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Abstract

Cardiac side population (CSP) cells, defined by their ability to efflux the vital dye Hoechst 33342, 

have been identified as putative cardiac stem cells based on their potential to give rise to both 

cardiomyocytes and endothelial cells. The CSP phenotype relies on an active metabolic pathway 

and cell viability to identify a rare population of cells and therefore technical differences in the 

CSP staining protocol can lead to inconsistent results and discrepancies between studies. Here we 

describe an established protocol for CSP identification and have optimised a protocol for CSP 

analysis utilizing an automated cardiac digestion procedure using gentleMACs dissociation and 

Hoechst 33342 staining followed by dual wavelength flow cytometric analysis.
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Introduction

In recent years there has been an accumulation of evidence challenging the supposition that 

the heart is a terminally differentiated, post-mitotic organ. Initial studies focussed on the 

evidence of cardiomyocyte replication in the diseased human heart [1–3], and although the 

frequency was low, evidence for cardiomyocyte cell division was observed raising the 

possibility that an un-differentiated cardiac stem cell might also be present. These and other 

data prompted investigators to identify and characterise putative cardiac stem cells. One 

approach that has proven useful in the study of stem cells in other organ systems has been to 

identify candidates by virtue of the cell surface antigenic markers they express. Cardiac cells 

possessing markers characteristic of stem cell populations, such as Sca1 and c-kit [4–8] have 

been directly identified in adult hearts, and have also been shown to be enriched in 

cardiosphere culture [9–12]. Another common approach has been to use dye exclusion to 

isolate the cardiac ‘side population’ (SP) which express the ATP-binding cassette (ABC) 

transporters [13].

SP cells were originally identified in the haematopoietic lineage as a candidate stem cell 

population, and have also been used to isolate cell populations from tissues including lung, 

mammary gland, testes, kidney, skin, and skeletal muscle where they have been shown to 

overlap with stem cell activity and regenerative potential [14–23]. Within the heart, the CSP 

has been reported to comprise 0.03 %–3.5 %, of the total mononuclear cell fraction [3, 6, 13, 

24–26]. CSP cells have been demonstrated to be capable of self-renewal, and in vitro can 

differentiate to form functionally mature cardiomyocytes. Furthermore, following 

transplantation CSP cells contribute to the formation of multiple cardiac cell types including 

cardiomyocytes [3, 6, 13, 27]. The combination of mechanical dissociation and enzymatic 

digestion is required to obtain single cell preparations for CSP analysis. To date, depending 

on the study, digestion has been achieved using enzymes including collagenase, trypsin, 

pronase and dispase. As with all SP populations, the CSP phenotype relies on functional 

biological processes and cell metabolism to efflux vital dyes, variations in the CSP 

percentage between different studies may reflect these different digestion protocols [3, 6, 13, 

24–26]. In addition the concentration of Hoechst 33342 dye and ABC-transporter inhibitor 

used also affects the ability to discriminate CSP cells [28] increasing variability between the 

data obtained by independent laboratories. Standardised methods for SP analysis have been 

described and optimised for bone marrow but there remains a lack of standardisation in the 

techniques used for cardiac tissue. Here we describe in detail protocols we have used 

previously to identify and isolate CSP cells [13, 29]. In order to establish a more efficient 

method for CSP analysis we have also compared this with an automated mechanical 

dissociation system. Further, we have compared the use of collagenase II/DNase I to 

pronase, optimised the protocols for Hoechst 33342 staining and established the most 

appropriate ABC-transporter inhibitor to allow the robust identification and quantification of 

the CSP. This has allowed us to establish the reproducible digestion protocol for CSP 

analysis that we describe here.

Meeson et al. Page 2

Stem Cell Rev. Author manuscript; available in PMC 2015 November 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Materials

Analysis of the Cardiac Side Population

1. C57BL/10 and 129S1/SvIMJ mice have been studied using this technique and gave 

comparable results1.

