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Kratka zgodovina nekaterih 

mejnikov v medicini 
Å 460 BC Birth of Hippocrates 

Å c.130 CE Birth of Galen 

Å 910 Persian physician Rhazes is the first to identify smallpox (koze) 

Å 1800 Sir Humphry Davy announces the anesthetic properties of nitrous 

oxide 

Å 1870s Louis Pasteur and Robert Koch establish the germ theory of disease 

(mikrobna teorija). According to germ theory, a specific disease is caused 

by a specific organism.  

Å 1879 First vaccine for cholera 

Å 1899 Felix Hoffman develops aspirin (acetyl salicylic acid).  

Å 1922 Insulin first used to treat diabetes. 

Å 1928 Scottish bacteriologist Sir Alexander Fleming discovers penicillin.  

Å 1967 South African heart surgeon Dr. Christiaan Barnard performs the first 

human heart transplant. 

Å 1983 HIV, the virus that causes AIDS, is identified. Prva zdravila 1991 
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Najpogostejġi vzrok smrti zaradi bolezni v razvitem 
svetu so kardiovaskularna obolenja in rak (ZDA 2006) 

Source: US Mortality Data 2006, National Center for Health Statistics, 

Centers for Disease Control and Prevention, 2009. 

Rank Cause of Death 
No. of 

deaths 

% of all 

deaths 
 

1. Heart Diseases   631,636  26.0 
   
2. Cancer    559,888  23.1 
 
3. Cerebrovascular diseases  137,119   5.7 
   
4. Chronic lower respiratory diseases 124,583     5.1 
   
5. Accidents (unintentional injuries) 121,599    5.0 
   
6. Diabetes mellitus    72,449   3.0 
   
7. Alzheimer disease     72,432   3.0 
   
8. Influenza & pneumonia   56,326   2.3 
   
9. Nephritis     45,344   1.9 
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Smrtnost zaradi razliļnih bolezni v ZDA  
 

v letih 1950 in 2006 

Sources: 1950 Mortality Data - CDC/NCHS, NVSS, Mortality Revised. 

2002 Mortality Data: US Mortality Public Use Data Tape, 2002, NCHS, 

Centers for Disease Control and Prevention, 2004 
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Zapostavljene bolezni (bolezni tretjega sveta) 

Spalna bolezen 

Chagasova bolezen 

//upload.wikimedia.org/wikipedia/commons/1/19/Chagas_disease_world_map_-_DALY_-_WHO2002.svg


Nameni zdravljenja 

ÅOzdravitev bolezni 

ÅIzboljġanje kvalitete ģivljenja pacienta  

ÅNeprimerno zdravljenje ali zdravljenje, ki 

ga ni, predstavlja zelo veliko ekonomsko 

breme za druģbo 

ÅZgodnja diagnostika je kljuļ do hitrega in 

uspeġnega zdravljenja! 



Za vsako bolezen obstaja vedno 

veļ kot ena tarļa 

 

ÅVpraġanje za milijardo $ : katera je 

najboljġa? 

ÅVrhunsko znanje! 

 

 



Sources: Drug Discovery and Development: Understanding the R&D Process, www.innovation.org; CBO, Research and 

Development in the Pharmaceutical Industry, 2006. 

Razvoj zdravil traja dlje kot v preteklosti 

in je zelo drag 

Developing a new medicine takes an average of 10 ï15 years; the Congressional 
Budget Office reports that ñrelatively few drugs survive the clinical trial processò   
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Quarter-century quest for malaria 

vaccine shows signs of success 

The long development of RTS,S, the leading malaria vaccine candidate, has 

yielded preliminary positive Phase III results, and laid a path for future success. 

After toiling for 25 years to create a malaria vaccine, scientists have reported 

the first Phase III promise. Interim results of an ongoing trial of the vaccine 

candidate RTS,S, manufactured by GlaxoSmithKline (GSK), show it provides 

children with nearly 50% protection from severe bouts of the disease. While the 

field awaits further results before being able to assess the vaccine's utility, its 

development has provided a key stepping stone on the road to malaria vaccine 

success. 

