Shedding New Light On MICROSCOPY

APPLICATION NOTE

N'k ECLIPSE Ji Digital Inverted Microscope
' on Imaging Software NIS-Elements AR

Optional Modules Volume Contrast / General analysis 3

Visualization of cell death pathways by live cell imaging
Analysis of apoptosis using mitochondrial membrane
potential and annexin V

The development of fluorescent probes and microscopy technology have made significant contributions to medicine and
biology. They enable real-time observation of the movements of molecules and organelles within living cells, advancing our
understanding of cell death pathways and drug mechanisms of action. Furthermore, advances in image processing and
analysis technology have enabled label-free cell counting directly from brightfield images. This allows for the simultaneous
acquisition of more information, such as cell morphology observation and cell counting, while reducing phototoxicity in
live-cell imaging. This application note presents an example of analyzing early apoptosis with low phototoxicity by
visualizing mitochondrial membrane potential (MMP) and annexin V using fluorescent probes, and measuring cell numbers
using label-free Volume Contrast (VC) imaging. Furthermore, we analyzed differences in cellular response to three drugs:
etoposide, staurosporine, and antimycin A.

Keywords: Early apoptosis, Mitochondrial membrane potential, Cell death pathway, Fluorescent probe, Live cell imaging, Volume contrast,
Image analysis, Label-free cell counting

Mitochondrial membrane potential (MMP) and apoptosis
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Fig. 1: Principle of the fluorescent probe for detecting MMP Fig. 2: Principle of early apoptosis detection using Annexin V
The inside of the mitochondria is negatively charged, and cationic In early apoptosis, phosphatidylserine (PS) that was originally
fluorescent probes (such as MitoMP) accumulate in mitochondria located on the inner surface of the cell membrane becomes
due to the potential difference, resulting in increased fluorescence. exposed to the outside. Annexin V binds to this PS in a Ca2*-
When the membrane potential decreases, the fluorescence dependent manner, allowing for the detection of early apoptotic
weakens. This change in fluorescence intensity can be used to cells using fluorescently labeled Annexin V.

detect mitochondrial dysfunction.
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Fig. 3: Morphological changes over time in apoptotic HelLa cells.

Mitochondrial function was monitored using the mitochondrial membrane potential detection fluorescent probe (MitoMP), and early apoptotic
cells were visualized with fluorescently labeled annexin V, which binds to phosphatidylserine exposed on the outer membrane. The cell
indicated by the white arrow underwent cell division approximately 1 hour after the start of image acquisition, and one of the daughter cells
shrank and showed cell membrane blebs 11 hours later. It was positive for Annexin V after 12 hours. The other daughter cell was also
positive for Annexin V after 13.5 hours. After 16.5 hours, a rounded morphology was observed. (Scale bar: 20 um)

Click to
play video

Bright field Annexin V ' FL Merge BF + FL Merge

Time: 18.0 hours

[Image acquisition conditions]

« Bright field + Fluorescence merge image
« Orange: MitoMP (Mitochondrial MP)

« Green : Annexin V (PS)

« Timelapse video (Interval: 30 min. Duration: 18h)

Interval: 30 min Apoptosis Mitochondrial

Duration: 18 h

membrane potential
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Experimental Overview

(1) HelLa cell seeding (1 x 104 cells/well, ibidi 96 well plate),
cultured for 24 hours at 37°C in 5% CO..

(2) Remove the medium and wash the cells twice with MEM
medium.

(3) Add the MT-1 working solution adjusted in MEM medium, and
iIncubate at 37°C for 30 minutes in 5% COx.

(4) Remove the supernatant and wash the cells twice with MEM
medium.

(5) Cells were treated with various apoptosis inducers adjusted in
MEM medium.

(6) Add Annexin V working solution (Dilute Annexin V — FITC
stock solution with Quenching Buffer)

For details on staining conditions, please refer to the instruction
manuals for and

(7) Place the sample on the stage of the ECLIPSE Ji equipped with
a stage-top incubator and acquire time-lapse images at
approximately 30-minute intervals for about 18 hours.

