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Supplementary figure 1: Influence of fixation time on protein identification. 
a: Lung squamous cell carcinoma (SCC) slice with routine immunohistochemical (IHC) staining (representative 
result) for cytokeratin (KRT) 5/6 (left) and KRT7 (right). Cytokeratin 5/6 only present in the tumor cells is stained 
dark brown. The black scale bar at the bottom left depicts 0.2 mm. 
b: Lung adenocarcinoma (ADC) with routine IHC staining (representative result) for KRT5/6 (negative, left) and 
KRT7 (positive, right). KRT7 which is only expressed in the secretory tumor cells is stained dark brown. The black 
scale bar depicts 0.2 mm. 
c:  Identified proteins in 30 FFPE lung cancer tissues that were fixed either 24h or 72h, the black bar is showing the 
mean of the group (mean peptides after 24h = 28,173, mean peptides after 72h = 29,709, two-sided t-test p 
value = 0.15). Source data are provided as a Source Data file. 
d: Volcano plot depicting the label-free comparison of FFPE samples fixed in formalin for 24h or 72h. Significantly 
regulated proteins (two-sided moderated t-test, Benjamini-Hochberg-adjusted p<0.05, i.e. 5% FDR) are shown in 
orange and their gene names are annotated. Source data are provided as a Source Data file. 
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e: Identified peptides with demethylation, formylation, methionine oxidation or an added methylol group in 30 FFPE 
lung cancer tissues depending on fixation time, the black bar is showing the mean of the group (mean modified 
peptides 24h vs 72h: demethylation: 5,343 vs 5,711, two sided t-test p-value 0.64,  formylation: 1,523 vs 1,526, two 
sided t-test p-value = 0.97, M oxidation: 7.864 vs 8,501, two sided t-test p-value = 0.09, methylol group: 955 vs 
1,039, two sided t-test p-value = 0.14). Source data are provided as a Source Data file. 
 

 
Supplementary figure 2: Label-free proteome analysis allows us to distinguish abundant ADC- and SCC-
specific marker proteins in a reduced sample set. 
a: Label-free comparison of 16 ADC and 14 SCC FFPE samples with a two-sided moderated t-test. Significantly 
regulated proteins (Benjamini-Hochberg-adjusted p<0.05, i.e. 5% FDR) are shown in orange and NSCLC-relevant 
marker proteins are annotated. Proteins that fall outside of a 95% prediction interval in the scatterplot comparing 
ADC and SCC replicates (Supplementary Fig. 3B/3C) are shown with an asterisk symbol. Source data are 
provided as a Source Data file. 
b: Label-free comparison of a subset of 5 ADC and 5 SCC FFPE samples that were later on used for TMT 
experiments with a two-sided moderated t-test. Significantly regulated proteins (Benjamini-Hochberg-adjusted 
p<0.05, i.e. 5% FDR) are shown in orange and NSCLC-relevant marker proteins are annotated. Proteins that fall 
outside of a 95% prediction interval in the scatterplot comparing ADC and SCC replicates (Supplementary Fig. 
3B/3C) are shown with an asterisk symbol. Source data are provided as a Source Data file. 
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Supplementary figure 3: Small contribution of the match-between-runs (MBR) algorithm in MaxQuant to 
the number of quantified proteins in the LFQ experiment. 
a: Histogram showing the LFQ intensity distribution of all proteins (blue), those identified from MS/MS spectra 
(orange) and only identified with the MBR algorithm (magenta). 
b: Comparison of LFQ intensities in two ADC replicates for all quantified proteins (left), only significantly regulated 
proteins (middle) and for NSCLC-relevant marker proteins (right). Proteins identified by MS/MS spectra shown in 
yellow, proteins identified via MBR algorithm in blue. The Pearson correlation coefficient for the technical replicate 
pairs is 0.996 (p<0.01) and the average Pearson correlation coefficient across ADC samples is 0.888. The 
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comparison of the intensity of all proteins includes 95% prediction intervals in light grey. Source data are provided 
as a Source Data file. 
c: Comparison of LFQ intensities in two SCC replicates for all quantified proteins (left), only significantly regulated 
proteins (middle) and for NSCLC-relevant marker proteins (right).  Proteins identified by MS/MS spectra shown in 
yellow, proteins identified via MBR algorithm in blue. The Pearson correlation coefficient for the technical replicate 
pairs is 0.994 (p<0.01) and the average Pearson correlation coefficient across SCC samples is 0.917. The 
comparison of the intensity of all proteins includes 95% prediction intervals in light grey. Source data are provided 
as a Source Data file. 
 