Nature Reviews Drug Discovery 10, 887-888 

 (December 2011) 



Kaj je prenos signala s proteazami? 

ÅPrenos signala s proteazami je ireverzibilna 

signalizacija, pri ļemer se signal prenaġa preko 

cepitve substratov in njihove spremenjene funkcije 

ÅProteaze regulirajo ġtevilne esencialne procese, kot 

npr. celiļni cikel, proliferacijo, imunski odziv, 

razgradnjo proteinov in organelov, celjenje ran, 

homeostazo, celiļno smrt, é  

ÅNapake v regulaciji delovanja proteaz vodijo do 

ġtevilnih bolezni, kot so med drugim kardiovaskularne 

bolezni, rak, imunske bolezni, osteoporoza in 

infekcije, zaradi ļesar so proteaze tarļe za 

zdravljenje ġtevilnih bolezni 

 

Turk B, (2006) Nat. Rev. Drug Disc 5, 785 



R 
Å ACE (angiotensin converting enzyme)  hypertension, cardiovascular disease, myocardial infarction 

Å HIV protease    AIDS 

Å Thrombin   thrombosis, stroke 

Å Factor Xa   thrombosis 

Å Human neutrophil elastase  respiratory disease 

Å MMP    periodontitis 

Å Trypsin    pancreatitis, inflammation 

Å Proteasome   cancer 

Å DPP IV    diabetes 

Å Renin    hypertension, heart failure, obesity  

Å Factor IXa   thrombosis 

Å Cathepsin K   osteoporosis 

Å Elastase   inflammation, psoriasis 

Å Caspase 1 (ICE)   inflammation, arthritis 

Å Tryptase (beta)   inflammation, asthma 

g-secretase   Alzheimer disease 

Å MMPs    cancer, rheumatoid arthritis 

Å Urokinase   cancer 

Å TACE    cancer, arthritis 

Å Factor VIIa   thrombosis 

Å Histone deacetylase   cancer 

Å Cathepsin S   rheumatoid arthritis, psoriasis 

Å ........ 

 

Å HCV NS3 protease   hepatitis C (viral infection) 

Å Rhinovirus 3C protease  viral infection 

 

 

Nepopoln spisek proteaz, katerih inhibitorji so 

 v kliniļnih testiranjih ali pa so zdravila,  

ki jih ciljajo ģe na trgu(modro) 



Turk, 2006, Nat Rev Drug Disc. 



Turk, 2006, Nat Rev Drug Disc. 



Ļas od odkritja do zaļetka trģenja 

zdravila pri proteazah 

Å ACE zaviralci (zdravljenje hipertenzije): 1956 -  cca 1990 

Å Zaviralci HIV proteaze (AIDS): cca 1983 ï 1991!!! 

Å Zaviralci proteasoma (bortezomib, Velcade; zdravljenje raka ï multipli 

mielom): 1993/94 (zaļetek resnega dela; sicer  encim odkrit 1980) ï 2006 

Å Zaviralci DPPIV (diabetes tipa II): 1996 (encim odkrit 1966)-2008 (Merck) 

Å Zaviralci renina (zdravljenje hipertenzije): 1940 ï 2008!!! 

Å Zaviralci trombina, Faktorja Xa (tromboza; koagulacijska kaskada odkrita v 

zaļetku 60-ih): ġe vedno se najveļ uporablja heparin (1916; frakcioniran LMW 

heparin od zacetka 80-ih) in analogi vitamina K (warfarin, 1941) ï 2008 

(rivaroxaban- Faktor Xa; Bayer), 2009 (dabigatran ïtrombin, Boehringer 

Ingelheim) 

Å Zaviralci katepsina K (osteoporoza): 1993/94 ï 2012/2013 (predvidoma) 

 

 



Zakaj tako malo spojin pride v kliniļno 

prakso? 

