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MASS CYTOMETRY

CyTOF data analysis

Normalization with calibration beads
Preprocessing (data transformation; pre-gating)

Batch effect removal

!

Cell subtypes identification (dimensionality reduction, clustering)

Mass cytometry data can contain millions of cells and dozens of markers.
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MATERIALS

Data

» 7 samples of healthy patients of bronchoalveolar Batch number Number of cells

lavage cells (BALC) from studies on drug-resistant Batch 1 761,230
tuberculosis, Batch 2 598,492
* Bronchoscopies were performed in the bronchoscopy Batch 3 205,958
’;hea’;reA]icn Tygerberg Hospital (TBH) from Cape Town, Batch 4 329 228
out rica
’ Batch 5 41,007
 Samples were normalized with MATLAB Normalizer areh 341,00
v0.3 software, Batch 6 1,449,084
» Samples were filtered during manual gating to discard Batch 7 460,713
debris, dead cells, beads or doublets from the analysis. Total 4,145,712
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Extracellular Antibodies

Intracellular Antibodies

Antibody Target Isotope Label Cell Types Represented by Ab Lineage Marker | Antibody Target Isotope Label
CD3 Er170 T-cells INF-y Gd158

M A T E R I A L S cD14" Eu151 Monocytes/macrophages, granulocytes IL-17 A, MNd148
CD172 Lu175 Dendritic cells, monocytes/macrophages IL-4 Nd142

IVI a r ke rS u S e d cD19 Ho165 B-cells, dendritic cells IL-10 Er166
CD33* Tm169 greaﬁ'?:gﬁ:f monocytes/macrophages, IL-18 Yb176
CD45 Y89 Leukocytes IL-& Smi47
CD326 Pr141 Epithelial cells INOS Yb171
covb Naws Lol Books dendilocsts Nl | p oy
CD4 Nd145 CD4 T-cells TGF-g Dy163
cD36" Gd155 Dendritic cells, monocytes/macrophages IDO-1 Gd160
CD56 Sm149 NK cells, T-cells S100A8 Yb173

Extra Cellular Intra CE”U |ar Cav-1 Nd146 Ubiguitous expression TNF-a Sm1i52
Lox-1 Gd156 B-cells, dendritic cells, macrophages, MDSC Mtb (PPD)* Eu153
1 9 mar ke I'S 1 3 mar ke I'S CD15 Yb172 Monocytes/macrophages, granulocytes
CD206 Er168 Alveolar macrophages
! ! HLA-DR ¥b174 Leukocytes
Phenotype features Functional features oD 1e" Tb159 aranakscytes, monocyles/macrophages.

oyier Tk Bl denrccoe
CD47 Bi209 Ubiquitous expression

Total number of markers: 32

* indicates antibodies within the designed panel which did not produce any staining signal throughout optimization, and were thus
presumed to be ineffective in staining the desired epitopes.
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MASS CYTOMETRY

Batch effect

Batch effect — technical variance introduced to the data during experimenting and it makes
it difficult to reveal the biological variance.

Methods that require technical replicates:

* (CytofBatchAdjust (R. P. Schuyler et al., Frontiers in Immunology, 2019, pp. 2367),
 CytoNorm (S. Van Gassen et al., Cytometry Part A, 2020, vol. 97(3), pp. 268-278),
* CytofRUV (M. Trussart et al., bioRxiv, 2020).

Methods that do not require technical replicates:
* iIMUBAC (M. Ogishi et al., The Journal of Immunology, 2021, vol. 206(1), pp. 206-213),
 cyCombine (C. B. Pedersen et al., bioRxiv, 2021).
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MASS CYTOMETRY

Batch effect

Questions:

 Which batch effect removal method to choose?

* Which method is the best for our data?

* How to evaluate which method is the best?

* How do these methods affect the results of cell subtypes identification?
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METHODS

Pipeline

Sample size Batch effect . Statistical
e Clustering .
unification removal comparison
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METHODS

Batch effect removal N cells = 2,005,958

IMUBAC cyCombine

o _ _ 5 N a Batch correction module
High-dimensional Batch correction Batch-specific Batch-specific Per baich, per marker
cytometry with Harmony classifier training cell-type prediction il 438 6658 o Clustering Batch correction
e o Azt e 01217 2 Standardization of cells in each SOM node
_ ' ' ' _ Colni |6 0 2 4 4 1 4 7= x;;u = o _Rgven to Condition as co-factor
& = @ © Cell 12 g 2 S S E ': (23 T ot | L% i original values
O Batch2 |ca22 /8 1 3 1 2 8 0| —P OR e et | N\ e/ >
8 i ' i i 2120 46 7 2 . /N P
Batch 3 ._ 72z16800 Ranking R
P P celn3 2 1 4 8 3 0 7

