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TITLE: Reconstruction of 3-Dimensional Histology Volume and its Application to Study Mouse Mammary Glands

Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _____No_____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____Yes_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___3.2 - 3.6.2___

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

The most difficult step of this protocol is the manual segmentation of the blockface images. We are currently working on the automatic segmentation of the blockface images.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

localization] through [insert method used to assay - e.g. immunofluorescence microscopy] (P5).
0. Conceptual Narrative:

a. The overall goal of the following video is to present an image registration approach for 3-dimensional histology volume reconstruction to study changes in mammary cellular macrostructure  (Intro).
b. (C1) To do this, mammary glands are excised from mice three days after the onset of lactation in wild-type and Insulin-like growth factor binding protein 7, --“Igfbp7”--null mice.   The glands are then processed, and embedded in paraffin blocks for sectioning.  
i. LAB MEDIA:  SchematicOverview.ppt Slide 2- Show mammary gland lift out of mouse and dissolve to paraffin block 
c. C2) Next, optical blockface images of the tissue blocks are captured and the tissue block is sectioned. 

i. LAB MEDIA: SchematicOverview.ppt Slide 3

d. C3) Images of the sections are captured and, using custom software, each section is aligned with its corresponding blockface image to reconstruct histology volume of the mammary gland.  
i. LAB MEDIA: SchematicOverview.ppt Slide 4 If it is possible - show stacks rotate to vertical position and dissolve into pink image

e. The resulting data highlight differences in size in mutant and wild type glands. (P4).

i. LAB MEDIA: SchematicOverview.ppt Show slide 6

1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Rushin] The main advantage of this technique over existing methods, like three-dimensional confocal, two-photon microscopy, is that it provides information over a much greater spatial extent. 

1.1.1. Interview style

1.2. [Wenyi]: This method can also be used to investigate and validate novel techniques and algorithms in volumetric medical imaging and therapies as well as creating 3D high-resolution atlases of different organs. (? Something is missing here?).
1.2.1. Interview style

1.3. [Rushin] This reconstructed histology volume portrays a reliable representation of the processed specimen with no propagated registration error.
1.3.1. Interview style

1.4.  [Stephanie]: We first had the idea for this method, when we noticed that Igfbp7-null mice have smaller litter sizes and are unable to sustain multiple large litters.  So, we decided to investigate the structure of their mammary glands.
1.4.1. Interview style

Protocol (read by voice talent at JoVE):

2. Specimen Fixation and Tissue Processing
2.1. After surgically excising the mammary glands from wild-type CDH1 as well as Igfbp7-null mice three days post onset of lactation, spread them onto glass slides to help regain native mammary gland morphology.
2.1.1. MED:  Talent begins spreading mammary glands onto glass slides
2.1.2. CU:  Talent spreads mammary glands onto glass slides
2.2. To fix the mammary glands, submerge the slide in a Coplin jar containing neutral buffered 4% PFA and incubate overnight at 4oC.

2.2.1. CU:  Talent submerges the slide in PFA

2.2.2. MED:  Talent places the jar in the fridge

2.3. The next day, transfer the specimens to small tissue processing cassettes for processing using an automated tissue processor.  (Text overlay:  if the glands will not be processed immediately, store in 70% ethanol, for up to a couple of months)

2.3.1. CU:  Talent transfers slides to small tissue processing cassette
2.4. Setup the processor to dehydrate the tissues in increasing ethanol and xylene baths  as follows:  70% ethanol for 45 minutes, 95% ethanol for 45 minutes two times, 100% ethanol for 1 hour two times, xylene for 45 minutes two times.

2.4.1. MEDOTS:   Talent instructs the processor to perform the experiment as described above

2.5. Once the processing is complete, use a vacuum with applied pressure to permeate the tissues with paraffin 3 times for 1 hour each.  Then, embed the tissues in paraffin to form blocks for sectioning. 
2.5.1. MED:  Talent removes cassette from automated tissue processor

2.5.2. CU:  Talent permeates the tissue with paraffin
2.5.3. CU:  Talent embeds the tissues in paraffin 

3. Histology and Blockface Imaging

3.1. Once the tissue is embedded in paraffin, use a rotary microtome to trim the block until the surface is completely vertical with respect to the microtome blade.
3.1.1. CU:  Talent puts pressure on the block to make sure paraffin is solid

