




 

 

Molecular markers in gastric cancer 



 











1.1.1. Dane epidemiologiczne 

carcinoma ventriculi

Table 1. New cases of the most frequent types of malignant neoplasms in Poland (2010). 



Fig. 1. Malignant gastric cancer mortality trends in Poland from 1965 to 2006, a forecast for up 

to 2025 (according to

 



Fig. 2. Malignant gastric cancer mortality trends in Poland from 1965 to 2006, a forecast for up 

to 2025 (according to: Didkowska J., Wojciechowska U., Zato ski W. „Prognozy zachorowa  i 

zgonów na wybrane nowotwory z o liwe w Polsce do 2025 roku”, Wyd. Centrum Onkologii – 

Instytut im. Marii Sk odowskiej-Curie w Warszawie, 2009, s. 21).   
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Fig. 3 Gastric carcinogenesis according to Pablo Correa (1988) [5].

staging



Adenocarcinoma

Adenocarcinoma papillare

Adenocarcinoma tubulare

Adenocarcinoma mucinosum

Signet-ring Cell Carcinoma

Carcinoma adenosquamosum

Carcinoma planoepitheliale

Carcinoma microcellulare

Carcinoma nondifferentiatum

grade

typus intestinalis

typus diffusus

Table 2. The basic characteristics of gastric cancer types according to Lauren classification. 



intestinalis diffusus

ntrum

gastritis atrophicans

metaplasia intestinalis

ep – epithelial lesion

mm – muscularis mucosae lesion

sm – submucosal lesion



locally advanced gastric 

cancer

Fig. 4. Early and advanced cancer – stomach wall infiltration. 
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Fig. 5. Endoscopic type of  infiltration in early gastric cancer according to Japanese 

classification. 

 

 lintis plastica

Fig. 6. Endoscopic type of infiltration in advanced gastric cancer according to Borrmann 

classification. 



Fig. 7. Topographic classification of gastroesophageal junction cancer according to the 

International Gastric Cancer Association (J.R. Siewert), 1997. 

ostium cardiacum cardia

adenocarcinoma



tumor

carcinoma in situ

muscularis proprium

noduli

metastases

grade

Table 3. Gastric cancer staging according to TNM/ pTNM classification. 



Fig. 8. Ways gastric cancer can spread. 

1.12.1. Rozsiew raka o dka drog  uk adu ch onnego 

vasa lymphatica in-

tramuralia vasa et 

nodi lymphatici extramurales



Table 4. Lymphatic system of the stomach – group 1 lymph nodes. 

Table 5. Lymphatic system of the stomach – group 2 lymph nodes. 

Table 6. Lymphatic system of the stomach – group 3 lymph nodes. 



Table 7. Lymphatic system of the stomach – group 4 lymph nodes. 

Fig. 9. Impact of tumour infiltration of the stomach wall on the metastasis to lymph nodes;  

mm – muscular layer of the mucosa (lamina muscularis mucosae), sm – submucosal layer (lamina 

submucosa), mp – proper muscular layer (lamina muscularis propria), ss – subserous layer (lami-

na submucosa), s – serous layer (lamina serosa).

 



Fig. 10. Gastric cancer treatment scheme (modification, according to:

 

1.13.1. Taktyka onkologiczna leczenia raka o dka 

Fig. 11. Oncological tactics in gastric cancer treatment. 



re-staging

Fig. 12. Decision-making process in gastric cancer. 



1.13.2. Taktyka chirurgiczna leczenia raka o dka 

Fig. 13. Key elements of surgical treatment tactics in gastric cancer. 

Fig. 14. Guidelines for the provision of a safe surgical margin in gastric cancer treatment. 



Fig. 15. Elements of radical surgery due to gastric cancer. 

gastrectomia totalis

resectio ventriculi subtotalis superior

resectio subtotalis ventriculi inferior arte-

ria gastrica sinistra

truncus coeliacus

Fig. 16. Scope of lymphadenectomy in the radical treatment of gastric cancer. 



Fig. 17. Types of palliative surgeries in patients with gastric cancer. 