(8) After reviewing the time-lapse images, extract 18 hours of
data at 2-hour intervals. Quantify the images using the NIS-
Elements image analysis module “General Analysis 3 (GA3)".
Display graphs on the viewer to analyze the data. Furthermore,
output the analysis data in CSV format and analyze the data
using Microsoft Excel®.

. : Fluorescence @ EX/Em .
Detection region label (nm) Exposure time
. 178 ms
MMP MT-1 MitoMP | 550/600 (LED Power: 8)
Phosphatidylserine| Annexin V 475/515 215 ms
(Apoptotic cell) -FITC (LED Power: 13)
- None Bright field 1 ms

Magnification Field of view (FOV)

10X 1.77 x 1.77 mm / image

A 1 2 3 4 > 6 /7 8 9 10 11 12 # of points Z stacks
Plate Map 1 Point /well 6.82 um x 3 steps (Range:13.64 ym)
B Table. 1: Detection regions, fluorescence labels, and image
C 0 uM OpM 0 uM acquisition conditions (Using C-FL-Q Quad band FL filter Cube)
Etoposide | Staurosporine | Antimycin A
D 10 uM 0.5 UM 1 uM ]
Etoposide | Staurosporine | Antimycin A Materials and reagents
E Etoposide | Staurosporine | Antimycin A Cell culture
100 uM 10 uM 10 uM Cell Line HelLa Cell
- Etoposide | Staurosporine | Antimycin A
G Growth medium MEM
H Culture vessel Ibidi #89626, u-Plate 96 Well Square
Test substances
Image Etoposide (0, 10, 50, 100 uM)
Capture 'clzé):’glzgﬁzgntration Staurosporine (0, 0.5, 5, 10 uM)
Cell @ Antimycin A (0, 1, 5, 10 uM)
Seeding Wash Wash

| 24 h | 30 min | | | |
Product name Product number | Supplier
Inducer Annexin V Apoptosis y .
addition _ AD12 Dojindo Laboratories
Plate Assay Kit
Annexin v MT-1 MitoMP Detection
working solution | MT13 Dojindo Laboratories
addition Kit

Label-free cell counting using volume contrast (VC) images
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" 2B A Volume Contrast (VC) is an add-on module for NIS-Elements software that enables the
O b A construction of phase distribution images, such as fluorescence images, from bright-field images
j"“/agf’ captured at multiple Z depths. VC images have a high S/N ratio (signal-to-noise ratio), enabling
£ fu"}\;‘ easy distinction of cellular regions from the background. This simplifies segmentation, allowing

creation of masks for cell counting and enabling label-free cell number measurement.
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Streamlined image analysis and data visualization with General Analysis 3 (GA3)

GA3 is a versatile image analysis module with excellent data visualization capabilities. In addition to binarization and measurement, it offers
robust graph display functions. Fig. 4 shows the “Well Plate View” displayed in the center-right (C-1), providing an overview of the analysis
results for the entire well plate. The "GA3 Main" and "GA3 Side" functions enable parallel display of fluorescence intensity change rates for
mitochondrial membrane potential (Orange: MitoMP) and apoptosis (Green: Annexin V) in a well plate format (Fig. 4 (C-1)). This allows you
to grasp the change rates across the entire plate at a glance without switching screens, allowing you to focus on deeper analysis. GA3's
high level of customization supports powerful analyses by providing optimal data display tailored to your experimental content. In addition,
analysis results can be exported in Excel format, enabling analysis using your regular statistical analysis software.
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Fig. 4: Example of the NIS-Elements GA3 analysis results viewer for mitochondrial membrane potential and early apoptosis
(A) Image with cell count masks overlay (scale bar: 100um)

(B) Drug dose-response curve

(C-1, C-2, C-3) Well plate format graph display (Stacked Layout). Select the icon within the yellow dotted frame to switch between multiple
graphs.

