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Abstract
The gross majority of classical apoptotic hallmarks can be rapidly examined by multiparameter
flow cytometry. As a result, cytometry became a technology of choice in diverse studies of
cellular demise. In this context, a novel class of substituted unsymmetrical cyanine SYTO probes
has recently become commercially available. Derived from thiazole orange, SYTO display low
intrinsic fluorescence, with strong enhancement upon binding to DNA and/or RNA. Broad
selection of excitation/emission spectra has recently driven implementation of SYTO dyes in
polychromatic protocols with the detection of apoptosis being one of the most prominent
applications In this chapter, we outline a handful of commonly used protocols for the assessment
of apoptotic events using selected SYTO probes (SYTO 16, 62, 80) in conjunction with common
plasma membrane permeability markers (PI, YO-PRO 1, 7-AAD).
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1. Introduction
During the past decade, mechanisms underlying cell death have entered into a focus of many
researchers in diverse fields of biomedicine. The gross majority of classical apoptotic
hallmarks can be rapidly examined by multiparameter flow cytometry (1). As a result,
cytometry became a technology of choice in diverse studies of cellular demise, and diverse
cytometric assays have been introduced (1–3). To date, however, live-cell assays that are
based on cell permeant DNA probes suffered mostly from their unfavorable spectral
characteristics that necessitate UV excitation source and dedicated optics. Excessive
toxicity/phototoxicity precluded also long-term studies such as cell sorting with subsequent
cell cultivation (4, 5).

In this context, a novel class of substituted unsymmetrical cyanine SYTO probes has
recently become commercially available. Derived from thiazole orange, SYTO display low
intrinsic fluorescence, with strong enhancement upon binding to DNA and/or RNA. This

© Springer Science+Business Media, LLC 2011
2Morphological criteria (examined by the light, fluorescent, and electron microscopy) are still the “gold standard” to define the mode
of cell death and confirm results obtained by flow cytometry (1–4). Lack of microscopic examination may potentially lead to the
misclassification and false positive or negative artifacts, and is a common drawback of the experimental design (1–4). The best
example of such misclassification is identification of phagocytes that engulfed apoptotic bodies as individual apoptotic cells (3).
4We have recently shown that SYTO 16 allows discrimination between primary and secondary necrotic cells (7). Therefore, SYTO 16
provides substantial enhancement over the standard PI exclusion assay in discerning cell demise mode by flow cytometry (7).
8One should always bear in mind that results obtained using SYTO-based assays may vary when compared to assays detecting
different cellular processes. Results acquired with SYTO probes should, therefore, never be considered conclusive without verification
by independent methods (4).
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novel class of probes spans a broad range of visible excitation and emission spectra: (1)
SYTO blue (Ex/Em 419–452/445–484 nm); (2) SYTO green (Ex/Em 483–521/500–556
nm); (3) SYTO orange (Ex/Em 528–567/544–583 nm); and (4) SYTO red (Ex/Em 598–
654/620–680 nm) (4, 6–8). Exploitation of SYTO probes to cytometric detection of
apoptosis is a relatively new method (4, 6–8). This methodology, however, is slowly gaining
appreciation as an easy to perform, live-cell assay (6–8). Importantly, we have recently
showed that cyanine SYTO dyes represent a promising class of inert probes that do not
adversely affect normal cellular physiology (9). When preloaded or continuously present in
medium, SYTO do not interfere with cell viability, and their intracellular retention permits
straightforward and kinetic analysis of investigational drug/compound cytotoxicity (9).
Reduction of sample processing achieved with these protocols is important for preservation
of fragile apoptotic cells. SYTO 16-based live cell sorting represents also a novel approach
to supravitally track progression of apoptotic cascade in response to investigational
anticancer agents (9).

In this chapter, we outline a handful of commonly used protocols for the assessment of
apoptotic events using selected SYTO probes (SYTO 16, 62, 80) in conjunction with
common plasma membrane permeability markers (PI, YO-PRO 1, 7-AAD).

2. Materials
2.1. Detection of Apoptosis Using SYTO 16 and Propidium Iodide

1. Cell suspension (2.5 × 105–2 × 106 cells/mL).

2. 1× PBS.

3. 1 mM SYTO 16 stock solution in DMSO. Store protected from light at −20°C.
Stable for over 12 months. Caution: although there are no reports on SYTO 16
toxicity, appropriate precautions should always be applied when handling SYTO 16
solutions.