2. PBS: Phosphate-Buffered Saline (Cat No. 10010–015 Gibco, Invitrogen).

3. HBSS+: Hanks balanced Salt solution (HBSS, Cat No. 14025050, Gibco 

Invitrogen), Supplemented with Penicillin/streptomycin (Cat No. 10378–016, 

Gibco Invitrogen), and 2 % FBS (Cat No. 12003C, Sigma).

4. GentleMACS Dissociator (Cat No. 130-093-235, Miltenyi Biotec), gentleMACS C 

Tubes (Cat No. 130-093-237, Miltenyi Biotec), MACSmix™ Tube Rotator 

spinning at 12 rpm (Cat No. 130-090-753, Miltenyi Biotec) or alternative rotator 

with an rpm of approximately 12 rpm2.

5. Pronase: Dissolved in HBSS+ to a concentration of 100 mg/ml for 10X stock (Cat 

No. 537088-100KU, Merck-Millipore).

6. ACK Red Blood cell lysing buffer (Ammonium-Chloride-Potassium, Cat No. 

A10492-01 Gibco, Invitrogen).

7. Hoechst 33342 powder: (Cat. No. B2261, Sigma) is dissolved in H20 to 1 mg/ml.

8. Fumitremorgin C: (FTC) (Cat. No. alx-350-127-c250 Axxora).

9. Dissection tools, scissors and forceps.

10. Syringes (Cat No. 300188 BD Plastipak) and 23-gauge needles (Cat No. 

MD300700, BD)

11. 70 μM Cell strainers (Cat No 352350, BD Falcon).

12. 10 cm Petri dishes.

13. Tissue culture incubator at 37 °C.

14. Propidum Iodide (PI) (Cat No. P4170, Sigma) dissolved in PBS to 1 μg/ml 200X 

stock kept at 4 °C in the dark.

15. Flow/sorting equipment with UV laser capable of excitation at 350 nm and 

detection with 450/20 and 675LP optical filters.

Methods

Cardiac Cell Harvesting

An important step in the analysis of SP cells from solid organs cells is the preparation of 

viable single cell suspension. CSP analysis has previously been performed following 

dissociation with both pronase and collagenase II/DNase I in association with various 

1Adult (18 week) C57BL/10 mice were used for comparison of digestion techniques, Abcg2 inhibitors comparison and Hoechst 33342 
titration in this study.
2We have previously used a pre-warmed (37 °C) hybridisation oven spinning at approximately 12 rpm.

Meeson et al. Page 3

Stem Cell Rev. Author manuscript; available in PMC 2015 November 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



mechanical dissociation techniques [29–31]. To establish a standardised protocol for CSP 

analysis, and to reduce the variability that maybe associated with manual tissue dissociation, 

we utilised the MACS dissociation system and compared two combinations of enzymes3. 

We have established that Pronase digestion resulted in a more efficient dissociation, a more 

discrete CSP profile and fewer false positives than collagenase II/DNase I. We therefore 

describe this protocol in this section. As the use of the MACS dissociation system may be 

unavailable to some groups we have also described previously established manual 

dissociation techniques in detail. A flow diagram of both procedures is shown in Fig. 1.

1. Before starting dilute pronase to working concentration (10 mg/ml) with HBSS+ 

and warm HBSS+ and working concentration pronase to 37 °C in water bath.

2. Euthanize animals using Home Office approved methods. Open the rib cage to 

reveal the heart and using fine forceps and fine scissors make a small incision in the 

right atrium. Using a syringe and bent 23-gauge needle inject 5 ml of PBS (4 °C) 

into the left atrium. Immediately remove hearts and place in 5 ml PBS 4 °C.

3. Place hearts in separate 10 cm Petri dishes and dissected into quarters using 

dissection scissors. Wash three times in 10 ml of PBS (4 °C).

Automated Dissociation

4. Place 5 ml of pre-warmed pronase (10 mg/ml) into a gentleMACs C tube and 

use forceps to move the dissected hearts from the Petri dish to the gentleMACs 

C tube.

5. Place the gentleMACs C tube into the gentleMACS dissociator and dissociate 

using the preloaded program m_heart_01.

