Welcome and opening remarks.
History and future of the Banff
Classification, Where the present
lesion scoring criteria came
from, and the continued need
for ease of use and time
efficiency. - Kim Solez, M.D.,

ANFF FOUNDATION
FOR ALLOGRAFT PATHOLOGY
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The accreditation process was challenging.
We almost gave up! But we succeeded with
the help of student Patricia  Bacus.

There is an analogy between challenges of
accreditation and challenges of tissue
engineering pathology and incorporating
the human cell atlas project. We will
succeed there as well!

2o A Please complete evaluation form!
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1 ¢ Global Observatory on
Donation & Transplantation ‘(’)vn%l:?\i'zi:ggg

Global Activity in Organ Transplantation

G Sreanian

GODT 2014 2014 Estimates

Kidney | Liver | Heart Lung Pancreas Small bowel
79948 | 26151 | 6542 4689 2328 215

= 119,873 solid organs reported to be transplanted in 2014
= 1,81 % of increase over 2013

< 10% of global needs

41.6% of living kidney transplants and 19.8% of living liver
transplants

Information of 107 Member States on organ transplantation activities is included in the GODT:

93 of 2014, 6 of 2013, 2 of 2012, 3 of 2011 and 3 of 2010. —
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Regeneranvevieaicine Aeacy/yerere!
Workingiféo T Uhbulail ©Organs,Bladidefder,
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} Tissue engineered bladder.




Song et al. Interstitium, vessels, and glomeruli with missing cells.
Disordered tubule formation with multiple interconnecting
lumina of differing sizes In bloenlneered rat kidney.

Day 3 H&E




Song et al. In addition to missing cells and disordered structures,
you have cells in the wrong places. Podocytes in the interstitium.
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SomethingdMissing tnlthelGobhceptaft of
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The Human Cell Atlas - Aviv Regev

Single cell genomics makes this possible

May 2012: 18 cells —— July 2014: ~100,000 cells



Aviv Reeygve HuimamCell Atlas Béginss
to Answer T hisis3AGDMaIm Celldypesres
im HumanrBooyly 6 20 imKidaeyy

What is a cell atlas?

3. LOCATION 1. TYPE

o=

4. TRANSITIONS

2. STATE

5. LINEAGE

Current knowledge partial, decades and centuries old




Aviv Reeygve HuimamCell Atlas Béginss
to Answer T hisis3AGDMaIm Celldypesres
im HumanrBooyy 6 1000550 Subtypeses

The Human Cell Atlas Project

Large

» Adult human: ~2X10" cells
(excluding red blood cells)

» 300 ‘major’ cell types

+ ....but, ~100 sub-sub-types just
of retinal neurons

Photoreceptors (3)
- — Horizontal cells (1)
L2 EY PR Fu Bipolar cells (12)

Amacrine cells (50) |

RGCs (30)

... but finite
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Minimal number of cell Captured of each type

(@>95% confidence)

150M neurons in retina,
~40K required for survey

Retinal bipolar cell (BC): 12 sub types, rarest @5%
Retinal amacrine cell (AC): 50 subtypes, rarest @1%
Retinal Ganglial cell (RGC): 30 subtypes, rarest @1%



Aviv Reeygve HuimamCell Atlas Béginss
to Answer T his Niimbers Questianion:
Analysississinexpenrsivé/anchicasShst

The Human Cell Atlas Project

How? A unified project

Pilot project in complementary
systems (e.g., blood, gut, liver)

Consortium with expert
communities

Standard, controlled process
Shared analytical tools

Drive costs to ~$0.15/cell*

Why? Standardized and impactful

Managed: Only standard
process ensures we are not
deceived by noise

Scale: Drive cost down
Technology advancing: Novel

sample prep, cell isolation,
analytical tools

Resources for entire community

Commensurate with clinic




Aviv Reeygve HuimamCell Atlas Baginss
to Answer T his Niimbers Queéstianion:

Analysisissinexpensivé/anchicashst,
5000 celis persecand) 2,2 céntsfcall.cell.

Emerging capabilities bring scale and resolution

37.0-.—
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Scale Measuremen t
5,000 cells/sec; DNA, RNA, Registry to 2D, 3D

¢2.8/cell prep epigenome, protein




Aviv Reeygve HuumamCall Atlas s
Alreadiylleadingda DiSéasesinsighitshts
Variants; Atting o hinene = Pathelogyogy

Already rapidly leading to new insights
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‘Early responder’ Muscle cell
immune ce iIs differentiation

Pathogenic T cells CSC spectrum
in MS model in glioma




Aviv Reeygve HumamCeall Atlas s
Alreadiylleadingda DiSéasesinsighitshts
Variants; Atting o hene mPathelogyogy

Cells: a key intermediate from genotype to phenotype

Genotype Cell Phenotype
Lr o e
Genetic variant / L 513 ';‘ > @
(common , rare, cancer)\\ ¢¢_ S
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Knowing our cells is essential for functional dissection of genetic variants




Khouloud Saliba and | Presented Tissue
Engineering Pathology at TERMIS Meeting in
San Diego Dec. 11-14, 2016.
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1 Decellularized Renal Matrix and Regenerative
Medicine of the Kidney: A Different Point of
View Petrosyan Astgik, € and Perin Laura. Tissue
Engineering Part B: Reviews. May 2016, 22(3): 183-
192.

