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Imaging Cytometry

Nexcelom’s Cellometer® instrumentation utilizes a transmission and 
epifluorescence optical setup for one bright-field and two fluores-
cence channels to perform image-based cytometric analysis. Bright-
field imaging uses a broadband white light-emitting diode (LED) and 
fluorescence imaging uses two different monochromatic LEDs (470 
and 527 nm) as the excitation light sources. Each monochromatic ex-
citation was paired with a specific excitation (nm)/emission (nm) opti-
cal filter set (475/525 and 527/595) with bandwidth of approximately 
40 nm. The system has a motorized assembly for automatic switching 
between the two channels and subsequent acquisition of fluorescent 
images at different wavelengths. The disposable counting chamber 
holds precisely 20 µl of sample with a fixed chamber height of less 
than 90 µm, which is used to measure concentration of the target 
samples. Four separate areas are imaged and analyzed sequentially 
by the system, wherein the target cells are identified and counted by 
the software. The fluorescence intensity within individual counted cells 
is then measured, which is used to generate a frequency plot.  

Cellometer® Vision

Selected Enzo Cell-Based Death Pathway Assays

• Nuclear-ID® Red/Green Cell Viability Assay: Measures viable and dead cell populations by wide field fluorescence 
microscopy, confocal microscopy, flow or imaging cytometry.  

• Cyto-ID™ Autophagy Detection Assay: Provides a rapid, specific and quantitative approach for monitoring autophagic 
activity at the cellular level by wide field fluorescence microscopy, confocal microscopy, flow or imaging cytometry.

• ProteoStat® Aggresome Detection Assay: Detects aggregated protein cargo within aggresomes and aggresome-like 
inclusion bodies by wide field fluorescence microscopy, confocal microscopy, flow or imaging cytometry.

• Nuclear-ID® Green Chromatin Condensation Assay: Measures nuclear condensation arising from apoptosis by wide 
field fluorescence microscopy, confocal microscopy, flow or imaging cytometry.

Cyto-ID™ Autophagy Detection Assay for Flow Cytometry, Fluorescence 
Microscopy and Imaging Cytometry

HeLa Cells were grown on glass slides or polystyrene tissue culture dishes until ~80% confluent. HeLa cells were 
incubated in EMEM medium (control cells) or in EBSS medium (starved cells) at 37°C for one hour. 

For microscopy study: 
The cells were subsequently washed with PBS, and cells were stained for 10 min with a Cyto-ID™ Green dye at 
4°C and protected from light. 
The cells were washed with PBS, covered with a glass coverslip and observed using a fluorescence microscope 
using, a FITC filter set for Cyto-ID™ Green dye (Ex/Em: 488/514nm).

For flow cytometry study:
At the end of the treatment, HeLa cells were trypsinized, washed and then were simply collected by centrifugation 
(400 x g for 5 min). Samples were resuspended at 0.5 x 106 to 1 x 106 cells per mL. The cells were then washed, 
and resuspended in 500 µL Cyto-ID™ Green dye and incubated for 10 mins at 4°C and protected from light.
Experiments were performed using a FACS Calibur bench top flow cytometer (BD Biosciences, San Jose, CA) equipped 
with a blue (488 nm) laser and Cyto-ID™ Green dye fluorescence was measured in the FL1 channel (530 nm).

For Imaging Cytometer study:
Load 20 µL of cells into a Cellometer counting chamber.
Read with dual filter set (Ex/Em: 475/525nm).

ProteoStat® Aggresome Detection Assay for Flow Cytometry, 
Fluorescence Microscopy and Imaging Cytometry

Grow HeLa cells directly onto glass slides or polystyrene tissue culture plates until ~80% confluent.
Treat the cells with the 5 µM MG-132 and negative control cells with 0.2 % DMSO overnight.

For microscopy study: 
Carefully wash the cells twice with 1x Assay Buffer.
Fix and permeabilize the cells.
Wash cells, and dispense ProteoStat® reagent.  Protect the samples from light & incubate for 30 minutes at 37°C.
Wash the cells, apply a coverslip and observe them under a fluorescence/confocal  microscope using a Texas Red 
filter set.

For flow cytometry study:
Carefully remove the supernatant and fix and permeabilize the cells.
Wash cells, gently resuspend the pellet in 500 µl ProteoStat® detection reagent
Protect the samples from light and incubate for 30 minutes at room temperature. Samples should be analyzed using 
a 488 nm laser in the FL3 channel.

For Imaging Cytometer study:
Load 20 µL of cells into a Cellometer counting chamber.
Read with dual filter set (Ex/Em: 475/525nm).

