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TIQUAS (Targeted Quantification of Cell Signalling) is a phosphoproteomics based biomarker discovery platform. This label-free mass spectrometry 

approach  enables global quantification of phosphorylation sites from cells and tissue, and the identification of markers which can be further developed 

into diagnostic tests. 

OVERVIEW 

TIQUAS enables the global quantification of phosphorylation sites from both cell and primary tissue samples without the need for labeling or antibody 

isolation. Workflows include protease digestion, phosphopeptide enrichment, LC-MS/MS mass spectrometry and quantification using Activiomics 

proprietary PESCAL software. This allows thousands of phosphopeptides to be quantified per sample (see methods). Data interrogation through cross-

comparison of treated samples enables biomarker discovery and/or drug profiling. 

Here we describe two applications of TIQUAS; 1) Profiling of lead compounds for drug discovery, 2) Identification of disease associated markers from 

tissue samples. 
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METHODS 

RESULTS  

 1. PROFILING LEAD COMPOUNDS FOR DRUG DISCOVERY   2. DISCOVERY OF DISEASE-ASSOCIATED MARKERS FROM HUMAN FROZEN BREAST TISSUE 

p -Ser- 
Phosphopeptide 

Non-phosphorylated peptide 

Lysate generation 

Application 1 

MM1.S and NCIH929 myeloma cells were 

treated with PIM kinase inhibitor, G652 (Pan 

PIM inhibitor) and G568 (selective for  PIM 1, 

3)  for 1, 4, 16h and lysed at each time point  

Application 2 

Fresh frozen Human breast cancer tissues 

were ground over liquid nitrogen and lysed 

with standard urea buffer.  

Phosphopeptide enrichment 

 

Protease digestion 

Enrichment with Titanium dioxide (TiO2) beads 

(Ref 1, 2) 

Mass spectrometry and Label-Free Quantification 

LC-MS/MS (LTQ Orbitrap Velos coupled to EASY-nLC; ThermoScientific) 

Peptides were separated using C18-A2 EASY-column across 120 min gradient and 

analysed using a top 7HCD MSMS method 

Label-free quantitation (PESCAL, proprietary software) 

1. Generation of a phosphopeptide database: compilation MS/MS data   

2. Phosphopeptide quantitation: Peptides were quantified against the phosphopeptide 

database. Window for extracted ion chromotogram (XIC) construction was 7ppm for m/z, 

5 min retention time and coefficient of correlation > 0.95 between the observed and 

expected isotope distribution 

Bioinformatics 

Statistical analysis performed within the statistical 

environment R (V2.14.1) 

Mixed effect models were used to estimate treatment effects. 

Pairwise comparison test was applied to test drug effects. 

Log 2 fold change, p values and Bonferroni corrected p 

values, q values were reported 

Biological interpretation of the data was performed through 

the use of IPA (Ingenuity® Systems, www.ingenuity.com) 

 

TIQUAS is a powerful discovery platform with application in: 

 

Preclinical drug discovery: Profiling of lead compounds in order to understand mechanism of action and identify potential novel markers of drug action. 

Biomarker Discovery: Efficiently quantify thousands of phosphorylation sites from frozen tissue samples to detect differences between patient populations, threreby identifying candidate disease-

associated markers 
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Ki (pM) 

PIM isoforms 

          Inhibitors 

1 2 3 

G652 11 47 19 

G568 39 2090 187 

IC50 (µM) 

Cell lines 

         Inhibitors 

MM.1S NCI-H929 

G652 0.1 0.2 

G568 > 20 > 20 

^ Fig 1. Activity of PIM kinase inhibitors. A) In vitro biochemical 

potency (Ki,pM) for G652 and G568 against each PIM kinase isoform. B) 

Cell proliferation data (IC50) for G652 and G568 application on MM1.S 

and NCI-H929 cells 

MM1.S Pair-wise comparisons 

Objective Pair Total Up Down 

I: G652 
1h/DMSO 477 314 163 

4h/DMSO 535 160 375 

16h/DMSO 366 211 155 

II: G568 
1h/DMSO 502 391 111 

4h/DMSO 405 293 112 

16h/DMSO 648 421 227 

^ Fig 4. Modulation of known pathway markers (MM1.S data shown. (A) 

Report showing analytical data and phosphopeptide abundance plots for 

RPS6 (a known marker of PIM kinase activity). Points  within each treatment 

group represent unique quantification data-points of RPS6 phosphorylation 

where technical replicates are linked by a line. (B, C) Profile of known 

markers MDM2 and PRAS40. Average of phosphopepitde abundance data is 

shown and error bars denote standard error.   

MM1.S G652-1h MM1.S  G568-1h 

^ Fig 5. Canonical pathway diagram for eIF4 and P70S6k signalling.  

Effects of 1h G652 and G568 in MM1.S cells are depicted (green indicates 

relative inhibition and red, activation in response to compound treatment as 

indicated) 

< Fig 7. Analysis of young versus old 

cancer patients.  

