Characterization of the 3D microanatomy of the pancreas and pancreatic cancer

in situ at single cell resolution
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Development of pancreatic
cancer from precursor lesions
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Deep learning labels eight distinct
tissue types using H&E stain

A B SN RA X2 e . Acinus

Connective tissue

R ——— , = | AdenoCarcinoma Islets
Healthy I?anIN-lA Panl[\l-lBA PanIN-2 ‘Pa‘nIN—3 ) Fat
Telomere ~ CDKN2A ~ TP53, SMAD4, BRCA2 (PDAC) Ductal epithelium
shortening, KRAS
¥ e d i 2 PaniIN
Pancreatic Intraepithelial Neoplasia (PaniIN) S co TR Whitespace
 Mucinous, elongated epithelium within pancreatic ducts 5 5 f
Aot ooy to PDAC 1. Annotate tissue images from block
Pancreatic Ductal AdenoCarcinoma (PDAC)
* Typically diagnosed at distant stage : :
8},;'0 y glasht o 5 e 50 annotations of each class per image
. o 5-year survival rate o . .
15,000 pixels of each class per image used

3D reconstruction of serially
sectioned human pancreas

Number of images
TC 001 TC 003 TC 085

Non-annotated WSIs 101 242 1260
tissue acquisition quantifiable 3D tissue . Annotated (Training) 3 4 5
¥ visualization *, Annotated (Validation) 1 1 1
o~ WW | f A ° Annotated (Testing) 1 1 1
2. Train and semantic segmentation
network
serial
sectioning,
staining, & -
digitization single cell 2 Stochastic gradient descent on
SRl = training data until classification of
nonlinear image » data stops improving
registration - 2
(@lignment) tissue identification

manual annotation or
deep learning

Test classification accuracy

classification Bl ol
Ductal Epithelium 99.50%
Sample Input Output Blood vessel 92.40%
95x95x3 5 calculated Fat 96.00%
- - - . Gaussian tissue type of ~ Adnus 98.80%
Reg|5trat|0n allgns Images sampled image g center pixel Connective Tisse 96.90%
PanIN 85.40%
into digital volume
Input: stack of 101 sliced H&E stained images each 4um thick 3' CIaSS’fy non-annOtated ’mages ’n bIOCk

1. Global (course) registration: corrects whole tissue misalignment in angle and position

2. Local (fine) registration: corrects tissue stretching & folding by registering areas of interest W A
Output: registered images and 3D PanIN model cinus
Computational time: 25 minutes Connective tissue
CN N Islets
|mage N ﬁ Fat
(reference) B Ductal epithelium
B PanIN
Whitespace
.I ([ I I (] @ @
image N+1 4. Build tissue volume from classified images
(moving)
Resize to 50x Calculate radon Find 6 which Find x,y which best Diameter: 2.4cm
fewer pixels and transform for best aligns aligns Gaussian -
apply Gaussian angles [0,359] transforms and images and apply
filter degrees apply to image to image N+1 =
£
Skipping z-slices allows for more complex studies S
=
Register all images Skip 1 image in registration Skip 3 images in registration Skip 5 images in registration c
15 15 il)
[} | | N _
Aligned, - 3 1
Annotated
image stack g N A |
0402\\/0/4 o ]40.2\'\;‘»«;’{ 0.4 04 08
‘ 4um =2 16 pum \\@g between sections
- log(correlation) vs distance
3D model . 5.
of PanIN £

0 0.05 0.1 0.15 0.2 0.25
mm

Z-projections convey

2x2x1cm
volume shown

Longitudinal view 20 L

(1)

(2)
(3)
(4)

JOHNS HOPKINS

WHITING SCHOOL
of ENGINEERING

3D microanatomy of the

cancerous pancreas
3D heterogeneity
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