6. Place gentleMACs C tube into a MACSmix™ Tube Rotator or alternative 

rotation system2 (spinning at approximately 12 rpm) and place in an incubator at 

37 °C for 30 min.

7. Following incubation place gentleMACs C tubes into the gentleMACS 

dissociator and process using preloaded program m_heart_02.

8. Immediately add 10 ml of PBS to the gentleMACs C tubes and spin in a 

centrifuge at 400 × g (4 °C) for 10 min. Discard the supernatant and resuspend 

cells in 10 mls of PBS (4 °C).

Manual Dissociation4—

3We compared two alternate enzyme blends which have previously been described for CSP analysis; Collagenase II/DNase I was 
chosen specifically as it has been previously reported to be less traumatic to cells than trypsin[40]. Pronase was investigated as it was 
previously reported to be less cytotoxic than collagenase II[41]. No significant difference in cell viability was observed between the 
two digestion protocols (57.9±3.1 vs. 59.2±1.6). However, the use of pronase resulted in a more efficient dissociation than collagenase 
II/DNase I (Fig. 3). Furthermore, following pronase digestion, the CSP appeared as a more discrete population with less deviation 
between individual samples (0.85±0.15 % vs 1.25±1.5 %) (Fig. 3). Additionally following pronase digestion no false positive CSP 
cells were identified, as determined by the absence of cells with a CSP phenotype in the FTC inhibited sample. This is in contrast to 
the analysis following collagenase II/DNase I digestion where 0.5±0.9 % of cells were present in the CSP gate following FTC 
inhibition.
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4a. Following the gross dissection of the heart place the heart into a 35 ml dish 

containing 500 μl of the pre-warmed pronase solution.

5a. Using fine scissors mince the sample for 5mins. Following the mincing step add 

the remaining pronase (4.5 ml) and transfer to a 50 ml falcon tube.

6a. Place falcon tubes into a MACSmix™ Tube Rotator (12 rpm) or alternative 

rotation system2 place in an incubator at 37 °C for 15 min

7a. Remove tube from the rotator and using a 10 ml serological pipette, pipette up 

and down to dissociate the tissue for 30 s. Place the tube back into the rotator 

and incubate at 37 °C for a further 15 min

8a. Using a 5 ml serological pipette, pipette up and down for 5 mins. A P1000 

pipette can be used if required to dissociate the remaining tissue.

Both Protocols Red Blood Cell Lysis

9. Filter cells through a 70 μm cell filter and spin in a centrifuge at 400 × g at 4 °C 

for 10 min and discard the supernatant.

10. To prevent erythrocyte induced changes in Hoechst equilibration, red blood cells 

must be removed using osmotic lysis with ACK buffer. The cells are therefore 

resuspended in 5 ml of ACK buffer and placed on ice in the dark for 3 min.

11. Following red blood cells lysis add 10 ml of pre warmed HBSS+ to dilute ACK 

buffer and centrifugation 400 × g for 10 min.

12. Resuspend cells in 1 ml of pre-warmed HBSS+ (37 °C).

Hoechst 33342 Staining and ABC-Transporter Inhibition

To accurately quantify and compare SP populations control experiments are required in 

which the ABC-transporters responsible for Hoechst efflux are inhibited. This procedure is 

used to set the SP gate and therefore allows discrimination of the SP from the main 

population. To ascertain the most suitable ABC-transporter inhibitor for CSP analysis in 

adult hearts we compared the effect of Verapamil (VP) and FTC5. Additionally an optimal 

concentration of Hoechst 33342 needs to be established for CSP analysis. We have therefore 