Nuclear-ID® Green Chromatin Condensation Kit for Flow Cytometry, 
Fluorescence Microscopy and Imaging Cytometry

Grow HeLa cells directly onto glass slides or polystyrene tissue culture plates until ~80% confluent.
Cells were treated for 4 hours with DMSO (Control) or 2 µM Staurosporine .

For microscopy study: 
The cells were washed with PBS, stained for 30 min with Nuclear-ID® Green dye and protected from light. The cells 
were washed with PBS, covered with a glass coverslip and observed using a fluorescence microscope using, a FITC 
filter set for Nuclear-ID® Green dye (Ex/Em: 488/514nm).

For flow cytometry study:
At the end of the treatment, HeLa cells were trypsinized and then were simply collected by centrifugation (400 x g for 
5 min). Samples were resuspended at 0.5 x 106 to 1 x 106 cells per mL. The cells were then washed, and resuspended 
in 500 µL Nuclear-ID™ Green dye and incubated for 30 mins at 4°C and protected from light.

For Imaging Cytometer study:
Load 20 µL of cells into a Cellometer counting chamber
Read with dual filter set (Ex/Em: 475/525nm).

Nuclear-ID® Red/Green Cell Viability Assay
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Cyto-ID™ Autophagy Detection Assay: 
Fluorescence Microscopy

Control Starvation

FIgure 3: Cyto-ID™ Green autophagy dye-labeled vesicles are induced by starvation: HeLa cells were incubated in 
EMEM medium with10% fetal bovine serum or in Earl’s buffer (starvation) at 37°C for 1 h. Following this incubation 
period, both starved and control cells were incubated with Cyto-ID™ Green Detection Reagent for 30 mins at 37°C 
and then washed with PBS. Cells were immediately imaged with a fluorescence microscope (Carl Zeiss, Inc) using 
an FITC filter set. Starvation induces an increase in fluorescence intensity in punctate cytoplasmic structures.

FIgure 4: Profiling starvation & recovery with Cyto-ID™ Green dye by flow and imaging cytometry: HeLa cells were 
incubated in EMEM medium with10% fetal bovine serum or in Earl’s buffer (starvation) at 37°C for 1 h. Following 
this incubation period, both starved and control cells were trypsinized, washed and then were simply collected by 
centrifugation (400 x g for 5 min). Samples were resuspended at 0.5 x 106 to 1 x 106 cells per mL. incubated with 
Cyto-ID™ Green dye for 10 min at 37°C. Then the samples were analyzed by flow and imaging cytometry without 
washing. Results are presented as histogram overlays. Cyto-ID™ Green dye signal increases ~2 fold after 1hr 
starvation. 

Cyto-ID™ Autophagy Detection Assay:  
Flow Cytometry and Imaging Cytometry

Treatment
Mean (FL1)

Signal  
Flow Cytometer

Mean (FL)
 Signal  

Cellometer Vision

Control 40.4 459.2

1 hr starvation 105 726.4
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ProteoStat® Aggresome Detection Assay: 
Fluorescence Microscopy

A: Mock treated cells B: 5 µM MG-132

FIgure 5: Protein aggregation detected by ProteoStat® dye as observed by fluorescence microscopy: HeLa cells 
were mock-induced with 0.2% DMSO (A) or induced with 5 µM MG-132 (B) for 16 hours at 37°C. After treatment, 
cells were incubated with ProteoStat® dye for 30 mins. After treating cells with MG-132, ProteoStat® dye was found 
to readily highlight aggregated protein cargo accumulating within vacuolar cytoplasmic structures.

FIgure 7: Chromatin condensation, as observed by fluorescence microscopy. HeLa cells were treated for 4 hours 
with DMSO (Control) or 2 µM Staurosporine and stained with Nuclear ID® Green dye.  Staurosporine induced nuclear 
condensation.

Chromatin Condensation Assay: Fluorescence Microscopy

Control

2 µM Staurosporine

FIgure 8: HeLa cells were mock-induced with 0.2% DMSO (control) or induced with 2 µM Staurosporine for 4 hours at 
37°C.  After treatment, cells were trypsinized, washed, and incubated with Nuclear-ID® Green chromatin condensation 
dye, then analyzed by flow cytometry using a 488 nm laser with fluorescence detection in the FL1 channel, and 
imaging flow. Flow cytometry resolves the healthy cell population from the apoptotic cell population undergoing 
chromatin condensation, based upon as much as a ~30 fold increased fluorescence intensity. Control populations of 
Jurkat cells stained but not induced show lower intensity staining, with the exception of a small percentage (up to 
10%) of highly fluorescent cells, as expected in routine cultures of untreated cells. In the samples treated with 2 µM 
Staurosporine for 4 hours, more than 50% of the cells become highly fluorescent indicating late-stage apoptosis and 
clear separation of healthy cells from apoptotic cells with condensed chromatin is obvious. Imaging cytometry shows 
a 3-fold difference increase in fluorescence signal.

