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| Motivation

* People react differently to exposure to disease

(and treatment)

* Differences In the Immune system can be responsible

* Analyze differences on cellular level
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I Mass Cytometry |

» Recent development in cell analysis
(Commercially available since 2014)

» Cells stained with heavy metals
* Analysis with mass spectrometer

* Allows much higher precision than
clinical standard (Flow Cytometry)
~40 features vs ~12 features
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I Mass Cytometry |l

* ~40 markers // 10.000 immune-system-wide proteins
» Cohort studies <¢ Millions of Cells

* More markers lead to o Tm  yp

Nd Sm b Dy

* More depth pr Eu
< |dentification of unknown cell types

* More breadth
< Exploration of multiple lineages
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I Immune System Analysis

pool of cells cell expression labeled cells Immune signature

Type

Cell 1 CDh4+t
Cell 1 51 4 2 ..

>

Cell 2 Myeloid
Cell 2 1 44 2 ..

>
s e identify cell type Cell 3 cos+t analyze I.
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sample 1 >
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Immune System

pool of cells
sample 1 >
sample 2 >
sample 3 >
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Analysis

cell expression

Expression
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Immune System

Analysis

Phenotype Specification
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I Tasks

- Define groups of similar cells Group Points Name Groups |
produce produce
* Label groups based on ” | ) ” )
| | derive annotate
expression profile . ) . )
INnput Input
high-dimensional > clustered
\ data points ) / \ data points )
output | output
clustered annotated
\ data points ) \ clusters )

[1] Brehmer and Munzner, A multi-level typology of abstract visualization tasks. TVCG, 2013
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I 2D Scatterplot Gating

» Select 2 markers A B

Marker A
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I 2D Scatterplot Gating

» Select 2 markers At B~

» Select (gate) a range of 2 markers

- E.g. high/low

kX
L
®

Marker A

38es%

Marker B
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I 2D Scatterplot Gating

» Select 2 markers AYB™C D

» Select (gate) a range of 2 markers

- E.g. high/low
* Chose different markers with selection
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Marker B Marker D
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I 2D Scatterplot Gating

* Select 2 markers AYB-CYDYE F

» Select (gate) a range of 2 markers

- E.g. high/low

* Chose different markers with selection
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I 2D Scatterplot Gating

* Select 2 markers AtB-CtDYE"F-
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I 2D Scatterplot Gating

» Select 2 markers At B-CYDYE"F-
b
- Select (gate) a range of 2 markers Cell Type X
- E.g. high/low

* Chose different markers with selection

< QO o [1]

= = o =

‘:‘. o‘..‘.
Marker B " Marker D " Marker F "
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I 2D Scatterplot Gating

» Select 2 markers A*B-C*DY*E"F-
b
- Select (gate) a range of 2 markers Cell Type X
- E.g. high/low
* Chose different markers with selection
* Large user bias s g .5 2
* 40 markers E 5 E
=, =, O =,
. . ‘: @) .0.3'
=240 combinations , ¢ , : ,
Marker B Marker D Marker F
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I 2D Scatterplot Gating
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I 2D Scatterplot Gating

» Select 2 markers AtB-CtDYE"F-
b
- Select (gate) a range of 2 markers Cell Type X
- E.g. high/low
* Chose different markers with selection
* Large user bias < | [ oo S .
F) “ ’.o 54) ’.“ F)
* 40 markers E ‘_ E :
:'{#& ® o.o PR
. : & ® o ©
~ 240 combinations X Ve X ° R
Marker R Marker D Marker F

EUFOVIS 201 6 (X — 1. HOllt // Cytosplore: Interactive Immune Cell Phenotyping for Large Single-Cell Datasets // 9




State of the Art |

Clustering-based Dimensionality-Reduction-based

HSC  mpp
Pro-B
Pre-B |

o7 . cD4od
CMP 872 Bk e Sl

E
N

Monoblast

Monocyte ; : .
Low expression High expression
2] Qiu et al., Extracting a Cellular Hierarchy from High-dimensional [4] Amir et al., viSNE enables visualization of high dimensional single-cell data
Cytometry Data with SPADE, Nature Biotechnology, 2011. and reveals phenotypic heterogeneity of leukemia, Nature Biotech. 2013.

