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INTRODUCTION:

Tumor heterogeneity, characterized by distinct changes

Single-Cell Tracking In Cultured Mammalian Cells

Shylah Healy'?, Jinghui Wang?, Miroslaw Janowski?, Piotr Walczak?, Yajie Liang?

Tohns Hopkins University

“Department of Diagnostic Radiology and Nudear Medicane, University of Maryland, Baltimore

between cells within the same

tumor, 1s the main cause of drug resistance and relapse of cancers. The development of
the genetically encoded fluorescent ubiquitination-based cell cycle indicator (FUCCI)
system (Fig. 1) [1] has expanded the toolset for investigating tumor heterogeneity,

allowing for the visualization of the cell cycle phase 1n

cancer cells. If a single cell’s

physical position, progression through the cell cycle, and activation of intracellular
calcium signaling pathways can be tracked, then we can tell if there 1s any cellular

heterogeneity present within a cancer cell population. E
protein (BFP), conventionally used in 1maging, 1s not 1c

lowever, the blue fluorescent
eal for 1n vitro single-cell

tracking because of the high background 1n culture mec

1um. There are also no current

sensors that can detect both calcium and the cell cycle, as calcium 1s an important

second messenger for intracellular signaling pathways.

instruments capable of high throughput long-term 1maging has prevented the exploration

of this method.

Lastly, limited access to

OBJECTIVE:

We aim to explore whether a new genetically encoded reporter construct can reliably report
migration, cell cycle progression, and calctum through long-term single-cell tracking.

RESULTS:

A Novel Genetically Encoded Reporter System for Functional
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Figure 1. Fluorescent Ubiquitination-based Cell Cycle Indicator
(FUCCI) Red fluorescence expressed by mKO2-hCdt during Gl
phase of the cell cycle and green fluorescence expressed by
mAG-hGem during S/G2/M phases.

METHODS:

e

We replaced the BFP in the FUCCI system with infrared
fluorophore (miRFP670nano) and incorporated a calcium
indicator (GCaMP6s [3]) to create the construct named
functional FUCCI, illustrated 1n Fig. 2. We then packaged
lentivectors and transduced HEK293 cells and performed long-
term single-cell tracking through repetitive imaging of these cells
at 15 min intervals for 24 hours using Tecan Spark Cyto. These
images from four channels (red, green, infrared, and bright field)
were stacked and registered in ImageJ. In Cellpose [4], a
customized segmentation model for HEK293 cells was then
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Figure 4. Mean Intensity of Calcium Indicator in HEK293 Cell Track
1 Highlighted focus area and associated cell tracking images depict

concentration of calcium via GCaMP6é6s.

trained through manual annotation and applied to a cropped stack - ~
of the recorded 1images. Finally, Trackmate [5] was utilized to
: : . Raw Images
link the segmented cells together over consecutive time frames. e
The cell track labeled ‘Track 1’ was chosen for analysis of i
- - . - - A
fluorescent intensity regarding both cell cycle indicator and
GCaMPé6s [5] calcium indicator. @
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Figure 2. Plasmid Vector of pLV-puro-EF1A-Cherry-hCdt-p2a-miRFP670nano3-hGem1(1-
110):t2a-GCaMP6s , Composition of Functional FUCCI, and Schematic Flowchart of

Methodology
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Figure 5: HEK
293 Track
Migration Cell
imaging of single-
cell tracking with
illustrated
migratory tracks
and histogram of
total migration per
track.
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Figure 6. Variation in Single-Cell Track Migration Cell imaging of single-cell tracking with
illustrated migratory tracks and histogram of select single tracks.

CONCLUSION:

* We developed a genetically encoded reporter system that successfully tracks
changes 1n fluorescence intensity of functional FUCCI, tracking cell cycle
progression and calcium dynamics of single cells.

*  We successfully tracked the dynamic change in the fluorescence intensity of
functional FUCCI regarding cell cycle progression and calcium dynamics in

HEK?293 cells.

FUTURE DIRECTIONS:

* Future studies should be performed to evaluate tumor heterogeneity and if
similar behaviors can be observed in differing cell lines or 1n vivo. Moreover,
the quantification of such behaviors may eventually allow for discovery of
new drugs and potential treatment to combat cancer relapse.
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