Chromatin Condensation Assay : Flow Cytometry and Imaging Cytometry
Flow Cytometry
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FIgure 6: Identifying protein aggregation by flow and imaging cytometry:  HeLa cells were mock-induced with 
0.2% DMSO or induced with 5 µM MG-132 for 16 hours at 37°C. After treatment, cells were trypsinized, fixed and 
incubated with ProteoStat® dye. Then the samples were analyzed by flow and imaging cytometry.  Results are 
presented as histogram overlays. In MG-132 treated cells, ProteoStat® dye red fluorescence signal increases at 
least 2-fold. 

ProteoStat® Aggresome Detection Assay: 
Flow Cytometry and imaging cytometry

Treatment
Mean (FL3)

Signal  
Flow Cytometer

Mean (FL3)
 Signal  

Cellometer Vision

Control 113 896

Treated 335 2051
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Nuclear-ID® Red/Green Cell Viability Assay for Microscopy and 
Imaging Cytometry

1.  Grow Jurkat cells via standard tissue culture practices.
2.  Collect about 1 x 105 cells. Centrifuge at 500 x g for 5 minutes. Remove supernatant.
3. Re-suspend cells in a volume of the freshly diluted Nuclear-ID® Red/Green Cell Viability Reagent solution sufficient 

for covering the cell pellet. The Nuclear-ID® Red/Green Cell Viability Reagent is a mixture of a red fluorescent cell-
permeable nucleic acid dye and a green fluorescent cell-impermeable nucleic acid dye that is suited for staining 
dead nuclei. 

4.  Protect samples from light and incubate for 30 minutes at 37°C.
5.  Centrifuge at 500 x g for 5 minutes. Remove supernatant.
6.  Re-suspend cells in 100 µL buffer.

For microscopy study: 
Plate 10-15 µL of cells on a glass slide.
Cover cells with a glass cover slip and observe under a fluorescence/confocal microscope with a dual filter set for 
(Ex/Em: 540/605 nm) and GFP/FITC (Ex/Em: 488/514nm).

For Imaging Cytometer study:
Load 20 µL of cells into a Cellometer counting chamber
Read with dual filter set (Ex/Em: 527/595nm and 475/525nm).

AbSTrACT
Cell-based assays routinely rely upon sensitive fluorescence detection methods. For 
simple cell counting, manual observations using a fluorescence microscope are time-
consuming and prone to human error.  Fluorescence-based cell analysis by flow cyto-
metry provides high sensitivity and reliability. However, the platform is expensive, re-
quires calibration beads to generate cell concentration data and careful maintenance 
to minimize contamination between samples. The inherent requirement for relatively 
high volumes of cells (~ 500 µl/sample) has provided impetus for the development of 
alternative platforms, such as imaging cytometers. Recently a novel imaging cytometry 
system, based upon inexpensive disposable counting chambers and requiring only 20 
µl of sample, has been introduced.  Using a combination of bright field and fluorescent 
images, the system automates cell image acquisition and processing using novel coun-
ting algorithms. The system accurately and consistently measures cell concentration, 
fluorescent intensities and percentages of fluorescent positive cells for a variety of cell  
types including cultured cancer cell lines, blood components and stem cells.  Novel 
fluorescence cell-based assays relating to autophagy, autophagic cargo accumula-
tion, nuclear condensation and cell viability were benchmarked on both the imaging 
cytometer and an industry standard flow cytometer. Human cervical adenocarcinoma 
epithelial cell line HeLa and Human leukemic Jurkat cells were both evaluated.  Re-
sults achieved using the imaging instrument showed excellent correlation with those 
achieved by flow cytometry. The described workflow provides a powerful, yet eco-
nomic, approach to the elucidation of apoptotic and autophagic pathway regulation.
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ConCLuSIonS
• Workflows employing Nexcelom’s Cellometer® Vision imaging cytometer, combined 

with various Enzo cell death-related assays have been successfully implemented:
- Nuclear-ID® Red/Green Cell Viability Assay:  Live-dead assay.
- Cyto-ID™ Autophagy Detection Assay:  Autophagy assay.
- ProteoStat ® Aggresome Detection Assay: Cell stress assay.
- Nuclear-ID® Green Chromatin Condensation Assay:  Apoptosis assay.

• Results obtained using the imaging cytometer were comparable to those obtained by 
conventional flow cytometry.

• The imaging cytometer required ~25-fold fewer cells and reagents than conventional 
flow cytometry.

• The described assay workflow provides a powerful, yet economic, approach to the 
elucidation of apoptotic and autophagic pathway regulation.


