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SUMMARY: 29 
Here we describe a protocol for the automated segmentation of fluorescently labeled tissues on 30 
slides using a widefield high-content analysis system (WHCAS). This protocol has wide-ranging 31 
applications in any field which involves the quantitation of fluorescent markers in biological 32 
tissues including the biological sciences, medical engineering, and health sciences. 33 
 34 
ABSTRACT: 35 
Automated slide scanning and segmentation of fluorescently-labeled tissues is the most efficient 36 
way to analyze whole slides or large tissue sections. Unfortunately, many researchers spend large 37 
amounts of time and resources developing and optimizing workflows that are only relevant to 38 
their own experiments. In this article, we describe a protocol that can be used by those with 39 
access to a widefield high-content analysis system (WHCAS) to image any slide-mounted tissue, 40 
with options for customization within pre-built modules found in the associated software. Not 41 
originally intended for slide scanning, the steps detailed in this article make it possible to acquire 42 
slide scanning images in the WHCAS which can be imported into the associated software. In this 43 
example, the automated segmentation of brain tumor slides is demonstrated, but the automated 44 



segmentation of any fluorescently-labeled nuclear or cytoplasmic marker is possible. 45 
Furthermore, there are a variety of other quantitative software modules including assays for 46 
protein localization/translocation, cellular proliferation/viability/apoptosis, and angiogenesis 47 
that can be run. This technique will save researchers time and effort and create an automated 48 
protocol for slide analysis. 49 
 50 
INTRODUCTION:  51 
The accurate and precise quantitation of fluorescently-labeled tissues on slides is a highly sought-52 
after technique in many scientific fields. However, researchers often manually count specimens 53 
or spend considerable amounts of time developing esoteric automated techniques to achieve 54 
this. Herein, we provide a protocol for the automated slide scanning and quantitation of cells 55 
using a WHCAS and its associated software, with innate immune cells in frozen human brain 56 
tumor sections as an example. The associated software offers a wide range of built-in 57 
customizable modules from neurite outgrowth counting to differentiation of cell types1-6. The 58 
goal of this method is to provide researchers with a start-to-finish, easily reproducible protocol 59 
to acquire images of and quantitate fluorescently-labeled entities in any slide-mounted tissues.  60 
 61 
In this protocol, the WHCAS is mainly used for imaging plates for the subsequent analysis on the 62 
associated software even though a slide adapter and the basics to slide scanning7 were available. 63 
It was prohibitive to image slides because the careful spatial calibration of the acquisition area, 64 
the selection of appropriate journals, the creation of tailored loadouts, and a liaison with product 65 
representatives were required. In the wider body of literature, in lieu of purchasing a dedicated 66 
slide-imaging and analysis apparatus8, a previous technological report with access to this 67 
software circumvented the image acquisition of slides on the WHCAS altogether9. Performing 68 
image acquisition or image analysis on different platforms necessitates extra work to ensure each 69 
is compatible with the other. 70 
 71 
The ability to use the WHCAS and its software for image capture would avoid the unnecessary 72 
complications of searching for or developing a workflow alien to these tools. In this article, the 73 
steps required to create a low magnification overview scan and the corresponding high 74 
magnification images by treating the slide as a plate, and the subsequent analyses using the 75 
Multi-Wavelength Cell Scoring segmentation module allow for the repurposing of the WHCAS. 76 
This readily usable protocol provides an advantage over alternative techniques because there is 77 
no need to develop algorithms or multi-step counting protocols10,11 once the images are acquired 78 
on the WHCAS. This protocol mitigates the time required to optimize a quantitation technique, 79 
is more precise12 and efficient than manual counting and maximizes the use of the WHCAS. This 80 
protocol can be widely and easily used since it enables the imaging and analysis of any 81 
fluorescently-labeled tissues on slides. 82 