4Examples of flow cytometry plots demonstrating singlet gating, CSP identification and FTC inhibition of the CSP, using the manual 
dissociation protocol, are shown in Fig. 4. As expected no difference in relative CSP percentage was observed between the manual 
and automated dissociation protocols. Further, viability was not significantly different. When using the manual protocol our laboratory 
obtained an approximately 10 % reduction in cell yield and a 12-fold increase in the number of incompletely dissociated (doublet or 
cells aggregates) cells.
5In the adult murine heart there remains debate regarding the principle ABC-transporter that is responsible for Hoechst 33342 efflux. 
Pfister et al.[36] have demonstrated that Abcg2 is required for the CSP phenotype in the neonatal heart whereas Mdr1 (abcg1) is 
responsible for at least a proportion of the CSP phenotype in the adult. Therefore which ABC-transporter inhibitor is most appropriate 
for the analysis of the CSP is brought into question. FTC has been reported to be a specific inhibitor of ABCG2[37, 38], while VP is a 
calcium-channel blocker which has the potential to inhibit multiple members of the ABC family of transporters[39]. To ascertain the 
most suitable ABC-transporter inhibitor for CSP analysis in adult hearts we compared the effect of VP (50 μm) and FTC (10 μM) 
using both pronase and collagenase II/DNase I protocols. Each sample preparation was separated into three tubes (at 5×105 cells per 
ml); two of the individual tubes were either incubated with FTC or VP prior to labelling with 5 μg/ml Hoechst. The remaining tube 
was labelled with 5 μg/ml Hoechst without the addition of an inhibitor. Both VP and FTC demonstrated the ability to inhibit the CSP 
phenotype (Fig. 3) when combined with pronase digestion. FTC demonstrated a complete inhibition and was less toxic, regardless of 
the digestion protocol used, compared to VP (Fig. 3). Reduced VP concentrations (40 μm) resulted in an incomplete CSP inhibition 
but remained more toxic than FTC (data not shown).
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titred the Hoechst dye concentration required for CSP analysis at a concentration of 5×105 

cells per ml6. We have established that a concentration of 5ug/ml of Hoechst 33342 and the 

use of the Abcg2 inhibitor FTC (10 μm) are optimal for CSP analysis and therefore describe 

these in this protocol.

1. Using a haemocytometer perform a cell count and place cells into two separated 

eppendorfs. Using HBSS+ (37 °C) adjust the cell concentration ≤5×105 cells/ml per 

tube in a final volume of 1 ml. Label one of the paired tubes with “inhibitor” and 

one tube “SP”.

2. Seal the eppendorfs into a 50 ml falcon tube (each tube holds around 6 tubes) and 

place falcon tubes onto the MACSmix™ Tube Rotator. Start the rotator and place in 

incubator for 15 min7. Alternatively any rotator with an rpm of approximately 12 

rpm can be used2.

3. Remove Falcon tubes from the MACSmix™ Tube Rotator and remove the 

eppendorfs from the tubes. To each tube labelled “inhibitor” add 5ul of stock FTC 

(final conc. 10 μM).

4. Once FTC has been added to all the inhibitor tubes, add 5ul of stock Hoechst 33342 

dye (finial conc. 5 μg/ml) first to each SP labelled tube and then to the tubes to 

which FTC has been added8.

5. Place eppendorfs back into the 50 ml falcon tubes, place falcon tubes back into the 

Rotator and incubate in at 37 °C for precisely 90 min9.

6. For each sample place 10 ml of PBS (4 °C) into two 15 ml falcon tubes label one 

with “inhibitor” and one “SP” and place on ice.

7. Following incubation immediately place the entire sample (1 ml) into a 15 ml 

falcon tube prepared in step 610. Centrifuge tubes at 400 × g for 10 min discard the 

supernatant and re-suspended cells in 400 μl of PBS (4 °C), place on ice and cover 

with foil until flow cytometric analysis.

Cardiac Side Population Analysis

For analysis cytometers equipped with 355 nm UV to detect Hoechst red/Hoechst blue and 

488 nm argon lasers to detect PI and 670 LP nm and 450/50 nm filters are required. In this 

study a LSRII flow cytometer (BD) was used. The gating strategies used for CSP analysis 

are detailed in Fig. 2.

