
Western blot quantification of the target protein

expression levels is shown in Figure 2 which demonstrates a

high diversity of expression patterns among patients.

However, some similarities among individual patterns were

recognized. The patients were grouped according to those

similarities as shown in Figure 2. Patients 4, 5, and 7

demonstrated no SOD-2 expression at either the initial

checkpoint (A) or at the end of the therapy (F) (see

subgroup II, Figure 2a). There are two opposite therapy

effects recorded in subgroups I and III: whereas in

subgroup I the expression of SOD-2 was fully suppressed

by the therapy, in subgroup III this expression was strongly

induced as shown at the last checkpoint (F). 

A very important result was achieved considering

simultaneously the expression patterns of both catalase

(Figure 2b) and thioredoxin (Figure 2c): namely, with the

exception of patient 7, the identical grouping of patients was

reached – patients 1, 5 and 6 (subgroup I), patients 2, 3 and

4 (subgroup II). In the case of catalase, the therapy resulted

either in high expression induction (subgroup I) or had no

visible effect on final expression rates (subgroup II).

Noteworthy, the initial expression of catalase (checkpoint

A) was similarly low in subgroup II, whereas subgroup I

demonstrated extremely varied values (note the

corresponding standard deviation in Figure 2b). Similarly,

highly similar values for catalase at the final checkpoint

were found in subgroup II.

A high diversity in thioredoxin expression levels, either

very high or very low with the difference up to 25-fold,

and even higher at both initial and end checkpoints (A

and F, respectively) were found in the patients tested.

The therapy resulted in substantial induction of

thioredoxin activity in subgroup I, whereas subgroup II

demonstrated no expression differences between

checkpoints A and F. 

Discussion

An acute need in identification of individual susceptibility

to radiation reactions is currently being discussed by the

broad scientific forum focused on breast cancer treatment,

in order to avoid unnecessary and excessive treatment-

related toxicity as well as to substantially improve patient-

specific radiotherapy planning in terms of doses applied.

Although currently not available, minimally invasive blood

analysis is considered as a potential tool with high predictive

power (18) and can contribute to both improved early

diagnosis and optimized patient-specific therapy treatment.

This work deals with the latter issue and was focused on ex
vivo individual profiling of differential gene expression,

identification of selected highly affected proteins, and

recognition of possible similarities in individual expression

patterns in circulating leukocytes isolated from breast

cancer patients who underwent diagnosis and breast-

conserving surgery followed by fractionated radiotherapy by

application of a total of 60 Gy. 

Protein expression profiling demonstrated a significant

shift in individual protein expression patterns of all

recruited patients under the treatment conditions tested in

the study. Moreover, not a single conservative protein spot

was found to have a constant expression under the

treatment conditions used. Further high diversity of

expression patterns within the patient group was

demonstrated. This makes a diagnostic application of blood

proteome seem an extremely complicated task and

highlights the importance of recognizing similarities in

expression in such cases.

Among the highly affected differentially expressed

proteins, the key regulator of redox status, thioredoxin, was

identified. Thioredoxin is a member of the minimal stress

proteome of cellular organisms, i.e. it belongs to the
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Table II. MALDI-TOF analysis of the selected differentially expressed protein spots. 2D-PAGE-images are given in Figure 1. Expression levels at the
baseline checkpoint A (initial diagnosing) are taken as reference, i.e. = 1.

SSP Ratio of expression NCBI/Acc. No Protein identified Peptide Sequence  Potential function

number number coverage

measured/ (%)

matched

A B C D E F

2205 1 1 0.5 0 0 0 P04179 Human superoxide dismutase, 31/21 69 Mitochondrial manganese 

mitochondrial precursor superoxide dismutase

3105 1 1 3 3 1.5 3 CAA38410 Human thioredoxin 11/8 46 Multifunctional 

redox control

8205 1 1 1 1 1 2 CAA27721 Human catalase 47/18 35 Peroxidase