 83 
PROTOCOL: 84 
 85 
Tumor specimens were obtained as per the protocol approved by the local institutional review 86 
board and ethics committee and conducted in accordance with national regulations. The WHCAS 87 
and its associated software used in this article are listed in the Table of Materials. 88 



 89 
1. Importing the journals 90 
 91 
1.1. Open the associated software. 92 
 93 
1.2. Download the journal suite indicated in the Table of Materials. 94 
 95 
1.3. Import the journal suite to a suitable directory by clicking on the main menu heading Journal, 96 
selecting Import Journal Suite…, and clicking Import. 97 
 98 
2. Creating settings for preview scan acquisition 99 
 100 
2.1. In the Plate Acquisition Setup dialog box, go to the Objective and Camera tab. Select 4x as 101 
the magnification, 1 as the camera binning, and 2 as the gain. 102 
 103 
2.2. Input the settings in Figure 1A under the tab Plate – Slidescanning. 104 
 105 
NOTE: These settings have been created to allow the user to view and navigate up to 3 slides. 106 
Each slide has been divided into 3 adjacent wells for the easy navigation and ‘live’ visualization 107 
of the tissue slices or cells. 108 
 109 
2.3. In the Sites to Visit tab, fill the wells uniformly with the sites. 110 
 111 
2.4. Click on Edit Plate Bottom Settings… and enter the values displayed in Figure 1B. 112 
 113 
2.5. Under the Acquisition Loop tab, enter the desired wavelength (any nuclear stain in this 114 
example) for the preview scan. For the best contrast and image-based focusing, use the brightest 115 
fluorescent signal (e.g., often a nuclear stain). 116 
 117 
NOTE: Staining tissues with a bright stain such as a nuclear stain is recommended since this 118 
provides a high contrast compared to the background. Not only will this aid in the sample 119 
location, but when imaging more than one fluorophore in the following high magnification 120 
acquisition, the brightest color will be used to base the imaging offset of the other colors on. 121 
 122 
2.6. Enable Shading Correction in Plate Acquisition mode to stitch images together.  123 
 124 
2.7. Save these settings as Setting A. 125 
 126 
3. Creating settings for slide acquisition at high magnification 127 
 128 
3.1. In the Plate Acquisition Setup dialog box, go to the Objective and Camera tab. Select 40X as 129 
the magnification, 1 as the camera binning (for the highest digital resolution), and 2 as the gain 130 
(to increase the signal and brightness of images). 131 
 132 



NOTE: A lower objective magnification setting can be used, but the authors found 40X to be the 133 
optimal setting for the analysis of human microglia and macrophages in brain tumor tissue using 134 
the Multi-Wavelength Cell Scoring module. 135 
 136 
3.2. Ensure all settings for the Plate – Slidescanning and Edit Plate Bottom Settings… tabs are 137 
the same as that for Setting A (see step 2). 138 
 139 
3.3. If the images obtained are not crisp, change the Well depth, Plate height, and Plate Bottom 140 
Settings to adjust the focus. If there is still an issue with the focus, choose Laser with Image 141 
Recovery under the Autofocus options section. 142 
 143 
3.4. Under the Acquisition Loop tab, enter the number of wavelengths present in the sample. 144 
Check the Enable laser-based focusing and Enable image-based focusing (for acquisition or laser 145 
recovery) options. 146 
 147 
3.5. Under the Autofocus tab, select Focus on plate and well bottom. 148 
 149 
3.6. In the Journals tab, select the options as indicated in Figure 2, ensuring Prevent 150 
asynchronous hardware moves is also selected. 151 
 152 
3.7. Save these settings as Setting B. 153 
 154 
4. Placing the slide in the widefield high-content analysis system 155 
 156 
4.1. Press F4 to get the Main Menu. Select Slide Scanning. Click Open Door – Eject Slide and 157 
insert slide(s) and the slide adapter (that can hold up to three slides) into the WHCAS (Figure 3A 158 
and 3B). Orient the slide with the coverslip facing down and the label on the side of the notch in 159 
the slide adapter (Figure 3A). 160 
 161 
NOTE: The slides used in this experiment were standard 25 x 75 x 1 mm slides. 162 
 163 
4.2. Click on Close Door – Load Slide. 164 
 165 
5. Acquiring a preview scan 166 
 167 
5.1. Under the Screening heading, select Plate Acquisition and Control… and Plate Acquisition 168 
Setup… and load Setting A. 169 
 170 
5.2. Under the Wells to Visit tab, move to the well containing the sample, using the right-click 171 