1.13.3. Metody rekonstrukcji ci g o ci przewodu pokarmowego po operacji  

z powodu raka o dka 

Fig. 18. Preferred methods of reconstruction of the digestive tract continuity after gastric cancer 

surgery.



anastomosis gastro-duodenalis

Fig. 19. Billroth I reconstruction (anastomosis gastro-duodenalis) after subtotal lower 

gastrectomy.

gastro-jejunoanastomosis retrocolica

Fig. 20. Hofmeister-Finsterer reconstruction (gastro-jejunoanastomosis retrocolica) after subtotal 

lower gastrectomy.



anastomosis oesophago-jejunalis termino-lateralis 

cum jejuno-jejunoanastomosis termino-/latero-lateralis

Fig. 21. Roux-en-Y reconstruction (anastomosis oesophago-jejunalis termino-lateralis cum jejuno-

jejunoanastomosis termino-/latero-lateralis) after total gastrectomy.

anastomosis oesophago-

jejunalis termino-lateralis cum jejuno-duodenoanastomosis termino-terminalis

Fig. 22. Longmire-Henley reconstruction with an intestinal insert (anastomosis oesophago-

jejunalis termino-lateralis cum jejuno-duodenoanastomosis termino-terminalis) after total  

gastrectomy 

 



1.13.4. Wyniki leczenia raka o dka 

Fig. 23. 5-year survival in gastric cancer. 

1.13.5. Przyczyny niepowodze  leczenia raka o dka 

recidiva

carcinosis peritonei



Fig. 24. Causes of gastric cancer treatment failure.

1.13.6. Elementy kontrowersyjne diagnostyki i leczenia raka o dka 

Fig. 25. Controversial elements of diagnostics and treatment of gastric cancer.



Fig. 26. Key elements for an improvement of the effectiveness of gastric cancer treatment.



1.15.1. Zwi kszona ekspresja genów w raku o dka 





1.15.2. Wyciszanie ekspresji genów w raku o dka 

tumor supres-

sor genes

(member of the runt domain-containing 

family of transcription factors)



histidine triad

stage



1.15.3. Aktywno  telomerazy w komórkach raka o dka  

1.15.4. Zmiany epigenetyczne  

p16, CDH1 hMLH1, RAR - 

beta, RUNX3, MGMT TSP1 

HLTF RIZ1 

hMLH1, MGMT, p16, CDH1, RAR - beta, HLTF, 

RIZ1, TM, FLNs, LOX, HRASLS, HAND1

 



APC CDH1

1.15.5. Rola mikroRNA w rozwoju raka o dka 



H. pylori

H. pylori

H. pylori

1.15.6. Niestabilno  genomowa 

BAT26 BAT25 D2S123 D5S346

D17S250

hMSH2



 

1.15.7. Predyspozycja genetyczna do raka o dka 



 

 

(prostate stem cell antigen)

 H. pylori



(synthase thymidylate)

1.15.8. Molekularne podstawy procesu nowotworowego w jelitowym  

i rozlanym typie raka o dka 

claudins

components of tight junction strands



(protein kinase C/mitogen-activated protein kinase/activator protein-1

1.15.9. Infekcja Helicobacter pylori 

Ras-mitogen-activated protein kinase



1.15.10. Komórki macierzyste w raku o dka  

binding cassette family of transporter pro-

teins

binding cassette, subfamily G, group 2 binding cassette, subfami-



ly B, member 1

(epi-

thelial-specific antigen)

1.15.11. Kliniczne i molekularne czynniki rokownicze w raku o dka 





receiver-operating characteristic curve







3.1.1. Ogólna charakterystyka materia u klinicznego 

gastrectomia totalis

resectio ventriculi subtotalis superior/inferior

3.1.2. Pozyskiwanie i przechowywanie materia u klinicznego do bada  



3.2.1. Izolacja ca kowitego RNA z pooperacyjnych fragmentów raka o d-

ka metod  Chomczy skiego i Sacchi 



3.2.2. Oczyszczanie i ocena jako ci RNA 



Fig. 27. Sample gel image. Two stripes equivalent to subunits 28S and 18S of ribosomal RNA can 

be seen in the lanes. 



Fig. 28. Above: electrophorogram for sample no. 46 (very good RNA quality – RIN 8.8; below: 

sample 80 (RIN 2.8 – poor quality RNA). M – marker; 5S, 18S, 28S – subunits of rybosomal RNA, 

F – fast region fraction.





Table 8a. Samples analyzed using a microarray HG_U133 2.0 

Table 8b. Summary of degradation level – sample analyzed with the microarray HG_U133 2.0



Table 9a. Samples analyzed using a microarray  

Table 9b. Summary of degradation level – sample analyzed with the microarray 

3.3.1. Synteza znakowanego i fragmentowanego aRNA (Gene Chip 3' IVT 

Express Kit) 



Table 10. Components of the RNA/Poly-A control mix. 

Table 11. Components of the mix for the synthesis of the second cDNA thread. 



