
 

 

 



 
 



Helicobacter pylori



 
 





 
 

 







 

I

Helicobacter



 

II 



 

III

 



 

IV 

Helicobacter pylori 

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. 

pylori

H. pylori 

H. pylori

H. pylori



 

V

H. pylori 



 

VI 

 

H. pylori

H. pylori

H. pylori

H. pylori. 

H. pylori

H. pylori

H. pylori



 

VII

H. pylori

H. pylori

H. pylori



 

VIII 

Helicobacter pylori

H. pylori 

H. pylori

H. pylori 

H. pylori 

Helicobacter pylori



 

IX

H. pylori 

H. pylori

H. pylori

H. pylori

 

  



 

X 

 

 

 

 



 

XI

κ

γ γ



 

XII 

α α

 

 

 

 



 

XIII

Table 1. Antibodies used for immunoblot analysis .......................................................................... 25 

Table 2. Restriction enzymes used in this study. (‘) stands for restriction enzyme recognition site.

 .......................................................................................................................................................... 27 

Table 3. Oligonucleotides used in the study. The underlined sequences represent the restriction 

enzyme recognition sites. ................................................................................................................ 28 

Table 4. List of relevant up-regulated genes after H. pylori infection. ............................................ 33 



 

XIV 



 

XV

Figure 1. Overview of H. pylori virulence factors-induced host cell alterations. Adapted with 

permission from Macmillan Publishers Ltd: Nature Reviews in Microbiology (5), © 2013. .............. 5 

Figure 2. Functional regulatory cis-elements in human MMP promoters. Adapted with permission 

from John Wiley and Sons: Journal of Cellular Physiology (99) © 2007. ......................................... 11 

Figure 3. ETS factors activity in cancer. Adapted with permission from Elsevier: Advances in Cancer 

Research (107) © 2013. ................................................................................................................... 14 

Figure 4. MMP-10 promoter deletion fragments scheme with their corresponding restriction 

enzymes. The blue line represents the MMP-10 human promoter (not scaled), whereas the yellow 

boxes represent the ETS-1 transcription factor binding sites within the MMP-10 promoter 

predicted by the cross of tree online databases (ALGGEN-PROMO, JASPAR and TFSEARCH). ....... 27 

Figure 5. H. pylori strains 26695 and 60190 induce an increase in MMP-10 and ETS-1 expression at 

mRNA and protein levels in AGS cell line. AGS cells were co-culture with two H. pylori strains, 

26695 and 6019, at a multiplicity of infection of 100, for a 24 hours period. Total RNA was isolated 

and the relative mRNA levels of (A) MMP-10 and (C) ETS-1 were analysed by qRT-PCR and 

normalized to GAPDH expression. The results are expressed as fold-difference relatively to non-

infected controls, with mean ± SE; n = 3 independent experiments. (B) Conditioned medium was 

collected and concentrated and MMP-10 secretion was assessed by western blot. The coomassie 

brilliant blue was used to control protein loading. (D) The ETS-1 protein present on cell lysates 

was analysed by western blot. GAPDH was used as an internal control. The blots shown are 

representative of 3 independent experiments. * p < 0.05, relative to non-infected cells. ............. 34 

Figure 6. Effect of H. pylori infection on ETS-1 and MMP-10 expression in a time course of 

infection (4h, 8h, 12h, 16h and 24h). AGS cells were infected with H. pylori strains 26695 (B, C) 

and 60190, at a multiplicity of infection of 100, for the indicated periods of time. After each 

infection period, (A) total RNA was isolated and the relative mRNA levels were analysed by qRT-RT 

PCR and normalized to GAPDH expression. The results are expressed as fold-difference relatively 

to non-infected controls, with mean ±SE; n = 3 independent experiments. (B) ETS-1 protein 

present on the lysates was analysed by western blot and GAPDH was used as an internal control. 