button on the mouse. Under the Sites to Visit tab, move to different sites with the Live image 172 
capture until the cells are located. Manually focus on the sample or use the Autofocus. Use Snap 173 
to capture the image. 174 
 175 
NOTE: The sample is easier to locate with more sites, and by fitting the sites to the well (see step 176 



2.3).  177 
 178 
5.3. On the main menu, select Preview Slides. 179 
 180 
5.4. In the dialog box that automatically pops up, select the option reflecting how many slides 181 
are going to be scanned. Scan one slide at a time. Press OK. Select 4X as the magnification. Press 182 
OK. Select Coverslip down (0.17 mm) as the slide orientation (use a correction collar if a different 183 
coverslip thickness is used). Press OK. Click Continue. 184 
 185 
NOTE: If the user wishes to acquire preview scans for 2 or more slides, each preview scan has to 186 
be opened individually prior to the acquisition of the corresponding high magnification image. 187 
 188 
5.5. Under Load Scan Slide Setting, ensure the Acquisition settings and Calibrations boxes are 189 
checked. Press Cancel. When the Scan Slide Settings box reappears, select Continue. 190 
 191 
5.6. When the Scan Slide dialog box appears, adjust the settings as suggested in Figure 4A-4C. 192 
Select Close when finished. 193 
 194 
NOTE: Increasing the camera binning and decreasing the camera exposure time will result in 195 
faster scanning, albeit at a lower digital resolution and dynamic range, respectively, hence 196 
decreasing the image quality. Shading correction will ensure a uniform intensity across a single 197 
field of view. Turning on Hardware and Image Autofocus will ensure the scan is in focus but will 198 
slow down the scanning. In the interest of saving time, it is recommended to have Shading 199 
correction and Hardware and Image Autofocus off while acquiring the low magnification scan, 200 
but to have these options turned on for step 6 during the high magnification imaging. The 201 
resolution of the low magnification scan will not affect the resolution of the high magnification 202 
scan. 203 
 204 
5.7. Select a directory for the slide scanning data. Click OK. Enter a name for the file. Click OK. 205 
 206 
5.8. The Draw Region dialog box will automatically appear. Use the Rectangular Region tool 207 
(Figure 5A) to select the entire preview scan region as shown in Figure 5B. Click Continue. 208 
 209 
5.9. The Setup Complete dialog box will appear. Select Continue.  210 
 211 
NOTE: The preview slide scan will now commence. 212 
 213 
5.10. When the preview is completed, the Scanning Complete dialog box will appear. Select 214 
Continue. Do not close the preview scan window (in this example the DAPI Scan window; see 215 
Figure 6). 216 
 217 
NOTE: The setup and low magnification scan acquisition process will take approximately 20 min. 218 
The subsequent high magnification image acquisition time will depend on the number of sites 219 
chosen as well as the exposure times for each channel. 220 



 221 
6. High magnification scanning 222 
 223 
6.1. Load Setting B. 224 
 225 
6.2. Determine which wells are to be imaged. Under the Wells to Visit tab, move to the well 226 
containing the sample, using the right-click button on the mouse. 227 
 228 
NOTE: The technique is demonstrated here by imaging Well 1. 229 
 230 
6.3. Under the Sites to Visit tab, move to different sites with the Live feature until the cells or 231 
tissue is located. Manually focus on the sample or use the Autofocus. Use Snap to capture the 232 
image. 233 
 234 
NOTE: To aid in locating the sample at a high magnification, use the Plate Acquisition and Control 235 
dialog box to adjust the Step size anywhere from 5 to 100 μm to find the sample if Autofocus 236 
cannot. 237 
 238 
6.4. Under the W1 DAPI tab, click Auto Expose. Ensure the Plate Acquisition Snap – DAPI image 239 
is crisp. 240 
 241 
6.5. Under the main menu, click on Journal to reveal the pull-down. Select Run Journal…. 242 
 243 
6.6. Double-click on the Slide Region Acquisition Setup journal to launch it. When the Setup Slide 244 
Region Acquisition dialog box appears, select Continue. 245 
 246 
6.7. When instructed, properly select the DAPI Scan to select the low-magnification slide image. 247 
Press OK. Similarly, highlight the Plate Acquisition Snap – DAPI when asked for the plate 248 
acquisition snap. Click on OK. 249 
 250 
6.8. When the Create or Load Regions box appears, use the Rectangular Region tool to select (a) 251 
