Intracellular localization and trafficking using the ImageStream. imaging flow cytometer
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Measurement of the internalization of surface bound proteins is important to
the study of cellular processes such as drug uptake and processing by cells,
entry of pathogens and toxins, or antigen processing and presentation.
Internalization of proteins may occur through clathrin-mediated endocytosis
or lipid raft/caveolae pathways and traffic to endosomes that can result in
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protein sorting and re-cycling to the cell surface or degradation through the Figure 2. Characterization of the internal and external parts of the cell.
ysosomal pathway.
The ImageStream imaging flow cytometer acquires & channels of imagery Ramos cells stained on the cell surface with PE anti-CD45, permeabilized and fixed and stained internally with Spectral
Red anti-Lamp1 were analyzed on the _Panel A shows cellimages in g le from left to 0.85 0.38

including brightfield, darkfield and 4 channels of fluorescent imagery using a
CCD camera in which the plxels in each channel are in spatial registry. This
enables the signal in of the
cell based on imagery and & correlation analysis of the similarity of the
images between channels is possible. This has significant utility in the

Figure 6. Representative EEAL1/RTX /Lampl cell
images

Representative cell images from each treatment group are shown above. In
grey-scale from left to right are the EEAL, RTX, and Lamp1. images, followed by

right, CD45, Brightfield, and Lamp1 images, followed by composite images of CD45/Lampl. Panel B shows the mask
used to define the inside of the cell in Brightfield and the membrane portions of the CD45 or Lamp images.