(C-1) Line graph of the change rate in fluorescence intensity in each well (left: MitoMP, right: Annexin V).

(C-2) Left: Drug information for each well (drug name, concentration). Right: Bar graph of the change rate in fluorescence intensity at
T=14 h (MitoMP (orange) and Annexin V (blue)).

(C-3) Left: Line graph of the change rate in cell number in each well, Right: Heatmap of the change rate in cell number at T = 14 h.
(D) Left: Data table for all wells; Right: Line graph showing the change rate of fluorescence intensity for MitoMP and Annexin V in the
selected image.

(E-I) Enlarged image of the area within the white dotted frame in Image (A)

(E) Brightfield image

(F-H) Fluorescence images (F: MitoMP, G: Annexin V, H: Fluorescence merge image)

(I) Image with cell count mask (pink) overlaid on the brightfield and fluorescence merge image, (Scale bar for E-I: 20 pm).

Importance of Time-Lapse Analysis

Antimycin A causes mitochondrial dysfunction, as evidenced by the rapid decline in MitoMP fluorescence intensity within approximately two
hours. Since cellular responses to drugs are difficult to predict, automated live-cell imaging proves highly effective. This enables prolonged
continuous observation, allowing precise capture of the changes drugs induce in cells, the timing of these responses, and their effects.



Results and Discussion
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The three drugs showed characteristic response patterns in Hela cells. Etoposide induced apoptosis at high concentrations, but the effect
was relatively mild, whereas staurosporine was a potent drug that rapidly induced apoptosis even at low concentrations (Fig. 5 (M, N,
Bottom row)). Antimycin A caused the most significant mitochondrial dysfunction (Fig. 5 (O, Middle row)).Etoposide (100 uM) induced
apoptosis, with Annexin V fluorescence intensity gradually increasing 12 hours after treatment (Fig. 5(M)). Staurosporine (10 uM)
immediately caused the cells to shrink, and morphological changes were already observed at the start of imaging (T=0) (Fig. 5(C, Upper
row)). Antimycin A (10 uM) caused an immediate decrease in MitoMP fluorescence intensity, with a reduction in mitochondrial membrane
potential already observed at the start of imaging (Fig. 5(F, Upper row)). Furthermore, a loss of mitochondrial membrane potential (AWm)
was confirmed within 2 hours of treatment with Antimycin A (10 uM) (Fig. 5(0O, Middle row)). Typically, mitochondrial dysfunction causes
cell death or growth inhibition, but in this short-term observation (18 hours), the cell count increased by approximately 1.3 times. This is
thought to be due to a metabolic shift involving the Warburg effect.

« Decrease in mitochondrial membrane potential:Antimycin A is a drug that inhibits mitochondrial electron transport chain complex III.
By disrupting proton gradient formation, it rapidly reduces the mitochondrial membrane potential (AWm). This is thought to stop ATP
production via oxidative phosphorylation.

« Energy metabolism shift to glycolysis: Hela cells, which are cancer cells, produce energy (ATP) primarily through glycolysis,
independent of oxidative phosphorylation. This phenomenon is known as the “Warburg effect.”

Therefore, in this experiment, although Antimycin A treatment reduced the mitochondrial membrane potential, HelLa cells were able to
continue supplying the energy required for cell proliferation over the short period of 18 hours by enhancing glycolysis. However, long-term
Antimycin A treatment ultimately induces cell death (apoptosis or necrosis) and reduces cell numbers, as reported in numerous studies.
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Drugs Mechanism of action Cell count

Mitochondrial

membrane potential

Main cell death mechanisms and

Annexin V characteristics

Etoposide
(100 pM) inhibition

DNA topoisomerase II| No change =—>» Indirect loss after
(approx. 1.0 times)| DNA damage