Table 12. Components of reaction mix for aRNA synthesis. 

Table 13. Components of reaction mix for aRNA fragmentation



3.3.2. Hybrydyzacja, p ukanie i skanowanie mikromacierzy 

Table 14. Components of the hybridisation cocktail



justRMA

False Discovery Rate



Table 15. RNA concentrations and the yield of isolation of the analysed samples. 



Fig. 29. A comparison of the yield of isolation from tumor samples and fragments of normal stom-

ach tissue. 

Fig. 30. A comparison of the quality of RNA from tumor samples and fragments of normal stom-

ach tissue.



Normalized Unscaled Standard Error



Fig. 31. Chart RNA degradation in the tested samples. The X-axis shows the location of the probes 

in the gene (the distance from the end of the transcript), the Y-axis value of the expression for the 

probe. The slope of the curve indicates the degree of degradation - in only one sample, No. 96, is 

globally distinctly different than the other. 



Fig. 32. Graph of normalized unscaled standard error (Nuse). Indicates an expression of the 

scattering of the measurements within each of the probes on the microarray in relation to the 

whole set. Matrix No. 96 shows the clear outliers. 



Fig. 33. Graph of relative expression values after taking the logarithm (RLE). Sample No. 96 

exhibits a strongly projecting from the whole set of the average value of RLE. 



False Discovery Rate

Fig. 34. Chart thermal map type (called heatmap) for differences in gene expression associated 

with the age of patients (Group 1 – less than 65 years, group 2 – 65 years). Graphically encoded 

gene expression (according to the scale below the graph, the intensity of blue color corresponding 

to the expression of genes) are shown in the rows, all probe sets show a statistically significant 

difference (p<0.001). Expression of genes represented on the graph has been subjected to 

standardization (centering and scaling). 



Fig. 35. A plot of the difference times (log2 (Fold change)) shown on the X axis statistical signifi-

cance of the difference (-log10 (p-value)) based on the age of the patients (Group 1 – less than 65 

years, group 2 – 65 years). Probe sets showing a statistically significant difference was noted in 

blue (p <0.001). 



Fig. 36. Unattended analysis of multidimensional scaling method. Green dots indicated patients 

over 65 years old, red patients under 65 years of age. Figure shows the dependence of the first 

three components (PC1, PC2, PC3) capture the three main sources of variation in the three-

dimensional graphs. 



False Discovery Rate

Table 16. Summary of differences in gene expression in group 1 (patients up to 65 years) and 

group 2 (patients above 65 years of age). Presents the statistical significance of the difference (p), 

to estimate the significance after correction for multiple comparisons (false-positive rate, FDR, 

called False Discovery Rate), and times the difference between the group of cancer samples and 

normal mucosa samples. The first column shows the symbol and the name of the gene and the 

identification of a set of probes on Affymetrix (ProbeSet). 



Fig. 37. Chart thermal map type (called heatmap) for differences in gene expression in the test 

samples of gastric cancer among women (F) and males (M). The expression of genes encoded 

graphically (according to the scale below the graph, the intensity of the blue color corresponds to 

the expression of genes) are shown in rows, all probe sets exhibit a statistically significant differ-

ence (p <0,001). Expression of genes represented on the record-August has been subjected to 

standardization (centering and scaling). 



False Discovery Rate

Fig. 38. A plot of the difference times (log2 (Fold change)) shown on the X axis of the statistical 

significance of the difference (-log10 (p-value)) based on the sex of patients. Probe sets showing a 

statistically significant difference shaded in non-bieskim (p <0.001). 



Fig. 39. Unattended analysis of multidimensional scaling method. Red dots marked woman in blue 

men. Figure shows the dependence of the first three components (PC1, PC2, PC3) capture the 

three main sources of variation in the three-dimensional graphs. 



False Discovery Rate

Table 17. Summary of differences in gene expression in female (F) and male (M). Presents the 

statistical significance of the difference (p), to estimate the significance after correction for multi-

ple comparisons (false-positive rate, FDR, called False Discovery Rate), and times the difference 

between the group of cancer samples and normal mucosa samples. The first column shows the 

symbol and the name of the gene and the identification of a set of probes on Affymetrix (ProbeSet). 







False Discovery Rate

Fig. 40. Figure thermal map type (called heatmap) for the differences in the expression of genes 

associated with the primary tumor (as a "3" indicates a T2-T3, as "4" a T4. Graphically encoded 

gene expression (according to the scale below the graph, the intensity of blue color corresponds to 

the expression of genes) are shown in the rows, all probe sets show a statistically significant dif-

ference (p <0.001). gene expression shown in the graph has been subjected to normalization 

(centering and scaling). 



