attachment wells, but when generating
2–3 AggreWells the resulting EBs are incubated in 3–4 low
attachment wells, respectively.

10. The plating density of AggreWell EBs should be 500–600 EBs
per one well of a 6-well plate, assuming 1,200 EBs are har-
vested from each AggreWell used.

11. cDNAwas typically divided to a “working” sample (20�) and a
“back up” sample (10�), to be used later on or in the case of an
accidental contamination. The “working” stock is at a concen-
tration of approximately 2.5 ng/μl and we use 2 μl (5 ng) for
each RT-qPCR reaction.

12. Each RT-qPCR reaction contains FAM-labeled primer for the
gene of interest and a VIC-labeled primer to amplify GAPDH.
This way we can normalize all reactions to one internal control
in the same reaction.

13. The manufacturer recommends using 100 μl selection buffer
for samples containing up to 1.25 � 107 cells. In our laboratory
we have not used samples that required a higher volume of
selection buffer. However, this volume can be scaled up as
required.
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