
Abstract 
 
Approaches to sample analysis in multi-parameter flow cytometry and imaging remain strikingly distinct despite their use of remarkably 
similar technologies for data acquisition (e.g. fluorescent dyes, lasers, filters, and PMTs/detectors etc). This may be largely due to the 
different size of data sets (100s vs 1000s of events) or different parameters being measured (counting overall fluorescence of cells in a 
sample vs analyzing location of a fluorophore in the cell or tissue). Further, multi-parameter analysis for quantitation of immune cells is 
commonly used in flow cytometry but tissue pathology remains largely restricted to measuring histological parameters (size of 
pathology) or single colours (e.g Dab staining).  
 
A recent surge in immunotherapy has raised interest in multi-parameter imaging to quantitate immune cells, tumour cells and other 
cells in distinct areas of tissues (e.g. inside and outside the tumour margins). We have therefore been evaluating the use of InForm, 
which is proprietary software for analysis of images obtained using the Perkin Elmer Vectra Quantitative Imaging System. The data 
generated is then migrated to FCS Express for visualization and analysis using standard flow cytometry strategies. The benefits of this 
strategy is the ability to use spectral unmixing to accurately generate and analyse multi-parameter data in different tissue areas in a way 
that is easily understood by immunology researchers and clinicians who are familiar with results from flow cytometry software.  
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Slide scanning or image stitching of 
fluorescently labelled tissue can increase 
the number of cells or area of interest 
that can be analysed (Figure 4). Tissue 
segmentation algorithms can also be 
used to compare specific areas of interest 
(e.g diseased and normal) and automated 
analysis may also provide general 
information such as area or intensity of a 
specific stain. Fluorescence microscopes 
can be set up to image specific 
fluorophores with minimal overlap, 
however accurate imaging of 
fluorophores in fixed tissue sections can 
be hampered by native fluorescence in 
the tissue (autofluorescence). Recent 
advances in multi-spectral imaging (e.g  
 

Rationale and Results 
 
The workflow presented in the introduction is good for cell segmentation, processing of image data, and comparing fluorescence 
parameters of defined populations of cells (phenotyped). However they are not satisfying when comparing and displaying several 
parameters across various cell populations from large data files e.g. by drilling down on multiple parameters using gating strategies, or 
unbiasedly comparing several parameters in multiple samples using algorithms such as tSNE. These types of analysis are routinely 
performed on liquid samples using flow cytometry software (Figure 6), and are easily interpreted by immunologists and clinical 
laboratories that routinely evaluate these information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Image analysis software that can segment cells such as InForm already provide sufficient information, including total fluorescence for 
each colour and the size of the cell, to be processed using flow cytometry software. However the data files exported from InForm 
cannot be opened by standard versions of flow cytometry software.  The primary reason for this was an inability of the software to 
interpret column headers and any spaces or unfilled boxes in the data.  This was overcome by converting the exported files to excel and 
deleting any unnecessary metadata that resulted in empty or unreadable columns.  Data could then be opened and processed as if the 
information was generated by a flow cytometer. This data shows the typical biphasic peaks that is expected when investigating a 
population containing  cells that are negative and positive for the fluorophore of interest. The data could be inspected at the level of 
the nucleus, cytoplasm, membrane or total fluorescence, which provides an additional benefit than flow cytometry data which 
generally measures total fluorescence and requires further staining protocols to obtain data on subcellular location.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The exported data also contained spatial information on the location of each segmented cell, which could be used to generate a 
rudimentary map in an X and Y plot that could be used to gate on the cells in areas of the tissue. This data provided a proof of concept 
but was restricted to a single file meaning that it was not possible to investigate cells from  multiple fields of view simultaneously. This 
was easily overcome by merging two datasets into a single excel file before opening the data in FCS express. However it was not 
possible to merge data from two files as the X and Y coordinates reflected the location on the individual image rather than the slide.  
This meant that the data for the X and Y co-ordinates of each image overlapped in space.  This was overcome by adding a unique 
identifier for each image that was merged into the final data set.  
 
Following discussions with DeNovo, the creators of FCS Express 6 Plus, the software engineers developed in house solutions to integrate 
these processes within the FCS Express Image and FCS Express Plus versions of the software (Figure 8).  It is now possible to view and 
gate directly on images and track individual cells on images in dot plots. It is also possible to use non-adjacent images while maintaining 
information on where these images were obtained on a slide. Full exploration of this software and the benefits can be viewed as a 
Webinar to be held on the 21st of September 2018. See resources below and the FCS Express website for further information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Discussion 
 
It is now possible to process images in InForm and FCS express Image PRO to inspect image cytometry data files in the same way as 
liquid biopsies are processed using flow cytometry software. This processing permits extension of flow cytometry analysis to solid 
tissues which provides spatial information that cannot be determined using liquid biopsies. It is also possible to view and process 
multiple images with the same acquisition profile therefore expanding the number of cells in a sample to be able to define clear 
populations similar to data obtained by collecting data from several thousand cells using flow cytometry. Using these criteria it will be 
possible to generate objective data from antibody ttitrations to determine staining indices for better population profiling.  Importantly 
the data is presented in a  way that is clear to immunologists who routinely use this software and also  in the clinical space where flow 
cytometry is routinely used for diagnosis and evaluation of treatment outcomes. It is important to note that the accuracy of this data is 
still restricted by the accurate segmentation of cells, which may be difficult in some circumstances due to the nature of histology 
sectioning which involves slicing the tissue. Further developments may include imaging in 3D.  
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Resources 
 