  
 
 

 
Supplementary figure 4: Prolonged lysis at 95°C is beneficial for FFPE proteome and to some extend FFPE 
phosphoproteome coverage.  
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a: HEK cells that were either frozen directly after harvesting, formalin-fixed immediately on the plate before 
harvesting or first incubated for 1h at 4°C, then formalin-fixed and harvested were lysed and aliquots were incubated 
at 95°C for either 10 min, 30 min, 60 min or 120 min before SP3 clean-up.  
b: Identified peptides in the three types of samples after 10 min, 30 min, 60 min, and 120 min of lysis at 95°C. The 
black bar shows the mean of the group (n = 4 biological replicates). Source data are provided as a Source Data 
file. 
c: Identified phosphopeptides in fresh-frozen, immediately fixed cells and cells fixed after 1h over the four time 
points. 100 µg peptide from each sample had been enriched for phosphopeptides with automated IMAC. The black 
bar shows the mean of the group (n = 4 biological replicates). Source data are provided as a Source Data file. 



 
Supp. Fig. 5: Strong correlation of the proteomes and phosphoproteomes of fresh-frozen and formalin-
fixed HEK293 cells.  
a: Correlation of TMT reporter ion protein intensities for fresh-frozen and formalin-fixed HEK293 cells shown in a 
correlation matrix with pearson correlation coefficients of 0.96-1 (p< 0.01). Strong correlations are shown in dark 
blue.  
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b: Correlation matrix showing the pearson correlation coefficients (0.7-0.97, p<0.01) of the TMT reporter ion 
intensities on the phosphoproteome level for fresh-frozen and formalin-fixed HEK293 cells. Strong correlations 
are shown in dark blue.  
 

 
Supplementary figure 6: TMT equal loading experiments reveal ADC- and SCC-specific proteins that were 
found to be differential by proteome, phosphoproteome profiling, or both.  
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a: Comparison between log2 fold change ratios of ADC/SCC for global proteome and phosphoproteome in equal 
loading TMT. Intersecting vertical and horizontal lines at log2 fold change -0.5 and 0.5 show which genes are only 
changed on a global or phosphoproteome level. Proteins (X-axis) and phosphosites (Y-axis) that directly lie on the 
axis were only detected in one data type. NSCLC-relevant proteins are highlighted. Source data are provided as a 
Source Data file. 
b: GO molecular function analysis of proteins only regulated on a phosphoproteome level and not on global 
proteome level for equal loading TMT.  
 

 
Supplementary figure 7: Coverage and hallmarks of cancer pathways observed for microscaled TMT 
experiments. 
a: Log10 reporter ion intensity distribution over all proteins that were quantified in microscaled TMT experiments. 
Lung cancer-relevant gene names are indicated. 
b: Heatmap showing the 7 hallmarks of cancer gene sets that were significantly upregulated when comparing the 
results of a ssGSEA hallmarks of cancer analysis between ADC and SCC. High enrichment scores are shown in 
yellow, low enrichment scores in dark blue. 
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Supplementary figure 8: Variability between equal loading TMT and microscaled TMT. 
a: Venn diagrams depicting the overlap between two replicate TMT plexes in equal loading TMT on proteome 
level (top) and phosphoproteome level (bottom). *marks proteins/phosphosites identified but not quantified in 
either plex (5 proteins and 124 phosphosites). 
b: Venn diagrams depicting the overlap between two replicate TMT plexes in microscaled TMT on proteome level 
(top) and phosphoproteome level (bottom). *marks proteins/phosphosites identified but not quantified in either 
plex (0 proteins and 1512 phosphosites). 
c: Frequency distribution of phosphopeptides and all other peptides over the hydrophobicity index 1 for equal 
loading TMT and microscaled TMT. Source data are provided as a Source Data file. 
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d: Frequency distribution of phosphopeptides only quantified in equal loading TMT (blue) and microscaled TMT 
(magenta) over the hydrophobicity index1. Source data are provided as a Source Data file. 
 