Y2

"o e B 1) " | o
[3] Levine et al., Data-Driven Phenotypic Dissection of AML Reveals [5] Shekhar et al., Automatic classification of cellular expression
Progenitor-like Cells that Correlate with Prognosis (Phenograph), Cell 2015 by nonlinear stochastic embedding (ACCENSE), PNAS, 2014
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I State of the Art |l

Clustering-based Dimensionality-Reduction-based
+Fast +State of the art precision
+Handle large data +Access to single data points

- Less precise than tSNE - Slow

- Less control - Limited data size
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I Mass Cytometry

* ~40 markers // 10.000 immune-system-wide proteins
» Gohort studies <¢ Millions of Cells

* More markers lead to T-Lymphocytes Macrophage

- More depth
<~ |dentification of unknown cell types

- More breadth
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! Multi-Level Workflow

Interactive Feedback Loop

Subset Subset

Major Lineage

Delineation Exploration |dentification N S
EErTEEEEE . .
EE ENEN .
...... dHEEEEEN .
= - N
HE B
Input = - Phenotype
Data Subsets

Cell Classification
Based on Clusters

High Level Clustering
> Clusters & Layout

Single Cell Embedding
> Point & Density Vis

Mean Shift Clustering
> Subset Candidates
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L ..“.: y |
* Nodes represent clusters =3 - |
ideally cells of a single phenotype) ". o 4
* Size: number of cells - ':‘.: * / -
» Color: marker expression 0 0 e
* Links based on MST ' ' '
» 0‘ Y
. » .
~ ® .'. ® : ® marker
» o o:: .: :.: max I
“..:’b min I
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| A-tSNE

* tSNE! optimized to
* Preserve |local structure (clusters)

- Target 2D or 3D spaces

* A(pproximated)-tSNE!

* Reduces pre-processing time

6] v.d. Maaten & Hinton, Visualizing High-Dimensional Data Using t-SNE, Journal of Machine Learning Research, 2008
[7] Pezzotti et al., Approximated and User Steerable tSNE for Progressive Visual Analytics, TVCG, 2016
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Analyzing tSNE Embedding
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Analyzing tSNE Embedding
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I Analyzing tSNE Embedding
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I Analyzing tSNE Embedding
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I Interactive Mean Shift Clustering

» GPU-based
- Density estimation!®!
- Image-based Mean Shift segmentation

- Interactive rates
<100ms for hundreds of thousand data points

* On-the-fly visualization in heatmap

[8] Lampe and Hauser, Interactive visualization of streaming data with kernel density estimation. |IEEE Pacific Vis, 2011

EuroVis 2016 % Nl T. Hollt // Cytosplore: Interactive Immune Cell Phenotyping for Large Single-Cell Datasets // 19




I Interactive Mean Shift Clustering
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I Linked Heatmap
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I Study

* Prototype study shows effectiveness of workflow!®

* 3X speedup on small test case

Total Lineage Subset Subset

Delineation Computation Processing
Protoypel® 108 min 27 min 29 min 52 min
Qurs 39 min 13 min 11 min 15 min

[9] van Unen et al., Tissue- and disease-specific signatures of the human mucosal immune system identified by mass cytometry. Immunity, 2016
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I Conclusion

* We present a framework for phenotyping large single cell datasets
- Our multilevel workflow allows the analysis of larger data than before

- Our user study shows the advantages of our integrated workflow

* Next:

* Explore spetficially designed multi level analysis techniques

- Extend Cytosplore to support the immune signature analysis
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Settings
tSNE Analysis

b Active Markers
Time CD122
Event_length CCR7
Viability cD14
Ba138Di CD11c
CD103 CD161
Bead1 CD127 Bead4
CCR6 CD8b
CcD19 cD27
C-KIT IL-15Ra
CD11b CD45RA
CD4 CcD3
CD8a CcD28
CD7 CD38
CD34 NKp46
CD25 PD-1_Bead5
TCRab CD56
CD123_Bead?2 BCKG190Di
TCRgd DNA
IL-21R_Bead3 DNA
CD45 Pb206Di
CRTH2 sampleTag
Inverse Markers
> Advanced Parameters
v Parameters
Target Events % 24,00
Target Nodes 175

Compute Spade Tree
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