3.1.2. MED:  Talent cuts paraffin with rotary microtome

3.1.3. CU:  Talent trims and then shows that the block is completely vertical

3.2. Next, using a vertical milling machine, drill 1mm holes in at least two corners of the paraffin block perpendicular to the cassette.  Mount the tissue block on the rotary microtome.  
3.2.1. CU:  Talent drills holes in the corners of the paraffin block perpendicular to the cassette
3.2.2. CU:  Talent mounts the tissue block on the microtome

3.3. Next, to set up the blockface imaging system in front of the microtome, place a camera with a telecentric lens at a slight angel from the surface of the tissue block.   The camera should be connected to a computer in front of the microtome.
3.3.1. MED (From above):  Talent places camera at angle from the front of the microtome,  computer should be seen in this shot
3.4. Then place a lightsource in front of the block such that the camera captures the reflection of the light from the block. Adjust the angle of the camera until the tissue at the surface of the block is easily distinguished from the surrounding paraffin. 
3.4.1. CU:  Talent places a lightsource in front of the block
3.4.2. SCREEN:  Talent makes adjustments so that the tissue can be distinguished from paraffin

3.5. Capture one optical blockface image. Then, using the microtome, cut ribbons of four sections, 5 μm thick. Transfer the ribbons to a cold waterbath.  
3.5.1. MEDOTS:   Talent captures an optical image of the block which shows up on the monitor on top of the microtome
3.5.2. CU:  Talent cuts ribbons  and transfers them to a cold water bath

3.6. Separate the sections of the ribbon.   Then, scoop the second and fourth sections from the cold water onto a slide. Transfer them to a warm waterbath (Text overlay: 48°C) to unwrinkle them. Choosing the second and fourth sections provides a 5 µm gap between sections.

3.6.1. CU:  Talent separates the sections of the ribbon and then scoops the second and fourth sections from the cold water bath onto a slide.

3.7. Once they are unwrinkled, re-mount the sections on the microscope slides by scooping as before. 
3.7.1. CU:  Talent scoops 

3.8. Note that cutting, mounting, and unwrinkling the sections can cause some distortions, such as tears, folds, shrinkage, and expansion. These artifacts complicate the registration of the histology sections.
3.8.1. Said by on-site talent to camera 

3.9. Stain the sections with H&E using an automatic stainer.  Then, coverslip the slides using an automatic coverslipper.
3.9.1. MED:  Talent loads a tray of slides into the automatic stainer. 
3.9.2. MED:  Talent uses an automatic coverslipper

3.10. Using a digital histology slide scanner, digitize the slides at the resolution of interest. For this protocol the magnification is 20x and the resolution is 0.47 μm. 
3.10.1. MEDOTS:  Talent puts slide into scanner and digitizes the slides- scanned images appear on the monitor

4. Image Registration 
4.1. [Rushin]  This section of the video gives an overview of the image registration process, using custom software, developed in our laboratory, combined with MATLAB and C++ using ITK.  (TEXT OVERLAY: Contact the corresponding author for information regarding specialized code.)  (Author please rewrite the above statement as needed)
4.1.1. Author sitting at the computer, says the above line.

4.2. Begin by down-sampling the histology images to the resolution of the block-face images. This will shrink the histology images by a factor of 0.026 (Text overlay:  0.47/18).

4.2.1. MEDOTS:  Talent writes computer code in C++

4.2.2. LAB MEDIA:  Software.pptx (3.13) (Editor, the authors have provided an animation in this slide to use in the video)
4.3. Next, for image segmentation and point selection, open a couple of blockface images in MATLAB and use the Data Cursor tool to measure the pixel values of the registration holes. Use the average pixel value as a fixed threshold to segment the registration holes.
4.3.1. SCREEN:  Talent opens blockface images in MATLAB and uses the data cursor tool to measure the pixel values of the registration holes

4.4. Then, determine the average pixel value as a fixed threshold to segment the registration holes in the corners of the paraffin block.

4.4.1. SCREEN:  Talent determines the average pixel value

4.5. To remove the extra segments, use circularity and the area of the segmented objects to keep the holes and remove the extra segments.   
4.5.1. SCREEN: Talent segments using fixed threshold
4.5.2. And/OR - LAB MEDIA:  Software.pptx (4.1, 4.2, 4.3)
4.6. The ratio for round objects is around 1. Keep the objects that have the circularity ratio of around 1, and discard the extra objects.  
4.6.1. SCREEN: Talent discards extra objects.