Al
= o'o'o 1 b Panel merging module
"% '.'.' Clustering on Calculating kde on
m ' ' overlapping markers non-overlapping proteins

| AP | SRIRERRRLV/ mputationusing 0 43 %8t !
Healthy local ctrls - T e casa |6 0 2 4 4 s | A probability draws |t L i e s
Travel/family ctrls e e s O ‘ iscoErs o ol P — B > TETOETS
Patients AR gatch 2 I s (S D B SRIEERERE
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Ogishi, M., Yang, R., Gruber, C., Zhang, P.,, Pelham, S. J., Spaan, A. N,, ..., Casano-va,
J. L.: Multibatch cytometry data integration for optimal immunophenotyping. The Pedersen, C. B., Dam, S. H., Barnkob, M. B., Leipold, M. D., Purroy, N., Rassenti, L. Z.,
Journal of Immunology, 206(1), 206-213 (2021). ..., Olsen, L. R.: Robust integration of single-cell cytometry datasets. bioRxiv. (2021).
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METHODS

Clustering

A PARC Performance Comparison F1-Score: PARC vs. other methods (%) 0 75
1: Mosmann rare . . - { -
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Stassen, S. V., Siu, D. M., Lee, K. C., Ho, J. W,, So, H. K., Tsia, K. K.: PARC: ultra-fast and accurate clustering of phenotypic data of millions of single cells. Bioinformatics, 36(9), 2778-2786 (2020).
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METHODS

Statistical comparison

For the pairwise comparison of marker’s expression between clusters an effect size was calculated:

p mA — mB mA — mB mA — mB N 2
ps SSwithin L within N. N
N —k *NpS*VNPS \‘N_k 4 B
\

The pairwise comparison resulted in a set of dAB effect size values for each marker and the median
value was calculated as the global effect size.
The effect sizes were then compared with the Wilcoxon signed-rank test to check if the heterogeneity

of markers between the clusters after correction is greater than before correction at a 5% significance
level.

_ _ _ _ Jacob Cohen: Statistical Power Analysis for the Behavioral Sciences, Routledge, 1988
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METHODS
A B | m=0.25

mISO plots ] Yy

UMAP2
UMAP2

We introduce median isoline plot
(mISO) that can be superimposed
on UMAP plots.

8 10 12 14 16 18 -2 0 2 4 6 8 10
UMAP, UMAP,

m=0.75

It is based on isolines that determine
the density of the points.

UMAP2
UMAP2

m — a parameter that defines the
density level above which the data will
be displayed.

8 10 12 14 16 18 -2 0 2 4 6 8 10
UMAP1 UMAP1
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IMUBAC - uncorrected IMUBAC - corrected

RESULTS A g -
IMUBAC -
5 ot Samples
s = (batches)
A
o ) 0
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cyCombine - uncorrected _ cyCombine - corrected

RESULTS A B —
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cyCombine L
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/ﬂ\ 0.175
RESULTS 0.150

0.125

IMUBAC vs cyCombine '

0.075

Dendrogram showing similar clusters (color- 0.050 —— '
coded) between the two correction .

methods; 000 |--| [ ] 1 m H r I|_|A|:I|:|T'I | H

cC iM iM cC iM cC iM iM cC iM cCiMiMcCiMcCiMcC iMiMiMcCiMcCiMcCcCiMcCcCiMcCiM iM cC iM cC iM
PARC cluster

B " - C.

iM - cluster created after iIMUBAC correction;
cC — cluster created after cyCombine
correction.

The clusters that are most similar according
to the dendrogram share the same color.
Clusters that do not have a similar pair from
the other experiment are presented in grey. ,
# clusters = 22 ERy
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RESULTS

IMUBAC vs cyCombine

Median effect size dAB
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Median effect sizes from post-hoc ANOVA test before and after batch correction.



Summary

* There are several batch effect removal methods for mass cytometry data.
 Two of the methods were compared.
* Both methods decrease the batch effect.

* The homogeneity of cell clusters after cyCombine correction has increased
significantly.

* The results indicate the outperformance of cyCombine over iMUBAC
for our dataset.
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CONTACT

Faculty of Automatic Control, Electronics

and Computer Science
Department of Data Science and Engineering

Thank you
for your attention

) Phone
+48 32 400 30 86

M E-mail
Aleksandra.Suwalska@polsl.pl
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