assessment of the localization of proteins,
P A B 0.86 0.51 two composite images. The first composite is an overlay of EEAL (green) and
Determining the fate of a cell surface bound protein relies on the co- A RTX (red). The second composite is an overlay of Lamp1 (green) and RTX
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often with or b ingle focused cells intracellular ampl images in the time 0 sample, and their
methads such as co-isolation or co-precipitation. 4 Internalization transferrin-biotin Single. focused cells 0.85 0.55 corresponding low SBD values (top). In contrast, note the similarity of the RTX /
04 ale, EEAL image pairs in the 37 C sample, indicating trafficking of RTX to early
In this report, Ramos cells were co-stained with a known surface molecule n endosomes at this time point (bottom). Only a few cells show marginal evidence
(PE CD45, orange) and a known cytoplasmic marker (Lamp1, purple) or were /\‘ of lysosomal RTX trafficking (bottom left).
incubated with labeled transferrin and subsequently stained with anti-CD71. _— 120 4 0.86 0.44
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medium with biotin labeled
transferrin (Sigma) at 37
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The similarity Bright Detal score is used to identify co-localization of two probes. Ramos cells were incubated for at 37 degrees for
20 minutes with biotin labeled transferrin, permeabilized and fixed and stained with Fitc labeled anti-CD71 and PE strepavidin. A.
Similarity Bright Detail of the population. B. Selected imagery of high Transferrin/CD1, low Transferrin/Lamp1 or CD71/Lamp1
cells 3.43 0.84 297 128
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The Internalization Score (IS) is defined as the ratio of intensity inside the cell to the intensity of the entire cell. The higher the score, the 3.23 038 2.67 1.56
greater the concentration of intensity inside the cell. For and to arc segments, only the upper . . . | )
quartile of pixels (based on intensity) inside the cell and in the membrane ave considerad for computing the ratio. Also, in order to provide T"IE S‘T"al”‘y B‘”E"‘ '?f‘a" Sitore "sgel”"e" from ‘;‘f et ”‘;”"E‘"‘Z“‘ Pea’sh”" s Wr"TE'ha‘g"" “IS’E"‘”‘*“‘I(") °a‘"°”'a‘e” for
invariance to cell size, the mean of the upper quartile pixel intensities is used to compute the ratio. The ratio is then mapped on a log D e T T B e oo e image
Figure 1: ImageStream Architecture scale to increase the dynamic range to values between {-inf, inf}. The thickness of the membrane (in pixels) determines which pixels are " [mg ol vamés pol E(el mlgensmes and lhegd\ﬂeremzma ey d\ﬂerzm ot "uo':escem el 9
X o used to define the boundary and the membrane portions of the cell. The user supplies an ‘internal’ mask based on the brightfield image The former o 3 gery-
ImageStream is a novel technology designed to image rapidly-moving objects in flow or on that covers the inside of the cell, the thickness of the membrane in pixels and the fluorescent channel of interest.  formula is given below;
substrates with high sensitivity, high image fidelity, and in multiple simultaneous imaging modes. As The cell is divided into 2 regions: External (B) and internal (1). The user supplies the internal region as the mask. The external region is
shown in the figure above, cells are hydrodynamically focused within a flow cuvette and are determined by: 1. Dilating the internal mask by the membrane thickness. 2. Combining 1 with the object mask of the channel of interest. 3 Z X xY
iluminated from the side and from behind with lasers or other light sources. Fluorescence, side External region equals mask 2 and not the internal mask. Next, the mean intensity of the upper quartile of the pixels in each region is _ Conclusion
scatter, and transmitted light from cells is imaged by an objective lens and relayed to a spectral determined. The Internalization Score (IS) is then computed as follows: r=
decomposition element, which divides the imagery into spectral bands located side-by-side across Z X2 x ZY 2 This study demonslrales the feaslblmy cf using the to measure ion of proteins and co-localization of proteins of interest to the endosomal and lysosomal
the detector. Different spectral bands are used for different imaging modes or different colors of cellular thod for on is described that allows one to extend that analysis to specific localization to intracellular organelles. These data
fluorescence imagery. For example, laser side scatter produces a darkfield image in the laser's the ability ov the to acquire imagery of cells in numbers required to achieve statistical significance between groups or identify subpopulations with relative ease.
spectral band while transmitted red light produces a brightfield image in the red spectral band.
Bpetause all the channels are in Spaﬂg‘ repwster image gna‘ws is ggfeatly faml‘talepd and the IS =lo (L) where @ = L p—’ The data pairs (X, Y) are simply the pixel intensities at the same location in each fluorescent image channel. This correlation Here data are presented that describes the methodology used to identify the internal and external parts of the cell and the algorithms used for the Internalization Score. A time course of
imagery can be readily for visual after analysis. High = tog —a ’ . — my; +m P coefficient produces values that range from 0 (no to 1 (perfect of r as a metric for internalization of transferrin is shown. Finally, data for a single time point (2 hr) in a kinetic study regarding the cellular fate of Rituximab bound to CD20 on the cell surface. After 2 hours at
sensiivity s achieved by operating the CCD in Time Delay Integration (TDI) mode, TO! imaging is a b 1 BB surface is limited because jons of r values at the high end of the range are compressed. To decompress 37 degrees C, approximately 80% of the Rituximab signal co-localizes with the endosomal marker. There is a smaller percentage that co-localizes with the lysosomal marker at this time.
method of electroniclly panning the detector o track object motion. TO! operation results i signal the high end of the range, we calculate SBD, which is a ransformation of r using the following formula: This percentage increases over time but not to the extent of the endosmal co-localization (data not shown). The use of the fluorochrome, PE, as the marker for Rituximab may influence this
collection times that can exceed ten orders of longer than = Mean intensity of upper quartile pixels in I, mB = Mean intensity of upper quartile pixels in B, [ OB S E D e N 9l TR
flow cytometry, while preserving image fidelity and throughput. pl = Peak intensity of upper quartile pixels in ,: pB = Peak intensity of upper quartile pixels in B ! 1 + r This i i and can also be combined with a nuclear stain that would allow simultaneous assessment of apoptosis by assessing nuclear fragmentation
o . (data not shown). In the study of drug antibody this may allow for a more accurate assessment of drug candidate efficacy and mechanism of action
Similarity Bright Detail (SBD) = I n by evaluating the rate and proportion of endosomalllysosomal localization and the induction of apoptosis.
Unlike r, SBD is unbounded and produces normal over large sets of As a result, the “dynamic

range” of SBD is higher and correlates more closely to qualitative judgments of visual distinctiveness.
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