(C) Conditioned medium was collected and concentrated and MMP-10 secretion was assessed by 

western blot. The coomassie brilliant blue was used to control protein loading. * p < 0.05, relative 

to non-infected cells; NS non-satistically significant difference relative to non-infected cells. ...... 36 

Figure 7. ETS-1 transcription factor is required for MMP-10 activation during H. pylori infection. 

siRNA-tranfected cells were infected with H. pylori strain 26695, at a multiplicity of infection of 

100, for (A-B) 4h or (C-D) for 24h. Transient transfections were performed using a siRNA specific 



 

XVI 

to ETS-1 or a non-targeting siRNA. (A, C) ETS-1 and (B, D) MMP-10 relative mRNA levels were 

analysed by qRT-PCR and normalized to GAPDH expression. (A, C) ETS-1 protein present on cell 

lysates was evaluated by western blot and GAPDH was used as an internal control. (B, D) 

Conditioned medium was collected and concentrated and MMP-10 secretion was assessed by 

western blot. The coomassie brilliant blue was used to control protein loading. The results are 

expressed relatively to cells treated with a non-targeting siRNA, with mean ± SE; (A-B) n = 3 or (C-

D) n =2 independent experiments. * p < 0.05, relative to non-silencing cells infected with H. pylori; 

NS  non statistically significant differences relative to non-silencing cells infected with H. pylori. 38 

Figure 8. H. pylori-induced ETS-1 modulates MMP10 expression via EGFR pathways. AGS cells 

were treated with 5µM of the pharmacological inhibitor AG1478, or DMSO, for 1 hour and then 

infected with H. pylori strain 26695, at a multiplicity of infection of 100, for a 4 hours period. (A) 

ETS-1 and (B) MMP-10 relative mRNA levels were analysed by qRT-PCR and normalized to GAPDH 

expression. (A) Cells lysates were analyased by western blot using p-EFGR, EGFR and ETS-1 

antibodies. p-EGFR was used as control of EGFR inhibition and GAPDH as a loading control. (B) 

Conditioned medium was collected and concentrated and MMP-10 secretion was assessed by 

western blot. The coomassie brilliant blue was used to control protein loading. The results are 

expressed relatively to non-infected cells treated with DMSO, with mean ± SE; n = 3 independent 

experiments.* p < 0.05, relative to non-infected cells treated with DMSO. ................................... 40 

Figure 9. ETS-1 is required for MMP-10 promoter activation. MMP-10 promoter constructs (Full-

length MMP-10 Promoter Construct, Construct 1, Construct 2 and Construct 3) were transiently 

transfected into AGS cells. Transiently transfected cells were (A) infected for 4 hours with H. pylori 

strain 26695 or (B) treated with EGF (50 ng/ml) for 4 hours, and a reporter gene assay was 

performed. The no treatment condition represents the basal MMP-10 promoter activity. The 

scheme on the left shows the ETS-1 transcription factor binding sites present on each MMP-10 

promoter construct. For each construct, the individual effect of H. pylori and EGF on each MMP-

10 promoter constructs was assessed by comparison with the respective no treatment conditions. 

Additionally, each of the constructs was compared with the Full-length MMP-10 Promoter 

Construct of their respective condition. The results are expressed as mean ± SE; n = 3 independent 

experiments. For each condition, statistically significant differences were obtained comparing 

each construct with the respective empty vector. Apart from Full-length MMP-10 Promoter 

Construct on the EGF condition, no statistically significant differences were obtained when 

comparing each construct with the respective no treatment condition. § p < 0.05 relative to the 

no treatment condition; * p < 0.05 relative to the H. pylori or EGF Full-length MMP10 Promoter 

Construct, respectively; # p < 0.05 relative to the no treatment Full-length MMP10 Promoter 

Construct. ETS-1 BS (yellow boxes) represents the ETS-1 transcription factor binding sites on 



 

XVII

MMP-10 promoter region; arrow stands for start codon (ATG) and LUC represents the luciferase 

reporter gene luc2. ........................................................................................................................... 42 

Figure 10. EGFR-induced ETS-1 transcription factor up-regulates MMP-10 expression during H. 

pylori infection. H. pylori-mediated EGFR phosphrylation leads to the activation of RAS signalling 

cascade, which results in ERK1/2 phosporylation. ETS-1 phosporylation by ERKs lead to an 

increase on its transcriptional activity. Once up-regulated, ETS-1 is able to bind to ETS binding 

sites on the MMP-10 promoter region, leading to an increase in MMP-10 expression and secreted 

protein. Grey colour represents previous results obtained by our Group and in the literature (110, 

117, 145, 146).Yellow and blue colours represent the obtained results in this thesis; the boxes 

(yellow and blue) represent mRNA levels and the circles (yellow and blue) represent ETS-1 and 

MMP-10 proteins, respectively. ....................................................................................................... 50 





 



 

 



 

3 

 

Helicobacter pylori H. pylori

H. pylori 

H. pylori

H. pylori

H. 

pylori

H. pylori  

H. pylori

 

H. pylori



 

4

H. pylori

H. pylori

H. pylori

cag

H. pylori

H. pylori 

vacA

vacA vacA

vacA

cag

H. pylori

H. pylori

H. pylori H. pylori

cag

cag



5 

γ

H. pylori

 Nature Reviews in Microbiology 2013. 