A) Age distribution of disease-matched 

tissues. The date of birth for disease 

matched pairs is indicated on each 

column. B) Volcano plot and density 

histograms illustrate the distribution of 

significance (p-values < 0.05 selected) 

and directional fold change (in log2, 

values >1 or < -1 represent greater than 

2 fold up or down-regulation 

respectively). C) Heatmap representing 

directional change for 516 significant 

changes. Peptides with increased 

phosphorylation in young women are 

indicated in red and peptides with 

reduced phosphorylation in young 

women are shown in green. An example 

data report for a differentially regulated 

phosphopeptide is shown. 

B) Identification of signalling differences between distinct patient populations 

Younger breast cancer patient cohorts are known to be enriched  with a more aggressive disease 

and worse clinical outcome.  

9 pairs of young and old women were matched according to ER, HER2 and tumour grade status. All 

pairs have > 20 years difference in date of birth (Fig 7A) 

Phosphopeptide quantitation was achieved  across  >9000 unique phosphopeptides  

> 500 phosphopeptides show significant differences between the two patient populations (Fig 7B,C) 

Fig 6. Characterization of Tumour and Surrounding frozen breast tissue. A) Principle Component 

Analysis (PCA) was performed for all matched pairs of tumour and surround tissues. This summarizes 

quantification of 3123 phosphopeptide entries across experimental samples. Patient reference numbers  

are indicated where tumour samples are coloured in blue and surround tissues in yellow.  Patient matched 

samples are linked by a dotted line. B) Hierarchical clustering analysis of tumour and surrounding tissues. 

(C) Volcano plot depicts the distribution of significance (p<0.05 selected as significant)  and directional fold 

change (in log2) of phosphopeptides differentially expressed between tumour and surrounding breast tissue 

D) Distribution of the fold change between tumour and surrounding tissue (log2 values are shown where >1 

or <-1 represent greater than 2 fold up or down-regulation, respectively)  

A) Profiling of ñTumour versus Normalò frozen breast tissue samples 

5 pairs of matched tumour and surround breast tissue were selected  

Phosphopeptide quantitation was achieved across samples for >4500 unique 

phosphopeptide entries 

Tumour samples are shown to: 

Å Cluster distinctly from normal tissue (Fig 6A,B)  

Å Have elevated phosphopeptide levels (Fig 6 C,D) 

A                                                                       B 

C                                                                        D 

TIQUAS reveals differential activity  

of two PIM Kinase inhibitors 

A case study is presented where the phosphoproteomic profiles of 

two Genentech PIM kinase inhibitors, are determined following 

treatment in Multiple Myeloma Cell lines (MM1.S and NCI-H929). 

 

RESULTS 

MM1.S and NCI-H929 cells were treated with two PIM kinase 

inhibitors which exhibit differential isoform selectivity, G652 Pan 

PIM and G568 PIM1,3 selective (Fig 1) 

Phosphoproteomic profiles were determined (Fig 2). Consistent 

with biochemical and cell potency data, G652 was found to 

display a greater impact on global phosphorylation levels 

compared G568 (Fig 3) 

Known makers downstream of PIM kinase were shown to be 

modulated. The Pan-PIM inhibitor, G652 has a greater impact 

on these markers compared with the isoform selective 

compound, G568. These include: P-S6, P-MDM2 and  P-

AKT1S (PRAS-40) (Fig 4)  

Similarities and differences on signalling are placed within the 

context of pathway changes. G652 is shown to have a greater 

impact on eIF4 and P70S6k signalling, compared with G568 

treatment groups in MM1.S cells (Fig 5)  

These experiments have extended the understanding of 

mechanism of action of these PIM kinase inhibitor compounds 

and have identified potential novel markers of drug action 

This work was conducted for and funded by Genentech 

^ Fig 2. Phosphoproteomics profiles of G652 and G568  in MM1.S and 

NCI-H929 cells. Heatmap (log2 data) depicting significant changes to the 

phosphorylation status of individual peptides resulting from compound 

relative to DMSO over three time points. Peptides with reduced 

phosphorylation due to application of G652 or G568 are coloured green 

and peptides increased phosphorylation are coloured red  

^ Fig 3. Statistical summary of significant changes for G652 and G568 in 

both MM1.S and NCI-H929 cells. Data for each pairwise comparison 

indicates the number of phosphopeptides regulated (adjusted p value 

<0.05) and directional change (relative inhibition or up-regulation) 

NCI-H929 Pair-wise comparisons 

Objective Pair Total Up Down 

I: G652 
1h/DMSO 378 280 98 

4h/DMSO 329 28 301 

16h/DMSO 511 348 163 

II: G568 
1h/DMSO 23 6 17 

4h/DMSO 86 47 39 

16h/DMSO 125 82 43 

Here we describe two studies which validate the use of TIQUAS in frozen tissue samples: A) Identification of differences in signalling activity between tumour and surrounding 

human breast tissue samples; B) the application of TIQUAS to identify differences between distinct patient populations  