} A Step Towards Clinical Application
of Acellular Matrix: A Clue from Macrophage
Polarization. Petrosyan A, &€ Perin L. Matrix Biol. 2016
Aug 26. pii: S0945-053X(16)30133-0.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Petrosyan A[Author]&cauthor=true&cauthor_uid=27575985
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perin L[Author]&cauthor=true&cauthor_uid=27575985
https://www.ncbi.nlm.nih.gov/pubmed/?term=acellular+matrix:+A+clue+from+macrophage+polarization++Petrosyan

Petrosyam ¢  PPre) VariablessWill Necessitater e
Al Approachestadew\BanffiClassificationion!
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Response of immune system
macrophage activity Proteomics




Originally we had mule deer poking
their heads into the meeting rooms,
Now we have complex data requiring
Al but outcome should be very good
for patients. We've come a long way!
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Al im Fathiologyy FilomWatet€atmersars
to Punveyors0bf the: H—“nthWmeé |

FOLIA HISTOCHEMICA
ET CYTOBIOLOGICA
Vol. 47, No. 3. 2009

pp. 355-361

Al (artificial intelligence) in histopathology — from image
analysis to automated diagnosis

Klaus Kayserl, Jiirgen Gortler2, Milica Bogovacl, Aleksandar Bogovacl,
Torsten Goldmann3, Ekkehard Vollmer3, Gian Kayser4

IUICC-TPCC, Institute of Pathology. Charite, Berlin, Germany
2DeepComputing, IBM., Antwerpen, Belgium

3Department of Pathology, Research Center Borstel, Borstel, Germany
“Institute of Pathology. University Freiburg, Freiburg, Germany

N T hneplementation of a complete connected Al
supported system is in its childhood. Application of
Al in digital tissue T based diagnosis will allow the
pathologists to work as supervisors and no longer
as primary "waterc a r r i eaccsirate usd willgjive
them the time needed to concentratlng on difficult

for the benefit of their



Al im Fathiologyy FilomWatet€atmersars
to Punveyors0bHf the FinestiWihed!
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e 18. ing s a ular sci i
copy (AIM) and terrestrial and satellite communication.

} Understanding Disease: A centenary
celebration of the Pathological Society of
Great Britain and Ireland, 2006, Chap. 18
Pathology 2026: The Future of Laboratory
Medicine and Academic Pathology JJ. OO L e
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Solez, Merel |-Marogerr, and Sraer
Medicine: 58:362 - 376, 1979.
Morphology of "acute tubular
necrosis” in man: Analysis of 57
renal biopsies and comparison with
the glycerol model. ' My most cited
paper before coming to Edmonton.




Solez, Maret|--Marogerr, and Sraer
Medlmnee 58:362 - 376, 1979

Of the 12 | esions assessed
biopsies 10 persisted after functional recovery.

Only 2 lesions correlated with function, were

present when renal failure was present and absent

after recovery: 1)Thinning of PAS positive brush

border, & 2) shedding of individual tubular

epithelial cells leaving bare basement membrane.

2. Lesions which persisted after recovery of function
included tubular dilation, regeneration, mitoses,
casts, interstitial edema, inflammation, nucleated
cell s I n vasa recta, dil ati
tubularizaton of Bowmanos capsul e
Juxtaglomerular apparatus hyperplasia. The latter
wo were more prominent in recovery biopsies.



Solez, Maret|--Marogerr, and Sraer
Medicine: 58:362 - 376, 1979

1. The two lesions which correlated with function,
1)Thinning or absence of PAS positive brush
border, & 2) shedding of individual tubular
epithelial cells leaving bare basement membrane,
can be shown experimentally to occur within 5 -15
minutes of reflow after an ischemic insult. They
are as quickly reactive as molecular changes.
Venkatachalam etal. Kidney Int. 1978; 14.31 J49.

2. Lumping all acute tubular injury lesions together
guarantees that histology assessment will appear
to be inferior to molecular assessment, since the
mayjority of ATl lesions persist after functional
recovery. Only studies which separately assess the
two lesions which correlate functionally are valld.
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