 

6

 

H. pylori

 

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

β α



7 

H. pylori vacA

cag 

cag

H. pylori 

H. pylori

 



 

8

 

 

H. pylori

H. pylori

H. pylori

H. pylori

in vitro

H. pylori 

H. pylori



9 

H. pylori

in vivo in vitro cag 

H. pylori

β

cag 

κ

H. pylori

H. pylori

in vivo

in vitro 

H. pylori

cag 

cag cag 

H. pylori

H. pylori

H. pylori

κ κ

via

α

β

H. 

pylori



 

10

 

cis

trans

cis

κ

cis



11 

 cis

Journal of Cellular Physiology  © 2007.

 

trans



 

12

 

 



13 

 



 

14

β

Advances in Cancer 

Research © 2013. 



15 

 

 



 

16



 

 

 

 



 

 



19 

In vitro in vivo

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori 

H. pylori



 

20 

 

  



 

 
 

 

 

 

 

 

 



 
 

 



 

23 

 

µ

H. pylori

 

H. pylori

H. pylori

 



 

24

H. pylori

 

H. pylori

 

−

 

 

µ



 

25 

 

 

 

 -  

 -  

 -  



 

26

 

µ

 

 

 

http://epd.vital-it.ch/
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://jaspar.genereg.net/
http://www.cbrc.jp/research/db/TFSEARCH.html


 

27 

 



 

28

α

Echerichia coli E. coli)

 

Oligonucleotides used in the 

generation of promoter constructs 

CAGTGGTACCGTTATTGCAGACTTACTGTG 

AGCTCTCGAGTCTCACTGCCCTTACCTTC 

 

ATAGGAGCTCGACCACGACTATATTTGG 

AGCTCTCGAGTCTCACTGCCCTTACCTTC 

 

CTATGGTACCCAAAACATTTGGCAT 

AGCTCTCGAGTCTCACTGCCCTTACCTTC 

 

CCATGGTACCGATGTAGGCTGTATCACCA 

AGCTCTCGAGTCTCACTGCCCTTACCTTC 

 

 

Oligonucleotides used in DNA-

sequencing  

 

GAACATTTCTCTGGCCTAAC 

GCCGAGGCCAGATCTTGA 

 

TAATACGACTCACTATAGGG 

ATTTAGGTGACACTATAGAA 

 



 

29 

 

Renilla

Renilla

H. pylori

Renilla

 



 

30 



 

 



 

 
 



 

33 

 

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

 H. pylori

Up-regulated genes Fold increase 

ETS-1 2.52 

MMP-10 14.6 



 

34

H. pylori

H.pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori



 

35 

H. pylori

H. pylori



 

36

H. pylori

H. pylori



 

37 

 

H. pylori

H. pylori 

H. pylori

H. pylori

H. pylori

H. pylori



 

38

H. pylori

H. pylori



 

39 

H. pylori

H. pylori

 

H. pylori 

H. pylori 

via

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori



 

40

H. pylori

H. pylori

 

in silico



 

41 

H. pylori

H. pylori



 

42

H. pylori

H. pylori

H. pylori

luc2

 

 

 



 

 
 



 
 



 
 

45 

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori



 

46

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H.pylori

H. pylori



 
 

47 

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori via

H. pylori

H. pylori

H. pylori

In silico

H. pylori 



 

48

H. pylori



 
 

49 

H. pylori

H. pylori

H. pylori

H. pylori



 

50

 

 

 

H. 

pylori H. pylori



 

 
 



 

 

  



 

53 



 

54



 

55 



 

56



 

57 



 

58



 

59 



 

60



 

61 



 

62



 

63 



 

64



 

65 



 

66



 

67 



 

68



 