 

 
Supplementary figure 9: PI3K-Akt signaling pathway coverage in microscaled TMT experiments. 

Supplementary Fig. 9
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a: PI3K-Akt signaling pathway coverage on microscaled TMT experiments on a global proteome (magenta) and 
phosphoproteome (orange) level. 
b: PI3K-Akt signaling pathway coverage on a phosphoproteome level by equal loading TMT (magenta) and 
microscaled TMT (orange) experiments. 
 
 

 
Supplementary figure 10: Signaling pathway coverage on a phosphopeptide level in equal loading and 
microscaled TMT experiments. 

Supplementary Fig. 10
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a: Non-Small cell lung cancer pathway coverage on phosphoproteome level in equal loading TMT (magenta) and 
microscaled TMT (orange). 
b: RAS signaling pathway coverage on phosphoproteome level in equal loading TMT (magenta) and microscaled 
TMT (orange). 
 

 
Supplementary figure 11: Identification and quantification in microscaled TMT over multiple replicate 
plexes. 
a: Barplot showing the number of quantified TMT channels per tumor sample on the proteome level. Source data 
are provided as a Source Data file. 
b: Pearson correlation matrices of mean protein reporter ion intensities per plex for ADC (top) and SCC (bottom). 
Strong correlations are shown in dark blue. 
c: Barplot showing the number of quantified TMT channels per tumor sample on the phosphoproteome level. Source 
data are provided as a Source Data file. 
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d: Pearson correlation matrices of mean phosphosite reporter ion intensities per plex for ADC (top) and SCC 
(bottom). Strong correlations are shown in dark blue. 
 
 

 
Supplementary figure 12: Increased phosphoproteome coverage for FFPE samples with multiplexed TMT: 
a: Identified peptides and phosphopeptides in label-free, single-shot analyses of FFPE biopsies and FFPE 
resected tissue samples. Source data are provided as a Source Data file. 
b: Summary of protein yields, proteome, and phosphoproteome coverage for different pathology sample types 
and LFQ and TMT proteomics methods. Protein yield for biopsy samples was calculated from samples of 3x10µm 
slices and only unique proteins and no isoforms were counted for quantified proteins in TMT11 experiment. 
Protein yield and LFQ ID numbers are shown as averages +/- standard deviation, for TMT quantification numbers 
the overlap between two replicate plexes is shown. Hematoxylin and eosin staining in the first column of the table 
show the actual sizes of examples of resected tissue and needle biopsy FFPE samples with a 5 mm bar for scale. 
Source data are provided as a Source Data file. 
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Supplementary figure 13: No increased influence of blood proteins observed in FFPE needle biopsies 
compared to small amounts of resected tissue. 
The log 10 intensity distribution of blood proteins (from Chambers et al., 20132) in microscaled TMT is shown in 
blue and in TMT biopsies in magenta. Source data are provided as a Source Data file. 
 
 
 
Supplementary Table 1: Number of ADC and SCC cases per 24h or 72h fixation 

time used for LFQ and TMT experiments. Numbers for microscaled TMT listed in 

brackets. 

Cancer type Fixation time n for LFQ experiment n for TMT experiments 

ADC 24h 10 3 (2) 

ADC 72h 6 2 (2) 

SCC 24h 8 3 (3) 

SCC 72h 6 2 (1) 

 

Supplementary Table 2: NSCLC-relevant marker proteins and the experiment in 

which they were quantified 

Protein  UniProt ID Quantified by Link to NSCLC 
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NFE2L2 
(NRF2) 

Q16236 —- NRF2 is a transcription 
factor involved in oxidative 
stress response 3 

KEAP1 Q14145 TMT equal, TMT micro, 
TMT biopsy 

Mutations have been shown 
in lung ADC 4, inactivating 
mutations of KEAP1 are 
thought to be related to 
chemotherapy resistance 3 

