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Protocol status: Working
We use this protocol and it's working
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Protocol Integer ID: 109286

Keywords: qupath immunofluorescence sequential slice analysis, ihc markers from sequential tissue slice, qupath for the
quantification, ihc marker, if markers in the liver, qupath, sequential tissue slice, ihc, liver architecture, application of the warpy
extension tool, warpy extension this protocol, if marker, warpy extension, warpy extension tool, immunofluorescence

Abstract

This protocol is an application of the Warpy Extension tool to Qupath for the quantification of IF and IHC markers
from sequential tissue slices. This protocol builds upon prior work outlining how to quantify singular and co-
localizing IHC and IE markers in the liver, in addition to performing this analysis in the context of liver architecture.

Materials

QuPath v0.4.3
QuPath Extension Warpy v0.3.1

protocols.io | https://dx.doi.org/10.17504/protocols.io.e6nvw13n2lmk/v1 November 21, 2024 2/8



https://dx.doi.org/10.17504/protocols.io.bs6gnhbw
http://dx.doi.org/10.17504/protocols.io.e6nvwdmnwlmk/v1
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.e6nvw13n2lmk/v1

€3} protocols.io Partof SPRINGERNATURE

Warpy Download and Installation

1

Download the open-source Warpy image alignment software from
https://github.com/BIOP/qupath-extension-warpy.

Note: To avoid incompatible features, download the Warpy version that is specific to the
version of QuPath previously downloaded. In this protocol, QuPath v0.4.3 and QuPath
Extension Warpy v0.3.1 were used.

Unzip the full Warpy installation package to a local folder.
Tip: Unzip files to the same local folder as Qupath to avoid plugin issues.

Drag and drop the .jar file titled "qupath-extension-warpy-version number.jar" to the
QuPath window, or click on File: Open, then select the .jar file to add the Warpy
extension to Qupath.

Note: It should show up on the Extensions tab on QuPath.

& QuPath File Edit Tools View Objects TMA Measure Automate Analyze Classify M,: Help
Qu Installed extensions

> @ 00|l Z||l& |V 2N S S @ | 1 0% BI|IN||38 ImageJ >
Warpy > |

Projectl Image | Annotations | Hierarchy | Workflow
Create project Open project

Image list

QuPath Extensions tab showing the successful installation of the Warpy plugin.

Brightness and Contrast Adjustment

4

Click on File: Project to start a project.

Note: A project must be created in order for multiple images to be imported.

Tip: Prepare an empty folder with an appropriate folder name prior to starting the
project.

Import the sequential slices to be analyzed by clicking on File: Open.

Note: Both slices should be stained with a nuclei stain (e.g. DAPI), as it would be used as
the main point of reference and alignment.

Tip: Obtaining an H&E scan of the slices would also help in the image alignment
process, as key tissue architectural features can be used as a reference for alignment.
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Select View: Brightness/Contrast and select the desired channels for visualization (e.g.
DAPI, AF647, AF555)

Note: Double click on any channel to change its name and color.

Tip: Select complementary colors (e.g. red and green, purple and yellow) for the
different channels, as they would be the easiest to distinguish.

® © Brightness & contrast

Color Selected
B DAPI (C1)
B HNF4A (C3)
H DAPI 2 (C4)
M VCAM1 (C5) v
CD32 (C6)

Table containing the different markers and stain colors selected for this experiment.

Adjust the brightness and contrast of the image by changing the min and max display
values using the slider.

Note: To ensure easier visualization in future steps, ensure that the brightness of the
first slice matches that of the second slice, individual markers can be adjusted to be
hyper-saturated if it helps with the image alignment process.

Tip: Refer to marker-specific IHC experiments (e.g. from The Human Protein Atlas) to
help visualize expected stain localization and intensity.

Image Alignment

8

Select and open one of the image files of the sequential slices from the image list, then
click on Analyze: Interactive image combiner warpy.

Note: The image currently opened and selected will be the top slice on the overlay.

Tip: Ensure that the image to be used is opened in the viewer. To do this, double click on
the image located in the Image List.
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Classify Extensions Hel|

Preprocessing
Tiles & superpixels
Cell detection
Calculate features
Spatial 2

Y vV Vv

QuPath Analyze tab showing the Interactive image combiner warpy menu option.

9 Click on Choose images from project on the pop up window and select the second slice.

sce imane Lombineriviaimy(expermenta)
Interactive alignment
Adjust translation by clicking & dragging on the image with the 'Shift' key down
Rotation increme... | 1 Rotate Left Rotate Ri... | Interpolation Mode:
Image & overlays
Scale increment: 1 Scale D... || Scale Up | NearestNeigh... .0
Auto-align

€95 3 CK7 CIT 1-500 HNF4A

. C95(3) CD32-647 VCAM-555 *

Choose images from project

Opacity O

Auto-alignment may work better if the images have been coarsely aligned interactively

Reqistration type Affine transform v
Alignment type Image intensity A

Pixel size 20

Estimate transform
¥ Warpy Info
Image ID: | 2 Warpy file: | -

Transform

Current affine transform being displayed

1.00000, 0.00000, 0.00000,
0.00000, 1.00000, 0.00000

Update | Invert Reset | Copy Create

Image Combiner Warpy pop up window showing its different elements.

