A novel cross-normalization method for MALDI TOF imaging data of FFPE
tissue for enhanced comparability and biomarker discovery
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IMS Data: Kriegsmann et.al. Mol Cell Proteomics.
2016 Oct;15(10):3081-3089. Epub 2016 Jul 29.

Imaging

Typical examples of technical variation in MALDI TOF imaging data

IMS data acquired from 8 TMAs of FFPE lung cancer biopsies (adeno- and squamous
cell carcinoma). Sample preparation included antigen retrieval and trypsin digestion.

Despite constant acquisition conditions, mean spectra of TMAs L1 — L8 show strong
Intensity shifts varying across m/z range (middle row), which TIC normalization is not
able to completely eliminate (bottom row).

Smaller mass and intensity shifts also occur within individual measurements when
comparing spectra from different measurement regions.

All data acquired on Autoflex Speed (Bruker)

Summary
« MALDI TOF imaging of FFPE tissue samples
has numerous applications in proteomics,
biomarker discovery, and tissue typing

» Applications hampered by signal distortions and
technical variation: mass inaccuracies, intensity
variation, noise

normalization, MALDI
nigh intra- and inter-

» Despite preprocessing anc
TOF imaging suffers from
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laboratory variability and low reproducibility

 New cross-normalization approach reduces
mass shifts and intensity variations, improving
comparability of data from different acquisitions
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Intensity and mass shift cross-normalization

Intensity cross-normalization:

1. Intensity profiles Q are computed for
each spectrum:
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* m/z range is divided into K intervals

Q

* F, is the cumulative intensity
distribution for the k-th m/z interval

* Q Is differential logarithm of quantile
function F* for all m/z intervals

2. Average of all intensity profiles is used
as reference profile

3. Intensities in each spectrum are
transformed to match reference profile

Peptide mass rule:
m=>0Q+o)my, o = 4.95e™*

Peptide scale mass defect:
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Typical intensity distribution of a
spectrum, showing a strong

A = frac
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Mass shift cross-normalization:
1. Mass shift profiles R are computed for
each spectrum S:
ot 27
R:UI S(t)e dt) o=
= 1.0005 Da ‘ k=1..K +

* Fourier integrals (complex valued) of
spectrum S over m/z intervals I,

* Integrals are equivalent to circular
moments of peptide mass defect A

2. Average of all mass shift profiles is used
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Intensity
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Intensity profile normalization (IPN, bottom row)

as reference profile

3. Mass axes for each spectrum are
transformed to match reference profile
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reduces intensity shifts between measurements

m/z

TIC

Mass shift normalization align
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S spectra relative to each other
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Evaluation results

Reproducibility experiment: Classification performance (intra-lab scenario):

« Homogenous FFPE liver tissue * Collection of 8 TMAs (326 patients, 168 adeno-, 158 squamous cell Ca., see above)

10 serial sections, mounted on 5 slides - g‘ ' s » Simple classification scheme: 50 ROC selected m/z intervals, LDA model

* 5 measurements on consecutive days, Baiviinl e o e gl » Cross-validation: Train on one TMA, test on all separately, performance by AUC
identical conditions e { o | AT | §52 s AUC (med) 1 AUC (xnrm) AUC Gain (xnrm-med)
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* Three breast and three ovary cancer tissue samples results in AUC gain
« Measured at two sites (HB and TR), two replicates each (E05, E09) of up to 20%
&
— AUC (med) 1 AUC (xnrm) AUC Gain (xnrm-med)
' | ]
EO5 HB
1832 1834 1836 1o 1
- EOS5 TR 0.8 .
,i"’q 10.05
= E09_HB 0.7
: N o
> E09_TR | | 0.05
0.5

852 854 856 1464

| |J , Universitat Bremen

EO5 HB EO5 TR E09 HB E09 TR
Training

1466 1468 1832 1834 1836 1838

EO5_HB EO05 TR E09_HB EO09 TR
Training

EO5 HB EO5 TR E09 HB E09 TR
Training

This work has been partly funded by the German Federal Ministry of Education and Research

o.ﬁ..

00 s%

i
o"b‘-.
X

s

SCILS

Center for
Industrial Mathematics

under the “KMU Innovativ” programme, contract number 13GWO0081

.|||||| I,
PROTEOPATH

SPONSORED BY THE

Federal Ministry
of Education
and Research

R