4. 10 μM SYTO 16 working solution in PBS (prepare fresh as required).

5. 50 μg/mL propidium iodide (PI) stock solution in PBS. Store protected from light
at +4°C. Stable for over 12 months. Caution: PI is a DNA binding molecule and
thus can be considered as a potential carcinogen. Always handle with care and use
protective gloves.

6. 30 mM Verapamil in EtOH (P-gp inhibitor). Store protected from light at −20°C.
Stable for over 12 months.

7. 1.5 mL Eppendorf tubes.

8. 12 × 75 mm polystyrene FACS tubes.

2.2. Detection of Apoptosis Using SYTO 62 and YO-PRO 1
1. Cell suspension (2.5 × 105–2 × 106 cells/mL).

2. 1× PBS.

3. 1 mM SYTO 62 stock solution in DMSO. Store protected from light at −20°C.
Stable for over 12 months. Caution: although there are no reports on SYTO 62
toxicity, appropriate precautions should always be applied when handling SYTO 62
solutions.

4. 10 μM SYTO 62 working solution in PBS (prepare fresh as required).
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5. 1 mM YO-PRO 1 stock solution in DMSO. Store protected from light at −20°C.
Stable for over 12 months. Caution: although there are no reports on YO-PRO 1
toxicity, appropriate precautions should always be applied when handling YO-PRO
1 solutions.

6. 10 μM YO-PRO 1 working solution in PBS (prepare fresh as required).

7. 30 mM Verapamil in EtOH (P-gp inhibitor). Store protected from light at −20°C.
Stable for over 12 months.

8. 1.5 mL Eppendorf tubes.

9. 12 × 75 mm polystyrene FACS tubes.

2.3. Detection of Apoptosis Using SYTO 80 and 7-AAD
1. Cell suspension (2.5 × 105–2 × 106 cells/mL).

2. 1× PBS.

3. 1 mM SYTO 80 stock solution in DMSO. Store protected from light at −20°C.
Stable for over 12 months. Caution: although there are no reports on SYTO 80
toxicity, appropriate precautions should always be applied when handling SYTO 80
solutions.

4. 10 μM SYTO 80 working solution in PBS (prepare fresh as required).

5. 50 μg/mL 7-aminoactinomycin D (7-AAD) stock solution in PBS. Store protected
from light at +4°C. Stable for over 12 months. Caution: 7-AAD is a DNA binding
molecule and thus can be considered as a potential carcinogen. Always handle with
care and use protective gloves.

6. 30 mM Verapamil in EtOH (P-gp inhibitor). Store protected from light at −20°C.
Stable for over 12 months.

7. 1.5 mL Eppendorf tubes.

8. 12 × 75 mm polystyrene FACS tubes.

3. Methods
3.1. Detection of Apoptosis Using SYTO 16 and PI

The cytometric detection of SYTO 16 fluorescence loss is a sensitive marker of early
apoptotic events (Fig. 1a; see Notes 1–3) (4, 7, 9). The following protocol describes a
combined use of SYTO 16 (Ex/Em 488/518 nm) together with a marker of plasma
membrane integrity: propidium iodide (PI; Ex/Em 488/575–670 nm). Every assay allows for
sensitive discrimination between viable, early apoptotic, and late apoptotic/necrotic
subpopulations based on differential SYTO staining profiles (Fig. 1a; see Notes 3–5) (4, 9).

1The universal term “apoptosis,” has a propensity to misinterpret the actual phenotype of cell suicide program (1, 11–13). Thus, the
use of the generic term apoptosis should be always accompanied by listing the particular morphological and/or biochemical apoptosis-
associated feature(s) that was (were) detected (1–3).
3Following initiation of caspase-dependent apoptosis, cells loaded with selected SYTO stains exhibit gradual reduction in
fluorescence signal intensity to dim values. This phenomenon substantially precedes plasma membrane permeability changes (4, 6, 7).
Evidence from recently published data indicates an overall higher sensitivity of SYTO probes in the detection of early apoptotic
events as compared to Annexin V-based assays (4, 7, 8). When progression toward the terminal stages of cellular demise advances,
loss of SYTO fluorescence intensifies, and this usually coincides with the increased plasma membrane permeability to PI and 7-AAD
(4, 7, 8).
5Importantly, SYTO probes prove in many instances inert and safe for tracking cells over extended periods of time which may open
up new opportunities for single-cell analysis protocols by both fluorescent activated cell sorting (FACS) and Lab-on-a-Chip platforms
(9).
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The method presented below is a single-step and time-saving assay. Minimized washing
steps permit maintenance of fragile apoptosing population in intact state (see Note 5) (4, 7).