Delayed positive

| conversion >y

v" DNA damage — Endogenous apoptosis

Staurosporine Broad Kinase Inhibition

Decrease S | Indirectly lost after
(10 pM) (approx. 0.9 times)| kinase inhibition \

Rapidly v' Broad kinase inhibition — Endogenous
turning and exogenous apoptosis, disruption
positive of nonspecific signaling pathways

Increase
(approx. 1.3 times)

Antimycin A transport chain

(complex III) inhibition

(10 uM)

Mitochondrial electron ﬂ Immediate loss due to

electron transport No major —_—
R changes
chain inhibition Ié

v' ATP depletion/ROS production —
Apoptosis, necrosis, energy
metabolism shift to glycolysis

Table. 2:Comparison of the change rate (Relative to Initial Values) and drug response after 18 hours at high concentrations of each drug

This experiment focused on early apoptosis, and data
were acquired through 18-hour time-lapse imaging. Even
during this 18-hour imaging period, the fluorescent probe
MitoMP (MT-1) showed minimal fluorescence intensity
decrease of only 10% in the control wells, demonstrating
very low photobleaching and yielding highly accurate
results. When analyzing later stages of cell death, such
as late apoptosis or necrosis, co-staining with a dead cell
detection fluorescent probe (PI: propidium iodide) and
extending the observation time enables analysis.
Furthermore, combining these with ROS (reactive oxygen
species) detection probes enables a more detailed
elucidation of the mechanisms underlying cell death
pathways. Advances in fluorescent probes and
microscopy technology are making significant
contributions to the further development of medicine,
pharmacology, and biology.

Other related fluorescent probes for cell death
research

Product name Product number | Supplier

-Cellstain®- PI solution P378 Dojindo Laboratories

ROS Assay Kit -Highly

L R252 Dojindo Laboratories
Sensitive DCFH-DA-

Related Application Notes
1)

2)

Summary
v Live cell imaging enables real-time observation of the
effects drugs have on cells.

v Time-lapse imaging records the dynamic process of
drug action, revealing changes often overlooked in
endpoint analysis and providing deeper insights.

v Volume Contrast (VC) generates a high S/N phase
distribution image from a brightfield image, enabling
label-free cell counting. It reduces phototoxicity and
minimizes the impact on cells during long-term live
cell observation.

v NIS-Elements is software that seamlessly handles
everything from image acquisition to analysis and
graph display, offering a wide range of modules to
meet diverse experimental needs.

v' GA3 excels at data visualization and offers high
customizability, enabling optimal data display tailored
to your experiments.
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Product Information

ECLIPSE Ji Digital Inverted Microscope

ECLIPSE Ji enables a high flexibility in experiments when
used in combination with NIS-Elements AR. Flexible
customization allows you to optimize your experiments to
suit your individual needs. Additionally, installing a stage-
top incubator enables live cell imaging using time-lapse
Image acquisition.

Imaging software NIS-Elements AR

NIS-Elements AR's HCA/JOBS (Bundle JOBS) provides
complete solutions for high content imaging. Streamline
your experiments with a seamless workflow from image
acquisition to analysis.

General Analysis 3, image analysis module

GA3 is a tool that automates and streamlines image
analysis. It allows you to visually build analysis flows
using nodes (analysis blocks), automating everything
from image processing to data analysis. A variety of
functions, including image processing, segmentation,
measurement, graph display, and NIS.ai, can be flexibly
combined to display data in the most optimal format for
your experiment, providing powerful support for analysis.

operations

S Extensive graph and layout
functions

Tracking

}Graph functions

Scatterplot 4D
Node (analysis block) unit

Display Horizontal Stacked

Layout

Layout functions for displaying
data tables and graphs

Wellplate
Bars Barstack Boxplot

Display graphs in each well in
a well plate format

} Data tables

Daosing Heatmap Image
Labeling Linechart Violin

Tables

Summary Table Table with Stats

Reports
Report HTML Report

} Reporting functions

Legacy Graphs

Statistical Box
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