6To establish the optimal concentration of Hoechst 33342 for CSP analysis we titrated the Hoechst dye concentration using cells at a 
concentration of 5×105 cells per ml. Samples were separated into individual tubes containing 5×105 cells per ml and incubated with 
3.5, 5 or 6.5 μg/ml of Hoechst for precisely 90 min. A concentration of 5 μg/ml gave the optimal SP profile balancing resolution and 
viability (Fig. 5). These data gave a high reproducibility in CSP percentages in the C57Bl/6 mouse strain. However, optimization of 
the Hoechst 33342 concentrations may be required using other murine strains.
7The temperature and time in contact with Hoechst 33342 is critical; therefore pre-incubation allows the samples time to equilibrate to 
the optimum temperature of 37 °C before Hoechst 33342 is added.
8Adding the Hoechst 33342 to the “SP” tubes first (without Abcg2 inhibitor) allows time for the FTC to inhibit Abcg2 function in the 
“Inhibited” tubes before the addition of Hoechst 33342.
9It is critical that the sample remains at a constant 37 °C throughout the staining incubation. The door the incubator should not be 
opened during this step of the protocol.
10Following incubation the Hoechst 33342 efflux should be stopped immediately by quickly cooling samples to 4 °C. Therefore it is 
very important to use PBS at 4 °C at this step.
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1. First a plot describing Forward Scatter (FSC, related to cell size) and Side scatter 

(SSC, related to cell granularity) is created to allow the discrimination of cell from 

debris (Fig. 2A1).

2. A plot allowing the discrimination of single cells from cell aggregates and doublets 

is then created (Fig. 2A2). This is achieved by plotting Hoechst blue area 

(3-355/405/50-A) versus height (3-355/405/50-H) dot plot11.

3. Finally a plot that allows both analysis of the CSP and the discrimination of dead 

cells is created using Hoechst blue area (3-355/405/50-A) vs Hoechst red area 

(3-355/675lp-A). In the first series of experiments a small amount of samples 

should be analysed before the addition of PI (Fig. 2A3). This allows a gate for the 

exclusion of dead cell to be established. Dead cells are recognized by their strong 

positivity for PI on the (3-355/675lp-A) axis.

4. Immediately prior to analysis PI (5 ng/ml) is added to the cell suspension and the 

sample analysed. Between 100,000 and 500,000 cells should be collected for 

analysis. Following data acquisition the procedures detailed in Fig. 2 should be 

used to discard cells not in the singlet gate and dead cells from the analysis. The 

appropriate gating tree is shown in Fig. 2B.

5. The FTC inhibited sample should be used to establish the SP gate (Fig. 2A4).

6. The SP cells are recognized as a dim tail extending first on the left side of G0/G1 

cells toward the lower “Hoechst Blue” signal as a proportion of live cells 

established (Fig. 2A5). The CSP at 18 weeks in the CJ57/Bl10 strain is 

approximately 0.9 % of viable single cells (Fig. 3 and 4).

Discussion

Recently the CSP has gained increased attention as a key player in cardiac regeneration as 

reviewed in [32]. However small changes in tissue preparation including tissue digestion 

protocols, Hoechst staining and the ABC-transporter inhibitor used can lead to large 

variability in quantification of such a rare population [28, 33]. In this study we have 

provided detailed protocols for CSP analysis using an established manual dissociation 

protocol we have previously used to isolate CSP cells from both human and murine cardiac 

tissue [13, 29]. Further, we have adapted and optimised this protocol in order to establish an 

automated digestion protocol using the commercially available MAC dissociator. The 

automated dissociation protocol increases the speed at which cardiac tissue can be processed 

compared with manually mincing the tissue. This enables a reduction in the time to final 

analysis and also limits variability due to differences between the technical skills of those 

manually processing tissue. In laboratories where there is a high need for tissue dissociation 

the cost of the tissue dissociator can be offset by the cost of time taken by laboratory staff to 