Example of Plot in FCS with images 

Figure 6.  An example of  data analysis using flow cytometry to quantitate populations of cells with expression of specific cell surface markers. Image modified from 
https://www.bio-rad-antibodies.com/flow-cytometry-gating-strategies.html 

Figure 4.  T cells in a core taken  from tonsil was  stained with A) FITC-conjugated secondary only antibody  or B) 
anti-CD3 followed by FITC conjugated  secondary  antibody. Images were captured using an Aperio FL fluorescent 
slide scanner. Inset show magnified areas to highlight positive staining and possible autofluorescence. 

Figure 8. 

Figure 10 

Figure 3. Fluo cellsTM  (Invitrogen) were imaged at 20 X magnification using a  Zeiss 780 confocal mucroscope. A) The multicolour image displayed was captured using 
405 nm, 488 nm and 561nm lasers for excitation and capturing the fluorescence in two flanking PMTs and a 32 channle GaSaP  detector set for capturing DAPI, Alexa 
488 and MitoTracker Red respectively. B) A Line scan measuring pixel intensity for each colour was performed on one cell as indicated by the red line on panel A. C) 
Integrated intensity, intensity standard deviation, and average intensity of each fluorpohore was determined using MetaMorph Software and graphed using Excel.  

Figure 1. A section of mouse head stained with H&E was 
scanned at 20X using an Aperio AT Turbo slide scanner. 
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Introduction 
 
Quantitating the number of cells that display a specific phenotype in a specific region 
of tissue is becoming more important for evaluating disease and therapeutic 
responses, particularly in immunotherapy (Neeson et al 2018). This type of analysis is 
commonly done on dissociated tissue or blood samples using flow cytometers but has 
not been commonly used for evaluating pathology samples on slides, which must be 
analysed by microscopy. Analysis of pathology specimen on microscope slides 
generally relies on evaluating morphological parameters stained with coloured dyes 
such as haematoxylin and eosin (H&E; Figure 1).  Expression of individual proteins can 

be determined on H&E stained slides 
using immunohistochemistry with 
chromogenic dyes such as DAB and 
Warp Red (Figure 2). These analyses 
may restricted to measuring 
expression of one or two proteins as 
it can be difficult to quantitate the 
levels of each chromogen captured by 
a colour detector. Investigation of  
several proteins in the same cells or tissue can be achieved using multi-parameter 
fluorescence imaging such as confocal microscopy. This type of analysis can be used to 
evaluate spatial distribution of proteins or their co-localisation. However analysis may 
be restricted to a few cells within a limited field of view (Figure 3).  

Figure 2. A mouse spleen stained with Haematoxylin,  
CD163 (AP) Warp Red, and anti-CD68 (DAB), was 
scanned at 20X using an Aperio AT Turbo slide scanner. 

Figure 5.  Melanoma tissue was stained with  antibodies conjugated to four different fluorophores, and DAPI to stain the nucleus. A) Images were captured using the 
Perkin Elmer Vectra and unmixed using InForm. B) Cell masks were created on a similar image of tissue stained for CD3, CD4 and CD8 T cells  using the nucleus and 
expanding the mask from the nucleus to define the cytoplasm. C) Data from B was extracted and presented as a table. D) Cells were phenotyped based on the stain 
and E) presented using Spotfire.  

Perkin Elmer Vectra) have increased the number of fluorescent dyes that can be reliably imaged in any sample (Figure 6), Various image 
analysis software such as InForm, MetaMorph, Imaris, and MatLab can also be used to identify and characterise the fluorescence 
profile of individual cells, and further software (e.g Excel, Spotfire, and Prism) can be used to inspect and represent the data.   

The ability to use flow cytometry software to inspect image cytometry data would offer benefits of characterising 
immune populations in microscopy samples. This analysis would serve the added benefit of providing spatial data in 
solid tissues and provide valuable information to immunology and clinical laboratories. We therefore wished to 
determine whether image cytometry data could be processed using flow cytometry software.   
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Figure 7.  A tissue sample was stained for CD3 (red) and CD8 (green) and imaged using the Perkin Elmer Vectra Automated Pathology System. A) Images were 
processed using InForm and data exported to FCS Express. B) Dot plots were created to compare non nuclear (cytoplasm mask) expression of CD3 fluorescence (Cy3) 
vs CD8 fluorescence (FITC). A gate was created on the CD3 positive cells . C) The CD8 fluorescence of the CD3 positive cells was plotted as a histogram.  
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Figure8.  Four individual regions of tissue were captured using 3 x 3 regions of interest at 20 X magnification using the Perkin Elmer Vectra Automated Pathology 
System. Images and data were imported into FCS Express. A) The individual images are displayed in the composite figure and B) Subsequent data is displayed as an 
example histogram, dot plot and image mask to identify FITC positive cells. Note: adjacent images are not required and are spaced on the composite graph relative to 
their position on the slide.  
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