1. Collect cell suspension into 12 × 75-mm Falcon FACS tube and centrifuge for 5
min, 243 × g at room temperature (RT).

2. Prepare staining mixture by adding 875 μL of PBS, 25 μL of 10 μM SYTO 16, and
100 μL of 50 μg/mL PI (final concentration 250 nM SYTO 16 and 5 μg/mL PI).

3. Add 1 μL of 30 mM Verapamil to the staining mixture (final concentration 30 μM;
see Note 6).

4. Discard supernatant and gently resuspend cells in 100 μL of staining mixture.

5. Incubate for 15 min at RT.

6. Add 500 μL of PBS.

7. Analyze on flow cytometer with 488 nm excitation line (Argon-ion laser or solid-
state laser) with emissions collected at 530 nm (SYTO 16) and 575–610 nm (PI).
Adjust the logarithmic amplification scale to distinguish between viable cells
(bright SYTO 16+/PI−), early apoptotic cells (dim SYTO 16+/PI−), and late
apoptotic and/or necrotic cells with compromised plasma membranes (low SYTO
16+/PI+) (Fig. 1a; see Notes 7–9).

3.2. Detection of Apoptosis Using SYTO 62 and YO-PRO 1
The principle of this assay is similar to the above described SYTO 16 protocol (see Notes 1–
3). The main advantage of this protocol is the minimal interbeam compensation required
between SYTO 62 and YO-PRO 1 (see Note 10) (4, 8). Moreover, the use of YO-PRO 1
(Ex/Em 491/509 nm) as a marker of plasma membrane integrity allows for a more sensitive
detection of early apoptotic cells than propidium iodide (8, 10). Furthermore, other channels
from 488 nm excitation line are free to combine this protocol with, e.g.,
immunophenotyping.

1. Collect cell suspension into 12 × 75 mm Falcon FACS tube and centrifuge for 5
min, 1,100 rpm at room temperature (RT).

6Recent noteworthy reports provided strong evidence that at least some SYTO probes can be substrates for MDR efflux pumps (e.g.,
P-glycoprotein; P-gp) (14, 15). Caution should be, thus, exercised when using SYTO probes in cells with active ABC-class
transporters. It is always advisable to confirm MDR status of studied cell population. In cells with active P-gp, its inhibition (e.g., by
Verapamil hydrochloride, PSC833, Cyclosporin A) is required to avoid masking of apoptotic SYTOdim subpopulation by SYTOdim
subpopulation engendered by an active dye efflux (14, 15). Truly apoptotic reduction of SYTO fluorescence to dim values is not
affected by the presence of P-gp inhibitors (14).
7Both fluorophores are easily excited by 488 nm lasers. While propidium iodide can be detected in both 575–610 and >650 nm
channels, SYTO 16 is detected using standard fluoroscein (FITC) band-pass filter at 530 nm. Due to the significant spectral overlap of
SYTO16 fluorescence in 575–610 nm channels, special attention is required to apply proper compensation between both channels.
Adjust the logarithmic amplification scale to distinguish between viable cells (bright SYTO 16+/PI− events), apoptotic cells (dim
SYTO 16+/PI− events), and late apoptotic/necrotic cells with compromised plasma membranes (SYTO 16−/PI+ events) as presented
in Fig. 1a. In every cell system, there is a need to optimize concentration/incubation time of SYTO 16 probe as well as PMT voltage to
achieve maximal resolution between bright, dim, and low/negative SYTO 16 events (7–9).
9Some apoptotic markers (e.g., loss of SYTO fluorescence to dim values; Annexin V immunoreactivity or oligonucleosomal DNA
fragmentation) may not be detected in specimens challenged with divergent stimuli or microenvironmental conditions (e.g., cytokines,
growth factor deprivation, heterotypic cell culture, etc.). It is always advisable to simultaneously study several markers to provide a
multidimensional view of advancing apoptotic cascade (1–4). Multiparameter assays detecting several cell attributes are the most
desirable solution for flow cytometric quantification of apoptosis (1–4).
10SYTO 62 fluorescence can be conveniently detected using a standard allophycocyanin (APC) 660 nm band-pass filter. Use of
SYTO 62 and YO-PRO 1 requires minimal interbeam compensation. Similar to SYTO 16, SYTO 62 dim (deemed apoptotic) events
will dimly stain with YO-PRO 1 as a result of early loss in the plasma membrane function. Adjust the logarithmic amplification scale
to distinguish between viable cells (bright SYTO 62+/YO-PRO 1−), early apoptotic cells (dim SYTO 62+/dim YO-PRO 1+), and late
apoptotic and/or necrotic cells with compromised plasma membranes (low SYTO 62+/bright YO-PRO 1+) (8).
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2. Prepare staining mixture by adding 970 μL of PBS, 5 μL of 10 μM SYTO 62, and
25 μL of 10 μM YO-PRO 1 (final concentration 50 nM SYTO 62 and 250 nM YO-
PRO 1).