Fig. 41. A plot of the difference times (log2 (Fold change)) shown on the X axis of the statistical 

significance of the difference (-log10 (p-value)) based on the primary tumor. Probe sets showing a 

statistically significant difference was noted in blue (p <0.001).



Fig. 42. Unattended analysis of multidimensional scaling method. Orange dots indicates patients 

T2-T3, T4 patients in purple. Figure shows the dependence of the first three components (PC1, 

PC2, PC3) capture the three main sources of variation in the three-dimensional graphs. 



False Discovery Rate

Table 18. Summary of differences in gene expression in group 3, and T2-T4 group. Presents the statisti-

cal significance of the difference (p), to estimate the significance after correction for multiple compari-

sons (false-positive rate, FDR, called False Discovery Rate), and times the difference between the group 

of cancer samples and normal mucosa samples. The first column shows the symbol and the name of the 

gene and the identification of a set of probes on Affymetrix (ProbeSet). 





(heatmap)

Fig. 43. Figure thermal map type (called heatmap) for the differences in the expression of genes 

associated with advancing node (N0-one group, designated "0", and a group of N2-3, labeled "1"). 

The expression of genes encoded graphically (according to the scale below the graph, the intensity 

of the blue color corresponds to the expression of genes) are shown in rows, all probe sets show a 

statistically significant difference (p <0.001). Expression of genes represented on the graph has 

been subjected to standardization (centering and scaling). 

Fig. 44. A plot of the difference times (log2 (Fold change)) shown on the X axis of the statistical 

significance of the difference (-log10 (p-value)) based on the node's advancement. Probe sets 

showing a statistically significant difference was noted in blue (p <0.001). 



Fig. 45. Unattended analysis of multidimensional scaling method. The yellow dots determined N0-

1 patients, and three patients N2-red. Figure shows the dependence of the first three components 

(PC1, PC2, PC3) capture the three main sources of variation in the three-dimensional graphs. 



False Discovery Rate

Table 19. Summary of differences in gene expression depending on the level node. Presents the 

statistical significance of the difference (p), to estimate the significance after correction for multi-

ple comparisons (false-positive rate, FDR, called False Discovery Rate), and times the difference 

between the group of cancer samples and normal mucosa samples. The first column shows the 

symbol and the name of the gene and the identification of a set of probes on Affymetrix (ProbeSet). 

grading

False Discovery Rate



heatmap

Fig. 46. Chart thermal map type (called heatmap) for differences in gene expression associated 

with the degree of differentiation. The expression of genes encoded graphically (according to the 

scale below the graph, the intensity of the blue color corresponds to the expression of genes) are 

shown in rows, all probe sets show a statistically significant difference (p <0.001). Expression of 

genes represented on the graph has been subjected to standardization (centering and scaling). It is 

evident that the main differences are distinct groups G1 from the other two subgroups.



Fig. 47. Unattended analysis of multidimensional scaling method. Green dots marked samples G1, 

G2 blue and red G3. Figure shows the dependence of the first three components (PC1, PC2, PC3) 

capture the three main sources of variation in the three-dimensional graphs. 



False Di-

scovery Rate

Table 20. Summary of differences in gene expression, depending on the degree of histological 

differentiation of the tumor. Presents the statistical significance of the difference (p), to estimate 

the significance after correction for multiple comparisons (the percentage of false positives, FDR, 

called False Discovery Rate), and times the difference between the group of cancer samples and 

normal mucosa samples. The first column shows the symbol and the name of the gene and the 

identification of a set of probes on Affymetrix (ProbeSet). 







Fig. 48. Differences in gene expression associated with the possible overall survival of patients. 

On each of the figures shows two curves for patients with above median gene expression (red) and 

below the median (blue). Above the graph are given uncorrected statistical significance of the 

observed difference. 



Fig. 49. Unattended analysis of multidimensional scaling method. Figure shows the dependence of 

the first three components (PC1, PC2, PC3) capture the three main sources of variation in the 

three graphs dwuwymiarowych.Kropkami red color indicates the left cluster, named "Group 1", 

dotted blue right cluster called "group 2". 

False Discovery Rate



Fig. 50. A plot of the difference times (log2 (Fold change)) shown on the X axis of the statistical 

significance of the difference (-log10 (p-value)) between group 1 and group 2 patients. Probe sets 

showing a statistically significant difference was noted in blue (p <0.001). 