region(s) of interest on the DAPI Scan (Figure 6). Press Continue. 252 
 253 
NOTE: The maximum area that can be selected at 40X is 45 columns by 35 rows. If multiple 254 
regions of interest are selected, the regions will be resized to the box with the greatest area. The 255 
boxes can be repositioned after the resizing. 256 
 257 
6.9. Select No under the Load Regions dialog box. 258 
 259 
NOTE: Selecting Yes loads previously saved regions for batches of slides with the same region of 260 
interest locations. 261 
 262 
6.10. Using the Locator tool, highlight the largest region of interest and press Continue under the 263 
Select Region dialog box. When the Confirm regions box appears, select Continue. Decide 264 



whether the region needs to be saved when the Save Regions dialog box appears. 265 
 266 
6.11. The next dialog box, Site Spacing, allows the user to choose Tiled, which results in an image 267 
with no overlap, or 10% overlap. Choose an option and click OK. The authors chose Tiled. 268 
 269 
6.12. Three dialog boxes will appear now. The Setup Complete box can be dismissed by pressing 270 
Continue. Keep the Acquisition Site Setup for 40X box (Figure 7A) open for now since it makes 271 
clear how many columns and rows need to be entered into the Plate Acquisition Setup box 272 
(Figure 7B). Keep the WellPositions box (Figure 7C) that appears in the bottom left-hand corner 273 
open for the duration of the imaging. 274 
 275 
6.13. In the Plate Acquisition Setup box, under Wells to Visit, the same number of wells as 276 
regions of interest previously selected must be highlighted (Figure 7D). 277 
 278 
NOTE: The authors developed this protocol for a maximum of nine regions of interest per slide. 279 
If there are more, simply increase the number of columns or rows in the Plate – SlideScanning 280 
tab to reflect the number of regions of interest. These wells do not spatially represent the 281 
location of the regions of interest in any way, but the appropriate number must be highlighted 282 
(left-click). 283 
 284 
6.14. In the Plate Acquisition Setup box, go to the Sites to Visit tab. Enter the suggested columns 285 
and rows (Figure 7B). Remember to click on Tile sites. 286 
 287 
6.15. To eliminate the guesswork of finding the sites containing the sample, press Acquire Plate 288 
under the Summary tab to position the stage at the pre-selected region of interest. Once the 289 
camera pans over a site containing cells, press Cancel at the bottom right-hand corner to stop 290 
the image acquisition. Ensure the stage is now located over the sample. 291 
 292 
6.16. Optimize the wavelength settings to ensure that a focused and a high dynamic range image 293 
is obtained. When satisfied, click on the Summary tab and Acquire Plate. 294 
 295 
7. Image analysis 296 
 297 
7.1. Select the desired custom module.  298 
 299 
NOTE: The authors chose the Multi-Wavelength Cell Scoring module to demonstrate an 300 
automated segmentation of the brain tumor slides. 301 
 302 
7.2. Run the analysis on all sites. If the analysis parameters are the same for many slides, the 303 
analysis can be included in the Plate Acquisition Setup box under the Post Acquisition tab. 304 
 305 
7.3. Once the analysis is finished, exclude any sites of poor image quality so as not to bias the 306 
results. Since the goal of this analysis is to quantify microglia and macrophages in the tumor 307 
parenchyma, select the region of interest within the tumor sample’s edges. Furthermore, exclude 308 



the sites that are out of focus and/or contain tissue folds or bubbles and tears in the tissue. For 309 
a demonstration, see the Representative Results. Alternatively, use the Laser focus score 310 
generated for each site depending on the amplitude of the laser reflection as a threshold below 311 
which sites are to be excluded (the threshold is customizable and depends on parameters such 312 
as the exposure time and the type of media used). 313 
 314 
NOTE: The high magnification images make it possible to specifically exclude structures, such as 315 
large blood vessels and areas of necrosis, if necessary. It is also possible to include only areas of 316 
interest, such as those that are hypercellular. This way, the specificity and accuracy of the 317 
analyses can be increased. 318 
 319 
REPRESENTATIVE RESULTS:  320 
The images can be viewed within the WHCAS software. Figure 8 shows the high magnification 321 
thumbnails of all sites within the defined region of interest. Review each site to identify the ones 322 
