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Clinical MSI — Where’s The Challenge? i SciLs
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MALDI MSI Reproducibility

MALDI-TOF on FFPE tissue is a complex task!

e High sensitivity to process variations

e Differences between measurements
often larger than between tissue types |

e Data analysis and interpretation
affected by

Delocalization

Noise

Intensity /

sensitivity variations Here, focus on:
Mass distortions e MALDI-TOF

e Trypsin digested FFPE tissue
* Peptide signal features
* Mass distortions
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Chemical Noise — Peptide Mass Rule ¥ SCILS
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Idea: Use peptide background signal as an intrinsic reference Peptide mass rule:

e Chemical noise largely dominated by peptides m = (1+ &) my
e 5~ 4.95e-4
e Characteristic wavelength = 1+6 Da
. . Element | Nominal Mass
e Mass defect 6 factor determined by peptide mass rule massm,, | defect
H 1 0.0078
et ~ 1.0005 Da C 12 0.0000
er — N 14 0.0031
T | R 0 16 -0.0051
_; S 32 -0.0279
Typical mean spectrum °er -
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Variation in Mass Shift Profiles
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Mass Shift Profile and Mean Spectrum
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Effect of Mass Calibration
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Extreme Examples
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Reality Check
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Reality Check — Signal Range Limits
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Reality Check — Mass Shifts
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MALDI MSI data from human tissue samples Analyze signals from 8 ubiquitous proteins
* 40 datasets (19 TMAs, 21 single sections) (21 reference peptide peaks)
* Taken from breast, ovary, colon, lung, pancreas, liver, Actin, cytoplasmic 1 ACTB
lymph nodes, .. Serum albumin ALB
e Acquired on 3 sites Collagen alpha-1(l) chain COL1A1
(2 x Bruker Autoflex, 1 x Bruker Ultraflex) Hemoglobin subunit alpha HBA1
Hemoglobin subunit beta HBB
Histone H4 HIST1H4A
78 kDa glucose-regulated protein HSPAS
Vimentin VIM

Identify peak intensities and shifts in single Compare with mass shift profiles on mean

spectra by Gauss convolution within search spectra

interval

Source spectrum | # RN o PR
Gauss convolution

Intensity

1195 1196 1197 1198 1199 1200 1201 1202
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COL1A1 - 836.435
ACTB - 1198.705
COL1A1 - 886.433
ACTB - 976.452
HBA1 - 1529.736
HIST1H4A - 1325.755
COL1A1 - 1297.613
ALB - 875.495
HBB - 1274.729
HBB - 1314.668
ALB - 1511.844
VIM - 1494.713
VIM - 1428.719
HSPAS5 - 1566.777
HBB - 932.519
ACTB - 1171.573
ALB - 1639.932
ACTB - 1354.634
HBB - 1449.794
ALB -1019.588
HBB - 2228.175

Reality Check — Mass Shifts

Peptide peak intensities
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Peak accuracy vs. intensity
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 Serial sections of an ovary cancer

* Experiments performed within two weeks
under constant conditions

e Strong mass shift in one experiment
> 0.3 Da at 1500 m/z
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Real World Relevance: lon Images #¥SciLs
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Real World Relevance: Classification
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'\F';CE{LEC)L%L_AER 6C'E;\L|U CL? g ;-_‘;‘.K.i Classification model for lung adeno- vs.

"R :
. . " . - - squamous cell carcinoma
Reliable Entity Subtyping in Non-small Cell .
R . * 8 TMAs, 326 patients, 168 ADC, 158 SqCC
Lung Cancer by Matrix-assisted Laser
* MALDI-TOF, Autoflex Speed (Bruker)

Desorption/Ionization Imaging Mass
* LDA classification model based on 339 m/z

Spectrometry on Formalin-fixed Paraffin- values

. . *
embedded Tissue Spemmens S * Cross validation accuracy 99.1%

e Subset of discriminating markers identified,
including CK5, CK7, CK15, HSP27

Mark Kriegsmannt-9, Rita Casadonte§, Jorg Kriegsmann§8-1,

Hendrik Dienemannll, Peter Schirmacher#, Jan Hendrik Kobarg™*,

Kristina Schwamborntf, Albrecht Stenzingert:88, Arne Warth1-17 and
Wilko Weichert$:$+:88 |l

ze

Mol Cell Proteomics. 2016 Oct;15(10):3081-3089. Epub 2016 Jul 29. : o
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Real World Relevance: Classification SCiLS
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Real World Relevance: Classification
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8 SCILS

e Mini classification model on 5 peptides Peptide m/z
_ _ CK5 1410.700
e Train on one TMA, validate on another CK7 1406.600
— 8 models, 8 x 7 = 56 test combinations CK15_1 1821.840
. CK15_2 1877.850
* Twovariants HSP27 1905.940
— Variant A: Original m/z values, same on all TMAs
— Variant B: Per TMA mass shift adjusted m/z values
e Performance metric: Average sensitivity
e Compare performances in Variant Avs. B
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e Overall median performance Variant B: 77.6%
— Five m/z features, one TMA for training

e Variant B (mass shift adjusted) better in 7 of 8 training TMAs
— Statistically significant (p < 0.05) in 4 of 8 TMAs

Sensitivity difference (percent) p-value
TMA 1 o I . 1 ' | 0,0078
1
TMA 2 HC F--- 2 : 0,0078
1
TMA 3 Fe=--- {1 F--- 3 ! 0,1094
TMA 4 LT h 4 | | 0,0156
1
TMA 5 F----{ [T h 5 I 0,3438
1
TMA 6 n{ T F---d 6 : | 00156
1 ."
TMA 7 LT [ F------ 1 7] ; 0,5938 1 bse
| ]
TMA 8 P11 F--1 8 ! 0,1484 1 lee
. . 0 X
N 6 -4 2 0 2 4 6 10
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Mass shift profiles useful for

e detecting data anomalies
e comparing measurements

e leveling differences between datasets . e

All data is dirty!

Data is not information.
Information is not knowledge.
Knowledge is not wisdom.

Wisdom is not truth.

(Frank Zappa, Packard Goose, Joe‘s Garage)
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