
The acknowledged problems of reproducibility and resolution in-
herent in the 2-DE technology present a challenge for any image 
analysis software. As a result, in nearly all cases, the extracted 
data is partly incorrect and incomplete. As a consequence, re-
searchers have to deal with two serious problems in image analy-
sis - false positives and false negatives. Both are costly, not just in 
terms of the resources spent on downstream analysis of false hits 
but perhaps more importantly, by impeding a true understanding 
of the underlying biological system.

Knowing what a challenge it is to identify those proteins of bio-
logical interest that are truly differentially expressed between 
different physiological conditions, while minimizing false posi-
tives and false negatives, many researchers spend substantial 
amounts of subjective work on the image analysis to compensate 
for the many errors that accumulate during the analysis. How-
ever, even using sophisticated software packages and spending 
time on manual intervention is not a guarantee for achieving 
greater accuracy of the analysis. 

As a way of enhancing the data set of solid tumors from a 
mouse model of melanoma, Ludesi was used to generate a 
robust image analysis that gave higher correctness and less 
bias. Coupled with multiple statistical approaches, this gave 
high confidence in the proteins that were selected as being dif-
ferentially expressed in the tumor mass during specific stages 
of tumor growth in a mouse model of melanoma. This pro-
teomic approach visualized protein expression changes within 
an evolving tumor that reflect in vivo processes of tumor pro-
gression.

Abstract  

The case: Proteomic analyses of tumor progression in the  mouse melanoma model
Background  

One widely used model to study different aspects of cancer biol-
ogy and therapeutics is the B16-F10 mouse model of melanoma.

In a previous study using the model it was shown that immuno-
therapy treatment of melanoma tumors was successful at an early 
stage of tumor establishment, whereas at later stages the same 
treatment failed. This highlights the need to understand the mo-
lecular dynamics of the tumor as it progresses in vivo.

To increase the understanding  of tumor progression and explore 
new targets for solid tumor therapeutics, a kinetic proteome 
analysis was performed employing two-dimensional gel electro-
phoresis. The goal was to identify the biologically significant, dif-
ferentially expressed proteins within the tumor environment.

Comparison Number of protein spots (p< 0.05)

(Up/Down)

Day 3 to Day 5 46 (28/16)
Day 5 to Day 7 58 (18/40)
Day 7 to Day 10 15(4/11)

Results  

Trend analysis of proteins in progressing tumors 
(Jonckheere-Terpstra test, p< 0.01)

Trend 1:  continuous increase in spot expression
Chaperonin subunit 2 (beta) (61)
Hemoglobin beta (6)
Hemoglobiin alpha (7)
Gamma-actin (43)
3-phosphoglycerate dehydrogenase (59)

Trend 2:  continuous decrease in spot expression
Albumin (22, 27, 28, 29, 32, 33, 44, 49, 51, 52)

Trend 4:
Enolase 1 (36)

Trend 5:
Adenylate kinase 2 (11)
Fatty acid binding protein 5, epidermal (18)
Pyrophosphatase (20)
Prohibitin (13)

Trend 6:
Albumin (26, 53)
Chloride intracelllular channel 1/ albumin
mouse fragment (58)
Calgranulin (8)
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Hierarchical clustering
All four groups of data were analyzed at once (p<0.01)
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Differential expression between day 5 and day 7

Increased abundance

Pyruvate kinase, M2 
Enolase 1, alpha (2 spots)
Phosphoglycerate kinase 1 
Alpha-actin 
Translationally controlled tumor protein 
Eukaryotic translation initiation factor 3, subunit 2 
Prohibitin 
Fatty acid binding protein 5, epidermal 
Histidine triad nucleotide binding protein 1 

Decreased abundance

Calgranulin A
Albumin 1 (12 spots)
Enolase 1 
Prolyl 4-hydroxylase, beta polypeptide
Fibrinogen, B (2 spots)
Aldehyde dehydrogenase 2
Transferrin (4 spots)
Transthyretin
Hemopexin

Protein expression fluctuates during tumor progression, which highlights the need to study the disease pro-
gression at multiple time points for biomarker and therapeutic target discovery.
 
Cathepsin D was found to be a potential therapeutic target for cancer therapy.
 
Other potential therapeutic targets were found through the discovery of a clear switch in protein expression 
during tumor progression.

Conclusion  

Behind the scenes: Ludesi 2D gel image analysis

LaboratoryLaboratoryLaboratory

Ludesi’s 2D gel software comprises two separate parts: 
Part 1: a dedicated Analysis Center featuring proprietary image analysis soft-
ware coupled with protocols and procedures for quality assessment of the data.

Part 2: a user-friendly and free software (Ludesi REDFIN) for visualizing and 
working with the results of the analysis.

What Ludesi’s 2D gel image analysis meant for this project:
By using Ludesi’s 2D gel image analysis, with its standardized working proce-
dures and well-defined quality metrics, the scientists could feel confident in the 
results, and aquire data that enabled them to make the discoveries and conclu-
sions outlined in this poster. The project is now considered a great success.  
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Methods  
Inject B16-F10 cells into C57BL/6 mice

Tumor growth

Homogenize whole tissue

Ludesi image analysis

MALDI-TOF MS

Conventional image analysis
- Individual bias
- Severe bottleneck
- Insufficient confidence

Validation with IHC/WB

Day 3                  Day 5                   Day 7            Day 10Day 3                  Day 5                   Day 7            Day 10

2D-PAGE

Cathepsin D increased during tumor progession

2D-PAGE challenge
Solid tumors contain different cell types 

increasing the complexity and number of 
proteins that need to be evaluated. At all 
time stages the tumor mass contained at 

least 90 % tumor cells. Still, to reach a 
broader understanding, the differential 
expression of proteins with origin from 
non-tumor cells needed to be detected. 

Image analysis challenge
Correct and complete spot detection, 

segmentation and matching

The initial situation: 
When Ludesi first got involved, the project had gotten stuck at the 2D gel 
image analysis stage, where the NEI at the time was using conventional 2D gel 
software. 

The scientists running this project experienced several different well-known 
challenges with 2D gel image analysis:

- A severe bottleneck in terms of time needed for manual editing.
- A strong feeling of unease with the individual bias of the results coming   
  from the need for extensive manual editing.
- A lack of confidence in the results.

Ludesi’s 2D gel image analysis system has a unique workflow compared to con-
ventional 2D gel software, that helped the scientists overcome these issues.
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Ludesi’s 2D gel image analysis enabled discovery 
of potential therapeutic targets for solid tumors  