that should be excluded from the analysis (examples are shown at low and high magnification in 323 
Figure 8 and 9, respectively). For example, Site 149 is out of focus (Figure 9A), Site 219 has 324 
bubbles (Figure 9B), and Site 54 contains a fold (Figure 9C) and should be excluded. It is typical 325 
to exclude 10-15% of all sites imaged. In the example provided, 15.3% of the sites were excluded 326 
(25/300 had bubbles, 17/300 were out of focus, 3/300 were folded, and 1/300 was on the edge). 327 
Figure 10A is a representative image chosen for analysis (its corresponding low magnification 328 
thumbnail is shown in Figure 8). Here, the corresponding overlays generated by the Multi-329 
Wavelength Cell Scoring module demonstrate the results of the automated segmentation 330 
performed on Site 59, customized to the authors’ specifications (nuclei minimum width = 2.5 µm, 331 
maximum width = 7.5 µm, and intensity above local background = 35 graylevels; CD11b-positive 332 
cells’ minimum width = 4 µm, maximum width = 18 µm, minimum stained area = 15 µm2, and 333 
intensity above local background = 310 graylevels; and CD45-positive cells’ minimum width = 4 334 
µm, maximum width = 18 µm, minimum stained area = 15 µm2, and intensity above local 335 
background = 50 graylevels). Following the segmentation, the quantitative data of the proportion 336 
of cells staining positive for each marker (6.2 ± 5.1% and 3.8 ± 2.1% of CD11b+ and CD45+ cells, 337 
respectively), both markers (3.5 ± 2.1% CD11b+CD45+ cells), no markers (86.6±9.0% CD11b-CD45- 338 
cells; Figure 10B), mean stained area (40.0 ± 9.2 µm and 36.7±7.6 µm of CD11b+ and CD45+ cells, 339 
respectively; Figure 10C), and mean fluorescence intensity (408.9 ± 40.3 relative fluorescence 340 
units and 373.9 ± 38.1 relative fluorescence units of CD11b+ and CD45+ cells, respectively; Figure 341 
10D) can be obtained. 342 
 343 
FIGURE AND TABLE LEGENDS: 344 
Figure 1: Settings for slide acquisition at low magnification. A) This image displays the plate 345 
settings. B. Here, the plate bottom settings are displayed. 346 
 347 
Figure 2: Settings for slide acquisition at high magnification. This figure displays the selection of 348 
the appropriate journals. 349 
 350 
Figure 3: Demonstration of how to load slides using the slide adapter. A) The slide is placed 351 
coverslip down with the label on the side of the slide adapter notch. B) The slide adapter is loaded 352 



into the widefield high-content analysis system. 353 
 354 
Figure 4: Preview slide settings. A. This figure displays the parameters for the acquisition. B) 355 
Here, the values for the Hoescht/DAPI wavelength settings are displayed. C) This image shows 356 
the journal settings. 357 
 358 
Figure 5: Drawing a slide region. A) The rectangular region tool (other drawing tools cannot be 359 
used) is used to select the preview scan area and create regions of interest on the DAPI scan. B) 360 
The teal outline in this figure shows how the entire area of the slide (including the label) should 361 
be selected.  362 
 363 
Figure 6: Creating regions of interest on the preview scan. The preview or DAPI scan represents 364 
the entire slide area. In this example, there are three serial brain tissue sections (the solid white 365 
rectangular outlines). The area above these sections represents the circular labels on the slide. 366 
Different section arrangements will not limit the subsequent selection of regions of interest. The 367 
region of interest in this particular example is shown with a dashed white rectangular outline. 368 
The scalebar = 1 mm. 369 
 370 
Figure 7: Essential windows for high magnification image acquisition. A) The Acquisition Site 371 
Setup window will show how many columns and rows are within the region(s) of interest. B) 372 
Ensure the correct number of columns and rows indicated in Figure 7A are entered into the Plate 373 
Acquisition Setup box and the sites are tiled. C) It is necessary to keep the WellPositions window 374 
open for the duration of the image acquisition even though it is blank. D) The appropriate number 375 
of regions of interest must be highlighted. 376 
 377 
Figure 8: Representative image of the region of interest. Each site can be displayed in a 378 
composite thumbnail of the region of interest. The representative sites that have been excluded 379 
(marked with red boxes) and an example of an included site (marked with a green box) is shown 380 