11As only singlet cells should be analysed for CSP, it is important to eliminate doublet cells and aggregates from further analysis. 
Doublets, i.e. single cells that pass through the laser simultaneously, rather than one by one, are distinguished by the disproportionate 
laser generated area signal (i.e. the sum of total fluorescence analysed) to the height signal (i.e. the maximum fluorescence intensity of 
the cell). In the case of a single cell the area and height signal, after correct adjustment for digital area scaling factor, should give the 
same channel value when viewed on an Area versus height do plot, however in the case of a doublet the area signal becomes 
proportionally larger with reference to the degree of doublet detection as demonstrated in Figs. 2A2 and 4.
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manually dissociate tissues as the automated dissociation takes seconds per heart. In terms 

of other improvements our data suggests that in comparison to manual dissociation the tissue 

dissociator increases the yield of single cells while reducing the number of cell aggregates 

seen with manual dissociation. As other protocols for CSP cells isolation published to date 

have relied on manual dissociation and CSP cells are rare cells improvements even if 

relatively small in cell yields will be of value. Also a reduction in the number of cell 

aggregates reduces the risk of problems associated with FACS analysis such a clogging of 

the sort nozzle due to poorly disaggregated cell suspensions.

Previously studies have used a number of different digestion protocols to obtain the single 

cell preparations for CSP and regardless of the protocol used the CSP has demonstrated 

cardiogenic potential. However, it is well documented that different enzymes have differing 

levels of cytotoxicity [34, 35]. We have therefore used the automated dissociation protocol 

to compare two enzymatic digestions collagenase II/DNase I and pronase which have 

previously been used for CSP preparation [3, 6, 13, 24–26]. We have demonstrated the use 

of pronase together with tissue dissociation allows a reproducible digestion of murine hearts 

into a single cell suspension with constituent levels of cell viability. This system results in 

reduced cell death and the absence of false positive cells with a SP phenotype, which remain 

present following ABC-transporter inhibition.

In the adult murine heart there remains debate regarding the principle ABC-transporter that 

is responsible for Hoechst 33342 efflux. Pfister et al. [36] has demonstrated that Abcg2 is 

required for the CSP phenotype in the neonatal heart where as Mdr1 (abcg1) is responsible 

for at least a proportion of the CSP phenotype in the adult. Therefore which ABC-

transporter inhibitor is most appropriate for the analysis of the CSP is brought into question. 

FTC has been reported to be a specific inhibitor of ABCG2 [37, 38], while VP is a calcium-

channel blocker which has the potential to inhibit multiple members of the ABC family of 

transporters [39]. In the current study VP had the ability to inhibit the efflux ability of CSP 

of adult hearts, albeit with high levels of cytotoxicity whereas FTC was able to completely 

inhibit the efflux potential of the CSP from hearts of animals of the same age and gender as 

those in the VP treated group, while maintaining cell viability.

The ability to discriminate SP cells is also affected by the concentration of Hoechst 33342 

dye employed [28]. Concentrations of Hoechst that are too low can result in cells which 

have not been saturated with Hoechst being mistaken for SP cells, in contrast concentrations 

too high can result in decreased viability or a reduced SP due to toxicity (Fig. 5) as 

described previously [33]. In the heart different studies have employed Hoechst dye 

concentrations ranging from 1.25 μg/ml to 6 μg/ml. Such studies did not describe the 

titration process for optimising dye concentration [3, 6, 13, 24–26]. Further, duration of 

incubation in these studies has been variable. Given that greater exposure to the Hoechst dye 

results in greater toxicity, identifying the shortest incubation time which results in optimal 

SP discrimination is valuable. This study demonstrates that the use of pronase and 

automated digestion together with Hoechst 33342 at a concentration of 5ug/ml for 90 min at 

37 °C leads to optimal CSP FACS profile resolution whilst maintaining maximum cell 

viability. We also demonstrate that the use of ABCG2 transporter inhibitor FTC reliably 

confirms the CSP phenotype. This allows for a reproducible method for analyses of murine 
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CSP, enabling more detailed and accurate comparisons of changes in this resident cardiac 

stem cell population under pathological conditions.
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FACS Fluorescence-activated cell sorting