3. Add 1 μL of 30 mM Verapamil to the staining mixture (final concentration 30 μM;
see Note 6).

4. Discard the supernatant and gently resuspend cells in 100 μL of staining mixture.

5. Incubate for 15 min at RT.

6. Add 500 μL of PBS.

7. Analyze on a flow cytometer with 488 nm (Argon-ion laser or solid-state laser) and
633/635 nm excitation lines. Emissions should be collected at 530 nm (YO-PRO 1)
and 660 nm (SYTO 62) (see Note 10). Adjust the logarithmic amplification scale to
distinguish between viable cells (bright SYTO 62+/YO-PRO 1−), early apoptotic
cells (dim SYTO 62+/dim YO-PRO 1+), and late apoptotic and/or necrotic cells
with compromised plasma membranes (low SYTO 62+/bright YO-PRO 1+) (Fig.
1b; see Note 10).

3.3. Detection of Apoptosis Using SYTO 80 and 7-AAD
This assay utilizes a new orange fluorescent probe SYTO 80, and its principle is similar to
the above described SYTO 16 and SYTO 62 protocols (see Notes 1–3) (4). The main
advantage of this protocol is that channels from other excitation lines, e.g., 633 or 405 nm
are free to combine this protocol with, e.g., immunophenotyping.

1. Collect cell suspension into 12 × 75-mm Falcon FACS tube and centrifuge for 5
min, 1,100 rpm at room temperature (RT).

2. Prepare staining mixture by adding 875 μL of PBS, 25 μL of 10 μM SYTO 80, and
100 μL of 50 μg/mL 7-AAD (final concentration 250 nM SYTO 80 and 5 μg/mL 7-
AAD).

3. Add 1 μL of 30 mM Verapamil to the staining mixture (final concentration 30 μM;
see Note 6).

4. Discard the supernatant and gently resuspend cells in 100 μL of staining mixture.

5. Incubate for 15 min at RT.

6. Add 500 μL of PBS.

7. Analyze on flow cytometer with 488 nm excitation line (Argon-ion laser or solid-
state laser) with emissions collected at 575–610 nm (SYTO 80) and ≥670 nm (7-
AAD). Adjust the logarithmic amplification scale to distinguish between viable
cells (bright SYTO 80+/7-AAD−), early apoptotic cells (dim SYTO 80+/dim 7-
AAD+), and late apoptotic and/or necrotic cells with compromised plasma
membranes (low SYTO 80+/bright 7-AAD+) (Fig. 1c).
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Fig. 1.
Discrimination of viable, apoptotic, and late apoptotic/necrotic cells using selected SYTO
probes and plasma membrane permeability markers: (a) SYTO 16 probe in conjunction with
plasma membrane permeability marker pro-pidium iodide (PI). Both probes were excited
using 488 nm laser. SYTO 16 and PI fluorescence signals were logarithmically amplified
using 530 and 575 nm band-pass filters, respectively. Debris were excluded electronically.
Analysis based on bivariate dot plots SYTO 16 vs. PI is shown. (b) SYTO 62 probe in
conjunction with plasma membrane permeability marker YO-PRO 1. Probes were excited
using 633 and 488 nm lasers, respectively. Logarithmically amplified fluorescence signals
were collected using 660 and 530 nm band-pass filters, respectively. Debris were excluded
electronically. (c) SYTO 80 probe in conjunction with plasma membrane permeability
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marker 7-aminoactinomycin D (7-AAD). Both probes were excited using 488 nm laser.
SYTO 80 and 7-AAD fluorescence signals were logarithmically amplified using 575 and
677 nm band-pass filters, respectively. Debris were excluded electronically.
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