4.6.2. And/OR - LAB MEDIA:  Software.pptx (4.1, 4.2, 4.3)

4.7. Next, for each mammary gland, select one block-face image as reference. Align the centers of the registration holes of the rest of the blockface images to the centers of the registration holes of the reference image. Then, using the transformations obtained for registration holes, align the blockface images.
4.7.1. SCREEN:  Talent selects one block face image

4.7.2. And/or LAB MEDIA:  Software.pptx (4.4)
4.8. Align the centers of the registration holes of the rest of the blockface images to the centers of the registration holes of the reference image. Then, using the transformations obtained for registration holes, align the blockface images.

4.8.1. SCREEN:   Talent aligns the centers of the registration holes and aligns the blockface images

4.8.2. And/or LAB MEDIA:  Software.pptx  (4.4)
4.9. For the aligned blockface images, manually segment or extract the tissue from the background. 
4.9.1. SCREEN:  Talent manually segments
4.9.2. Or  LAB MEDIA:  Software.pptx (4.5)
4.10. For H&E sections, use the Otsu thresholding technique to segment images from the background and create binary masks of the histology images. 

4.10.1. SCREEN:  Talent uses the Otsu thresholding technique to segment the images

4.10.2. Or  LAB MEDIA:  Software.pptx (4.6)
4.11. Next, using the histogram of the labeled objects, identify and select the most sizable object in each mask. Extract the one pixel wide boundary points from both histology and blockface masks. 

4.11.1. SCREEN: 
 Talent identifies and selects the largest object in each mask

4.11.2. Or  LAB MEDIA:  Software.pptx (4.7)
4.12. Use a chain code algorithm to represent the boundary points by a sequence of piecewise linear fits. 

4.12.1. SCREEN:  Talent uses the chain code algorithm to represent the boundary points
4.13. Next, use a “Fourier Descriptors” algorithm to find the initial rigid transform between the boundary points of histology and their corresponding blockface images. This initial transformation includes the translation, rotation and scale factors. 

4.13.1. SCREEN: 

4.13.2. Or LAB MEDIA:  Software.pptx (4.9)  

4.14. Transform each histology image with the initial transform obtained from the previous step.
4.14.1. SCREEN:  Talent transforms each histology image 

4.15. To refine the rigid registration, remove the high curvature edge sections from the histology contour using a rolling ball filter.
4.15.1. SCREEN:  Talent uses ITK library and expands the code to remove high curvature edge sections from the histology contour
4.16. Next, using uniform distribution, randomly select 500 points from the remaining histology boundary points. Transform the histology random boundary points with the initial transformation obtained from Fourier descriptors.
4.16.1. SCREEN:  Talent selects 500 points from the remaining histology boundary points randomly using uniform distribution
4.16.2. SCREEN: Talent transforms the histology random boundary points with the initial transformation obtained from Fourier descriptors

4.17. Use the blockface boundary points and use Iterative Closest Points algorithm to find the rigid transformation between the blockface boundary points, and histology random boundary points. Then transform the histology images obtained from the previous step.
4.17.1. SCREEN:  Talent selects the whole set of blockface boundary
4.17.2. Added LAB MEDIA: Software.pptx (4.15)

4.18. Transform the aligned histology images obtained from the previous step to create a histology volume from the stack of aligned histology images.