SP Side population

CSP Cardiac side population
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Fig. 1. 
Flow diagram showing the key steps for both the automated and manual dissociation 

protocol for CSP analysis
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Fig. 2. 
Gating Strategy for SP Data Analysis. Example of a step-by-step gating strategy, example 

shows pronase digestion, 5 mg/ml Hoechst labelling and 10 μM FTC inhibition. a Gating 

strategy. 1. Based on Forward Scatter (FSC, related to the cell size) and Side Scatter (SSC, 

related to cell granularity) cells are distinguished from debris. 2. A gate is used to assure that 

only single cells are included in subsequent analysis. Single cells are distinguished from cell 

doublets and aggregates based on Hoechst labelling and their properties displayed on the 

Hoechst blue area (3-355/405/50-A) versus height (3-355/405/50-H) dot plot. 3. To set the 

gating for dead cell exclusion samples are analysed a Hoechst blue area (3-355/405/50-A) vs 

Hoechst red area (3-355/675lp-A) dot plot before the addition of PI. 4 and 5. Following the 

addition of Propidium Iodide samples with and without the addition inhibitor (FTC or VP) 

are analysed for Hoechst blue area (3-355/405/50-A) vs Hoechst red area (3-355/675lp-A) 

dot plot. Dead cells are recognized by their strong positivity for Propidium Iodide on the 

(3-355/675lp-A) axis. SP cells are recognized as a dim tail extending first on the left side of 

G0/G1 cells toward the lower “Hoechst Blue” signal. 4. b Gating tree. The gating tree 

indicates the sequential procedure applied to select out the final population for CSP
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Fig. 3. 
Comparison of collagenase II/DNase I and pronase enzymatic digestion and assessment of 

CSP inhibition by the ABC-transporter inhibitors FTC and Verapamil. a Following either 

the collagenase II/DNase I or pronase digestion protocols the efficiency of the digestion was 

assessed by establishing a “singlet” gate and the number of cell doublets and aggregates 

quantified. b For CSP analysis, following digestion and Hoechst labelling (5ug/ml), single 

cells were gated based on their properties displayed on the Hoechst blue area (3-355/405/50-

A) versus height (3-355/405/50-H) dot plot. CSP cells are recognized as a dim tail extending 

first on the left side of the main population of cells toward the lower “Hoechst Blue” signal 

(SP gate). The Hoechst Blue vs Hoechst red plots were also used to assess the ability of FTC 

(10 μM) or VP (50 mM) to inhibit the CSP (as identified by an absence of events in the SP 

gate) and their effects on cell viability. Viable cells are defined by exclusion of dead cells as 

recognized by their strong positivity for Propidium Iodide on the 3-355/675lp-A axis. Data 

represents the mean±SD of a least three individual experiments
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Fig. 4. 
Analysis of digestion efficiency, cell viability and the CSP profile using manual dissociation 

techniques. Following manual dissociation protocols the efficiency of the digestion was 

assessed by establishing a “singlet” gate and the number of cell doublets and aggregates 

quantified. For CSP analysis, following digestion and Hoechst labelling (5ug/ml), single 

cells were gated based on their properties displayed on the Hoechst blue area (3-355/405/50-

A) versus height (3-355/405/50-H) dot plot. CSP cells are recognized as a dim tail extending 

first on the left side of the main population of cells toward the lower “Hoechst Blue” signal 

(SP gate). The Hoechst Blue vs Hoechst red plots were also used to assess the ability of FTC 

(10 μM) to inhibit the CSP (as identified by an absence of events in the SP gate) and the 

effects on cell viability. Viable cells are defined by exclusion of dead cells as recognized by 

their strong positivity for Propidium Iodide on the 3-355/675lp-A axis. Data represents the 

mean±SD of a least three individual experiments
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Fig. 5. 
Hoechst titration to establish the optimal labelling protocol for CSP analysis. Following 

singlet gating the Hoechst blue vs Hoechst red plots were used to analyse CSP phenotype 

following labelling with different concentrations of Hoechst. FTC was used to confirm the 

SP cell phenotype. To quantify viability, dead cells are recognized by their strong positivity 

for the dead cell discrimination marker Propidium Iodide on the 3-355/675lp-A axis. Data 

represents the mean±SD of a least three individual experiments
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