CUL3 Q13618 LFQ, TMT equal, TMT 
micro 

E3 ubiquitin ligase, 
mutations have been shown 
in lung SCC 5 

NQO1 P15559 TMT equal, TMT micro A marker for NRF2 
activation 6 

GSK3B P49841 TMT equal, TMT micro Member of PI3K signaling 
pathway and mediator of 
NRF2 degradation 6 

CDKN1A 
(p21) 

P38936 TMT equal Involved in KEAP1-
independent, p53 regulated 
NRF2 activation 6,7 

SQSTM1 
(p62) 

Q13501 TMT equal, TMT micro Involved in KEAP1-
independent NRF2 
activation 6 

DSG3 P32926 TMT equal, TMT micro DSG3 was shown to be 
highly expressed in lung 
SCC compared to ADC 8 



SOX2 P48431 TMT equal, TMT micro SOX2 is overexpressed in 
lung SCC and drives 
proliferation 9 

TP63 Q9H3D4 TMT equal Immunohistochemistry 
(IHC) marker SCC 

KRT5 P13647 TMT equal, TMT micro, 
TMT biopsy 

IHC marker SCC 

KRT6 P02538/P0
4259 

TMT equal, TMT micro, 
TMT biopsy 

IHC marker SCC 

NKX2-1 
(TTF1) 

P43699 TMT equal, TMT micro, 
TMT biopsy 

IHC marker ADC 

KRT7 P08729 TMT equal, TMT micro, 
TMT biopsy 

IHC marker ADC 

NAPSA O96009 TMT equal, TMT micro, 
TMT biopsy 

IHC marker ADC 

SFTPA1 Q8IWL2 TMT equal, TMT biopsy IHC marker lung 
EPCAM P16422 TMT equal, TMT micro, 

TMT biopsy 
IHC marker epithelial cells 

EGFR P00533 TMT equal, TMT micro, 
TMT biopsy 

EGFR is a commonly 
mutated driver oncogene in 
lung ADC 4 

SMARCA2 P51531 TMT equal, TMT micro, 
TMT biopsy 

High expression in lung 
cancer is associated with 
good prognosis 10  

AKT2 P31751 TMT equal, TMT micro, 
TMT biopsy 

Member of the PI3K 
signaling pathway, 
overexpression has been 
shown in both ADC and 
SCC 11  



CEACAM5 P06731 TMT equal, TMT micro, 
TMT biopsy 

Drives proliferation, 
overexpressed in NSCLC 12 

MTOR P42345 TMT equal, TMT micro, 
TMT biopsy 

A serine-threonine kinase 
that induces proliferation 
and a member of the PI3K 
signaling pathway 11  

KRAS P01116 TMT equal, TMT micro, 
TMT biopsy 

Member of RTK/RAS 
pathway, which is often 
altered in NSCLC 13 

AKT1 Q96B36 TMT equal, TMT micro, 
TMT biopsy 

Member of the PI3K 
signaling pathway, 
sometimes mutated in lung 
ADC 4 

ERBB2 P04626 TMT equal, TMT micro, 
TMT biopsy 

ERBB2 is driving lung ADC 
and is a target for receptor 
tyrosine kinase inhibitor 
therapy 4 

ARAF P10398 TMT equal, TMT micro, 
TMT biopsy 

Member of RTK/RAS 
pathway, which is often 
altered in NSCLC 13  



PTEN P60484 TMT equal, TMT micro, 
TMT biopsy 

Tumor suppressor, inhibits 
PI3K signaling pathway 11 

MAP2K1 
(MEK1) 

Q02750 TMT equal, TMT micro, 
TMT biopsy 

Member of the RTK/RAS 
pathway, was shown to be 
mutated in some lung ADC 
cases 4,13 

MET P08581 TMT equal, TMT micro, 
TMT biopsy 

MET amplification was 
shown as a driver event in 
ADC 4 

BRAF P15056 TMT equal, TMT biopsy Mutations in the oncogene 
BRAF are commonly found 
in ADC 4  

TP53 P04637 TMT equal Mutations in tumor 
suppressor gene TP53 are 
common in lung ADC 4  
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