4.18.1. SCREEN:  Talent transforms the aligned histology images to creat a histology volume 

4.18.2. And/OR LAB MEDIA: Software.pptx (4.15)

4.19. To create a visual image of the histology volume, in the 3D visualization software, MeVisLab, choose Modules, file, Miscellaneous, and add the Compose3dFrom2dFiles module. Then choose Image from the menu and add ImagePropertyConvert module. Finally add a View3D module from Modules, Visualization, 3D Viewers.
4.19.1. SCREEN:  Talent loads the histology images into MeVisLab and adds the Compose3dFrom2dFiles module shows how to add the three modules.
4.20. To adjust the voxel size, under Modules, select Image, then add the ImagePropertyConvert module from the menu. Then under Modules, Visualization, 3D Viewers, add a View3D module.
4.20.1. SCREEN:  Talent clicks on Modules, then Image, then adds the image property convert module from the menue.  Then under Modules\Visualization\3D Viewers, and a view3D module to view the volume in 3D
4.21. Double click on Compose3dFrom2dFiles to load the images and click on Create 3D. Adjust the voxel size by double-clicking on ImagePropertyConvert and set the voxel size as 0.018, 0.018, 0.01. View the volume by double-clicking on View3D. 
4.21.1. SCREEN:   Talent clicks on Compose3dFrom2dFiles and loads the images.  Then talent clicks on create 3-D and then clicks on imagepropertyconver to set the voxal size.   Talent then views the volume by double-clicking on View-3D
4.22. Finally, view the Stack of Images at 5x magnification by following the steps in the accompanying document.  
4.22.1. MED:  Talent seated at computer, 

4.22.2. LAB MEDIA: Software.pptx (5.1, 5.2, 5.3)

5. COMPARING RECONSTRUCTED MAMMARY TISSUE IN WT and IGFBP7-NULL MICE
5.1. To better characterize the deficiency of the Igfbp7-null mouse, 3D-reconstruction of mammary glands was performed as described herein.
5.1.1. LAB MEDIA: Figure3A and Figure3B: jove_figures_May282013.pdf
5.2. These figures show the reconstructed histology volumes of the wild-type and null mammary glands. 
5.2.1. LAB MEDIA: Figure3A and Figure3B: jove_figures_May282013.pdf
5.3. Note that the mutant gland, on the right, is shorter and narrower than the wild-type, on the left, but has about the same depth, with the wild-type gland at 1.06 mm, and the null at 1.02 mm deep.  
5.3.1. LAB MEDIA: Video_A.avi, Video_B.avi (Side by side)
5.4. Also notice that the wild-type glands, on the left, have little stromal tissue, indicated by the pink eosin staining, while the null-glands, on the right, appear to be predominantly stromal tissue. 
5.4.1. LAB MEDIA: Video_C.avi, Video_D.avi  (Side by side)
5.5. Here, the hematoxalin staining, which identifies the nucleated cells, shows that the null gland maintains its density, while the wild-type gland appears to contain primarily glandular structures. 
5.5.1. LAB MEDIA: Video_C.avi, Video_D.avi  (Continued from above)
5.6. To further investigate this, higher resolution images of the area of the lymph node were aligned.   Here, large structures, which would have been filled with milk are seen.  
5.6.1. LAB MEDIA: Video E

5.7. In contrast, the Igfbp7-null gland has few well-developed structures.  Moreover, these structures are crowded with fibroblast-like cells 
5.7.1. LAB MEDIA: Video F
6.  Conclusion (said by authors on camera)
6.1. [Stephanie]: After watching this video, you should have a good understanding of how to create a 3D reconstruction of an organ through rebuilding of scanned serial sections.
6.1.1. Interview style
6.2. [Wenyi] While attempting this procedure, it’s important to remember to consistently name the slides and scans, as there will be a large number of both and sequential organization is key to the success.
6.2.1. Interview style
6.3. [Rushin]: Following this procedure, other methods like immunohistochemistry for specific cell and disease markers can be performed in order to answer additional questions like: How does vasculature permeate a tumour?
6.3.1. Interview style
Provided Media

4-3_Screen.avi

4-9_Screen.avi

4-19_Screen.avi

4-21_Screen.avi

SoftwareUpdated.pptx

Schematic Overview_Updated

6.1, 6.2 - Figure3A: jove_figures_May282013.pdf – reconstructed histology volume of the 

        wild-type mammary gland
6.2, 6.2 - Figure3B: jove_figures_May282013.pdf - reconstructed histology volume of the Igfbp7-null
       mammary gland6.3 - Video_A.avi – reconstructed histology volume of the wild-type mammary gland
6.3 - Video_B.avi – reconstructed histology volume of the Igfbp7-null mammary gland
6.4, 6.5 - Video_C.avi - nucleated cells of wild-type mammary gland
6.4, 6.5 - Video_D.avi – nucleated cells of Igfbp7-null mammary gland
6.6 - Video_E.avi – wild-type at 5X
6.6 - Video_F.avi - Igfbp7-null at 5X
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

�This step is embedded in the code. I have shown the result as a snapshot.





( 2010, Journal of Visualized Experiments