(heatmap

Fig. 51. Chart thermal map type (called heatmap) for differences in gene expression 

associated with the difference between the two main clusters in the analysis unattended. 

Graphically encoded gene expression (according to the scale below the graph, the 

intensity of blue color corresponding to the expression of genes) are shown in the rows, 

all probe sets show a statistically significant difference (p <0.001). Expression of genes 

represented on the graph has been subjected to standardization (centering and scaling).



False Discovery Rate

Table 21. Summary of differences in gene expression in group 1 and group 2 Presents the statisti-

cal significance of the difference (p), to estimate the significance after correction for multiple 

comparisons (false-positive rate, FDR, called False Discovery Rate), and times the difference 

between the group of cancer samples and normal mucosa samples. The first column shows the 

symbol and the name of the gene and the identification of a set of probes on Affymetrix (ProbeSet). 

In the entire group of 1175 probe sets are shown only the first 100. 













Fig. 52. Overall survival curves of the patients in group 1 (red curve) and group 2 (blue curve). 

The X-axis shows the overall survival time in months, the Y-axis the percentage of patients surviv-

ing without an event (death). 

multidimensional scaling
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Fig. 53. Multidimensional 

scaling analysis of the re-

sults of a microarray analy-

sis in 14 samples (8 gastric 

cancer samples – marked 

with red dots, T, 6 mucosa 

samples, green squares, N). 

Relation between the first 

three elements (PC1, PC2, 

PC3) on three two-

dimensional diagrams is 

shown.



Fig. 54. Relationship between the logarithm of fold change (Log2(Fold change)) shown on the X 

axis and of the statistical significance of the difference (-Log10(p-value)). Probe sets showing a 

statistically significant difference are marked in blue (p<0.001). Negative values indicate a de-

creased expression in cancer samples, while positive values reflect an increased  expression, as 

compared to non-cancerous samples.



False 

Discovery Rate

Table 22. Summary of differences in the expression of genes between stomach mucosa samples (N) 

and gastric cancer samples (T). Statistical significance of the difference (p), evaluation of the 

significance after multiple comparison correction (FDR, i.e. False Discovery Rate), and the loga-

rithm of fold change between the cancer samples and normal mucosa samples are shown. Column 

one specifies the gene name, while column two its symbol according to HUGO, number according 

to the Entrez system and identifier of the probe set on the Affymetrix microarray (ProbeSet). 

 







False Discovery Rate

Table 23. Summary of differences in gene expression between the group of samples tested on the 

microarray without any degradation in characteristics relative to the sample exhibiting the char-

acteristics degradation. Presents the statistical significance of the difference (p), to estimate the 

significance after correction for multiple comparisons (false-positive rate, FDR, called False 

Discovery Rate), and times the difference between the group of cancer samples and normal muco-

sa samples. The first column shows the name of the gene, and in the second the symbol for HUGO, 

and in the third set identifier probes on Affymetrix (ProbeSet). 















False Discovery Rate

Table 24. Summary of differences in the expression of 187 genes in the previously mentioned work 

between the group of cancer samples and samples of the surrounding mucous membranes. Pre-

sents the statistical significance of the difference (p), to estimate the significance after correction 

for multiple comparisons (false-positive rate, FDR, called False Discovery Rate), and times the 

difference between the group of cancer samples and normal mucosa samples. The first column 

shows the name of the gene, and in the second the symbol for HUGO, and in the third set identifier 

probes on Affymetrix (ProbeSet).





Table 25. Results of gene RRM2 expression analysis. 





Table 26. Results of gene TIMP1 expression analysis









Table 27. The differentially expressed genes, the comparison between samples of cancer and 

normal gastric mucosa. 





Table 28. A meta-analysis of work on gene expression in gastric cancer. 



 



Ribonucleotide re-

ductase M2 polypeptide

ribonuclease, RNase A family, 1 pancreatic-type

Tissue inhibitor of metalloproteinase 1

Collagen, type VI, alfa 3

Thrombospondin 2

Platelet derived growth factor D



Collagen, type I, alpha 2

Collagen, type IV, alfa 2

FN1-Fibronectin 1

Laminin, gamma 2

 Mitogen-activated protein 

kinase 1

opioid binding protein/cell adhesion molecule-like

(signaling lymphocytic activation molecule family member 1)

solute carrier family 2 

member 1, facilitated glucose transporter

secreted 

protein, acidic, cysteine-rich

Trefoil factor 1



TOP2A

v-yes-1 Yamaguchi sarcoma viral oncogene homolog 1







splicing





in vitro in vivo
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multidimensional scaling