Åstranski uļinki (toksiļnost, neselektivnost, 

é) 

Åbiodostopnost 

Åneuļinkovitost 

Åni izboljġanja v primerjavi z obstojeļimi 

terapijami 

Åpomanjkljivo znanje o biologiji tarļ in 

molekularnih mehanizmih bolezni 

 



Kako zmanjġati tveganje? 

ÅIzboljġati poznavanje biologije (ABPs, 

proteomika, é) ï poiskati boljġe tarļe 

ÅIzboljġati biodostopnost in zmanjġati 

stranske uļinke (ciljani dostavni sistemi) 

Å (razviti boljġa zdravila) 



Eden najbolj znanih primerov so inhibitorji 

MMP za zdravljenje raka in RA 

Overall and Lopez-Otin, Nat Rev Cancer 2002 



CMK in FMK inhibitorji kaspaz inhibirajo tudi 

papainu sorodne cisteinske proteaze 

k2/K1 [s
-1
 M

-1
]  Z-DEVD-CMK Z-DEVD-FMK(OMe) Ac-YVAD -CMK Z-YVAD -FMK(OMe) Z-VAD-FMK 

papain          1 750             15 100          8 100           10 250         18 

cathepsin B          5 200               3 800        10 200                810         56 

cathepsin L        36 000 n.d.          1 900 n.d. n.d. 

cathepsin V      355 000             22 000        15 000                180         28 

cathepsin K             290 n.d.               26 n.d. n.d. 

cathepsin F        22 100 n.d.        11 900 n.d.        170 

cathepsin S        28 100 n.d.          6 900 n.d.        160 

cathepsin X              850 n.d           1000 600 n.d 

cathepsin H <10                   57               13                  43            1.5 

cathepsin C <10 n.d. <10 n.d. - 

legumain             660              1300 n.d n.d.       1200 

caspase 3     1000000              2000          <100 n.d.       6500 

 

Rozman Pungercar et al. (2003) Cell Death Diff. 10, 881-888 



Poznavanje biologije je kljuļ do 

uspeġne identifikacije in validacije tarļ 



Razumevanje celiļnih signalnih poti 

kljuļnega pomena za uspeġno terapijo in 

diagnostiko pri boleznih (identifikacija in 

validacija tarļ ter biomarkerjev) 

Å± ǾŜƭƛƪƻ ǇƻƳƻő  ǇǊƛ ǘŜƳ ǎƻ άƻƳƛƪŜέ 
ÅGenomika 
ÅTranskriptomika 
ÅProteomika 
ÅMetabolomika 
ÅΧ 
ÅV smer kompleksnega razumevanja procesov: 

sistemska biologija 



Proteomika na IJS: edinstveno v 

Sloveniji ïfinanļna podpora drģave 

LTQ Orbitrap Velos ETD Thermo 

Laboratorij za proteomiko na IJS 

temelji na osnovnem sistemu z ionsko pastjo, 

MS/MS sistemu z orbitalno pastjo 

 in Maldi TOF/TOF  sistemu 

Maldi TOF/TOF Flex Extreme Bruker 



Mehanizem programirane 

celiļne smrti 





Avtofagija in parazitske bolezni 

Mizushima et al., 2008 Nature 

Alvarez  et al., 2008 Autophagy 



V T. cruzi sistemu smo identificirali Atg8.1 kot funkcijski 

analog proteina Atg8 (humani LC3) ter cisteinsko 

proteazo Atg4.1 kot funkcijski homolog avtofaginov  

Alvarez  et al., 2008 JBC 



Pokazali, da je avtofagija kritiļno vkljuļena v 

diferenciacijo parazita T. cruzi ter tako validirali Atg4.1 

in avtofagijo nasploh kot tarļo za Chagasovo obolenje 

Alvarez  et al., 2008 JBC 



Vizualizacija procesov: 

pomemben doprinos k 

identifikaciji tarļ in diagnostiki   



3-D tomografija ï in vivo vizualizacija 

procesov s pomoļjo sond  



Substratne sonde (obrnjeni design) 

HaCaT HaCaT + E-64d HaCaT + CatS/L inh. 

AW-027 

Watzke et al., 2008, Angew Chem Intl Ed 