at a higher magnification. It is recommended to review each site to ensure it is of sufficient quality 381 
for the analysis. The scalebar = 1 mm. 382 
 383 
Figure 9: Examples of sites that should be excluded from analysis. A) The human brain tumor 384 
sections have been stained with CD11b (green) and CD45 (red), markers of microglia and 385 
macrophages. This image is out of focus and has been excluded from the analysis. B) Bubbles are 386 
present in this image which has been excluded from the final analysis. C) This site was excluded 387 
from the analysis because of the fold in the tissue. The scale bars are 20 μm. 388 
 389 
Figure 10: Representative images and analysis. A) Each image is displayed next to the overlays 390 
representing the results of the automated segmentation. In the overlay, nuclei are displayed in 391 
white and positively stained cells are shown in green for CD11b and red for CD45. After excluding 392 
the sites of inadequate quality from the analysis and combining the results of all the remaining 393 
sites, B) the average proportions of the total number of cells in each site that stained positive for 394 
each marker and co-labeled for both markers, C) the average stained area, and D) the average 395 
cell intensity are graphically represented. RFU = relative fluorescence units. The data are 396 



expressed as mean ± standard deviation. The scale bars are 20 μm. 397 
 398 
DISCUSSION: 399 
A common problem still impeding the efficiency of biological science research is the development 400 
of protocols for the unbiased, accurate, and precise quantification of fluorescently-labeled 401 
tissues and their structures within. Significant amounts of time and effort are directed towards 402 
finding ways to analyze tissue slides once they have been imaged. Many existing methods provide 403 
algorithms for users to recreate within programs12,13,14. These methods are acceptable, but the 404 
significance of this report is that it enables the user to easily and quickly establish a holistic image 405 
acquisition and analysis protocol if the user has access to a WHCAS. Assays that differentiate cell 406 
types and quantify multiple structures and processes, cell cycle analysis, and nuclear 407 
translocation, for example, are already available in the associated software. 408 
 409 
The setup involves a few critical steps. Firstly, the spatial parameters of the slide are defined as 410 
if it were a plate. Secondly, a low magnification overview scan is created from which regions of 411 
interest are selected for high magnification imaging. Lastly, sites that affect the accuracy and 412 
precision of subsequent analyses are excluded. The biggest limitation of this technique is that its 413 
applicability depends on if the user has access to a WHCAS. However, with the increasing need 414 
for high-content analysis systems, many institutions are providing these to their researchers to 415 
remain competitive15. Troubleshooting is needed most commonly when tissue sections do not 416 
have the same thickness. If multiple regions of interest are selected, some will be in focus while 417 
others will not. Ideally, during sectioning, the user would take care to create homogeneous 418 
samples. However, if the samples are inconsistent, the focus on the nuclear stain wavelength (or 419 
the user’s brightest fluorophore), which is used to focus, can be readjusted for each out-of-focus 420 
region of interest and even for each field of view. As the other wavelengths are simply offset 421 
from the nuclear stain wavelength, only this wavelength needs readjustment. 422 
 423 
In this report, we detail how to scan and analyze slides using a WHCAS and associated software. 424 
The Multi-Wavelength Cell Scoring module allows the user to automatically count any nuclear or 425 
cytoplasmic markers that are fluorescently labeled. After adjusting the focus settings and 426 
defining the cellular characteristics such as width and area to customize the module to the tissue 427 
imaged, there is no further need for user intervention to obtain the imaged slides and 428 
quantitative data. Up to three slides can be imaged at a time and multiple regions of interest can 429 
be defined. This protocol lets WHCAS users who need to analyze slides take advantage of 430 
customizable, multipurpose, automated workflows that require little to no optimization and can 431 
be applied in any projects in the future that involve the histological analysis of tissue. 432 
 433 
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