10 Align the second slice to the first by adjusting its size, rotation and translation using the

interactive alignment menu.

= Move slices by holding down the shift key and dragging on the image.

= Rotate the image by clicking Rotate Left or Rotate Right.

= Scale the image by clicking Scale Down or Scale Up.

Tip: Adjust the opacity and zoom in closer to notable tissue architecture to aid in image

alignment.
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Adjust translation by clicking & dragging on the image with the 'Shift k

Rotation incr... | 1 Rota... | Rotat.. ] Interpolation Mode
Image & overlays. foniner; [Rotat. | merpota

Scale increm... | 1 Scal... || Scale.. | NearestNe.. ~

C95CD36-5 || Auto-align

Auto-alignment may work better if the images have been coarsely alig

Registr... | Affine transform &
C95(3) CD3:
Alignm... | Image intensity ~
Pixel size | 20
Estimate transform
v Warpy Info
Image ID: | 1 Warpy file: | —
Transform
Choose images from pr. Current affine transform being displayed
Op. 099756, -0.06976,  1198.72052

0.06976, 099756, -991.86438

Update | Invert Reset

Copy Create

nt

by clicking & dragging on the image with the 'Shift k.

Rota, Rotat... | Interpolation Mode:
Image & overlays

Scaleincrem... | 1 Scal Scale... | NearestNe.. ~

C95CD36-5 | Auto-align

Auto-alignment may work better if the images have been coarsely alig...

Registr... | Affine transform >
C95(3) CD3:
Alignme.... | Image intensity <
Pixelsize | 20
Estimate transform
v Warpy Info
Image ID: | 1 Warpy file: | -
Transform
Choose images from pr. Current affine transform being displayed
Op. 0.99756, 0.06976, -1017.90252,

-0.06976, 0.99756, 89.15590

Update | Invert | Reset | Copy | Create

Image alignment viewer showing the aligned sequential slices overlain.

11  Onceimage alignment is completed, click Create. A new image file with the full list of
markers should be created and can be opened from the Image List.
Note: There will be two copies of the nuclei marker (e.g. DAPI) on the list of channels,
turn off one of the channels to allow for easier visualization.
Tip: Rename and readjust the brightness of each stain once image alignment is
complete.

protocols.io | https://dx.doi.org/10.17504/protocols.io.e6nvw13n2lmk/v1 November 21, 2024 6/8



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.e6nvw13n2lmk/v1

€3} protocols.io Partof SPRINGERNATURE

0 QuPath - C95(3) CD32-647 VCAM-555 1-100 ON TE9.czi_Overlay
Sl Ol 2l V]2 )N s @) 28x (& | [N 138 @

Project | Image | Annotations | Hierarchy | Workflow

Create project Open project Add images Color Selected
: C95(3) CD32-647 VCAM-555 1-100 ON TE9.czi-DAPI (C1) v
Image list
. n M C95(3) CD32-647 VCAM-555 1-100 ON TE9.czi-AF568 (C2) v
arpy Trial Protocol/project.qpproj (3)
C95(3) CD32-647 VCAM-555 1-100 ON TE9.czi-AF647 (C3) v
§ C95CD36-555 C1QC-647 .czi W C95 CD36-555 C1QC-647 .czi-DAPI (C4) %
M C95 CD36-555 C1QC-647 .czi-AF568 (C5) v
H €95(3) CD32-647 VCAM-555 1-100 ON TE9.czi B C95 CD36-555 C1QC-647 .czi-AF647 (C6) ®
‘ C95(3) CD32-647 VCAM-555 1-100 ON TE9.czi_Overlay
Show grayscale Invert background |V/| Keep settings
Min display 63.1
Max display 10451.7
Gamma 1
Auto Reset
0.063
0
0 31,902
Pixel value

QuPath window showing the new overlain image on the image list and the different
markers listed on the Brightness & contrast window.

Cell Detection and Co-localization

12 For any downstream quantification, including positive cell detection and marker-specific
co-localization, please refer to QuPath Immunofluorescence Cell Detection and Co-

localization Protocol.

VCAM1 and CK7 and HNF4A Combined

Example visualization of a hepatic portal vein using 4 different markers (VCAM1, CD32,
CK7, and HNF4A) on a healthy liver tissue sample.
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VCAM1

CK7

HNF4A

Example visualization of a hepatic portal vein using 4 different markers (VCAM1, CD32,
CK7, and HNF4A) on a healthy liver tissue sample, demonstrating the potential of viewing
different combinations of markers.
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