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The definition of biomarkers

Pernot et al. Mutat Res. 2012 Oct-Dec;751(2):258-86.



1. Can be collected in a non-invasive manner from biofluids 
(urine, saliva, blood, etc.)

A good biomarker

2. Quick, reliable, and cost-efficient to assay

3. Validity of the biomarker (sensitivity, specificity, 
reproducibility); how about biological plausibility?

4. Suitable for use in a high through-put manner (big 
populations)



Collection and use of biological samples

Pernot et al. 2012

Sample collection

Sample processing

Data analysis



Use of proteomics in search for biomarkers

Guipaud O. Serum and Plasma Proteomics and Its Possible Use as Detector and Predictor of Radiation 
Diseases in “Radiation Proteomics”; Adv Exp Med Biol. 2013;990:61-86.



Gel-based: 

2D, 2D-DIGE

MS-based: 

(i) Different labelling methods (SILAC, ICPL, iTRAQ, iCAT etc.); 
quantification based on the mass difference

(ii) Label-free method; quantification based on the peak intensity 
or spectral counting

Different methods to study the proteome 



Peptide selection
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A. Selection of the appropriate peptide/s, unique to the protein of interest 

B. Selection of predominant peptide fragments specific to the peptide of interest

C. Validation of the MRM assay to confirm peptide identity: 
absolute quantification with AQUA peptides (4/protein), relies on the accurate 
determination of the peptide concentrations

(Adapted from: A. Schimdt, P. Picotti and R. Aebersold Proteomanalyse und Systembiologie BIOspektrum, 1/2008, S. 44) 

Selected/Multiple Reaction Monitoring assays (SRM/MRM)

Ideal method once you have found a biomarker of interest



Pilot study identifying circulating biomarkers of human 
heart failure Chugh et al. Proteomics. 2013 Aug;13(15):2324-34.

Mouse cardiac tissue proteomics
(wet lab) (wild-type vs. CnA)

In silico comparison with another
mouse cardiac tissue proteomics
data set

In silico comparison with mouse
cardiac tissue gene microarray data
set

In silico comparison with human 
urine and plasma proteomics data
set

„Wet lab“ comparison with mouse plasma
(wild-type vs. CnA) 
and heart patient plasma proteomics
ANXA2, IGFBP7, DESM, and MYH7
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Serum total amylase activity followed after total body irradiation (10 Gy)
of patients (Barrett et al. 1982). Indicates damage to the parotid glands.

Protein and amino acid biomarkers of IR known today

(i) Declines rapidly
(ii) Big variation among 

individuals



Flt3-L is a hematopoietic cytokine. The level of Flt3-L correlated 
with the severity of bone marrow aplasia. It has been used to 
estimate bone marrow damage in patients (Huchet et al. 2003). 

Protein and amino acid biomarkers known today



Citrulline in plasma: NMRI mice were subjected to 
single-dose total body irradiation (TBI). The time 
course of citrullinemia was assessed up to 11 days 
after TBI. A dose–response relationship was 
determined at 84 h after TBI (Lutgens et al. 2003).

Indicates damage to the small bowel.

Protein and amino acid biomarkers known today



Plasma concentrations of the three molecules Flt3-L (hematopoietic
system), citrulline (intestine) and oxysterols (liver, heart/vasculature)
were monitored for the follow-up of accidently irradiated victims of
“Dakar accident” (Bertho et al. 2008, 2009). An iridium-192 source was
lost from an industrial radiation device. The source stayed in a guide
which was stored near a workplace for 2 months, before being
discovered during a transfer of material. 63 potential victims three of
which received the highest radiation dose.

Multiple biomarker studies

In the first study (2008), these results were correlated with those from
classic biochemical markers (dicentrics), which demonstrated severe
damage to the hematopoietic system and suggested the appearance of
subclinical damage to the liver and cardiovascular system.
In the 2009 study the use of these biological indicators demonstrated

the presence of a hematopoietic syndrome and suggested the presence
of subclinical radiation-induced damage to the liver in one of two victims.
These results demonstrate for the first time the importance of a
multiparameter biological approach in the evaluation of radiation damage
after accidental irradiation.



Where to start:
Low-dose response in the heart tissue

Bakshi MV et al.  Radiat Environ Biophys. 2013 Nov;52(4):451-61.
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Proteomic analysis



Affected networks

STRING: Protein networks analysis of significantly deregulated proteins at 0.5 Gy



Effect of low-dose radiation on neonatal NMRI 
mice hearts: A dose-response relationship  



Quantitative proteomic analysis of leukocytes derived 
from patients with documented radiosensitivity

The goal of this project was to identify protein biomarkers that differ between the non-
responders and the radiosensitive patients. Clinical information and evaluation of acute
adverse skin reactions according to RTOG toxicity classification of breast cancer patients
treated with external beam RT was available. The degree of acute radiosensitivity was
scored from the redness of the skin at the end of treatment, documented by images and
general medical conditions.

Sara Skiöld

Both duplex and triplex ICPL studies 
show similar differences between the 

groups!

Skiöld et al. 2015, Mutation Research/Fundamental and 
Molecular Mechanisms of Mutagenesis, in press



With no radiation the levels of SOD1 and PARK7 (oxidative 
stress response) are lower in sensitive patients, these levels 
don’t change with IR.

PPAR alpha is predicted to be inactivated and IL6 activated, 
meaning a higher basal level of inflammation.

This inactivation of PPAR alpha is supported by high fibrinogen 
levels and up-regulation of acute phase proteins CA1 and CA2.

Interferon gamma is also predicted as an activated upstream 
regulator.

The low redox response and increased inflammation occur also 
after the dose of 1 mGy.

Radiosensitive patients



Non-responding patients

In non-irradiated samples a predicted activation of PPAR alpha 
and inactivation of IL6 but higher levels of SOD1 and PARK7 than 
in sensitive patients.

This could indicate a good redox balance and no inflammation.

After the dose of 1 mGy a rapid downregulation of oxidative 
stress proteins occurs (PARK7, SOD1, CA1, PRDX2 and 
SH3BGRL3) suggesting an immediate response to oxidative 
stress.

This may indicate that the level of ROS is “allowed” to increase. 
ROS may here be a signalling molecule.



Differences between the two groups

• Inflammatory responses
• Oxidative stress response
• Platelet activation and coagulation

Here the sensitivity biomarker is more like a 
fingerprint with several components involved!



Proteomics is a good tool in finding
biomarkers and will be used more
extensively also in radiation biology in the
future.

Conclusions

Especially novel techniques such as
selected / multiple reaction monitoring may
be useful as the peptide libraries for different
proteins will grow.

Biological samples from well-defined
epidemiological cohorts are necessary for
high-throughput screening in order to find
radiation biomarkers.



Thank you!

Mats Harms-Ringdahl     Mike Atkinson


