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Kratka zgodovina nekaterih
mejnikov v medicini

460 BC Birth of Hippocrates
c.130 CE Birth of Galen
910 Persian physician Rhazes is the first to identify smallpox (koze)

1800 Sir Humphry Davy announces the anesthetic properties of nitrous
oxide

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.

1879 First vaccine for cholera

1899 Felix Hoffman develops aspirin (acetyl salicylic acid).

1922 Insulin first used to treat diabetes.

1928 Scottish bacteriologist Sir Alexander Fleming discovers penicillin.

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

1983 HIV, the virus that causes AIDS, is identified. Prva zdravila 1991
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http://www.infoplease.com/cgi-bin/id/A0827972
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svetu so kardiovaskularna obolenja in rak (ZDA 2006) ®
Rank Cause of Death Zlgét%fs fj"egfhas”
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 45344 1.9

Source: US Mortality Data 2006, National Center for Health Statistics,
Centers for Disease Control and Prevention, 2009.
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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)

Distribution of human African trypanosomiasis (T.b. gambiense), worldwide, 2010
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Chagasova bolezen
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Nameni zdravljenja

A Ozdravitev bolezni
Al zbol jganje kvalitete

A Neprimerno zdravljenje ali zdravljenje, ki
ga ni, predstavlja zelo veliko ekonomsko
breme za drughbo
AZgodnja diagnosti ka j
uspegnega zdravl ] enj é




Za vsako bolezen obstaja vedno
vV el kot ena t

AVpraganje za milijard
naj] bol jga?
A Vrhunsko znanje!



Razvoj zdravil traja dlje kot v pretekiosti
Injezeloedrag

Developing a new medicine takes an average of 10
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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 Il results, and laid a path for future success.

After toiling for 25 years to create a malaria vaccine, scientists have reported
the first Phase Ill 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?

A Prenos signala s proteazami je ireverzibilna
signali zaci j a, proi | e mer
cepitve substratov in njihove spremenjene funkcije
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Nepopoln spisek proteaz, katerih inhibitorji so
kKl 1T ni |l nih

Y
ki Jih cil  jmgdm) ge na t
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HIV protease
Thrombin
Factor Xa

MMP

Trypsin
Proteasome
DPP IV

Renin

Factor IXa
Cathepsin K
Elastase
Caspase 1 (ICE)
Tryptase (beta)
gsecretase
MMPs
Urokinase
TACE

Factor Vlla
Histone deacetylase
Cathepsin S
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HCV NS3 protease
Rhinovirus 3C protease

T I

ACE (angiotensin converting enzyme)

Human neutrophil elastase

hypertension, cardiovascular disease, myocardial infarction
AIDS

thrombosis, stroke
thrombosis

respiratory disease
periodontitis

pancreatitis, inflammation
cancer

diabetes

hypertension, heart failure, obesity
thrombosis

osteoporosis

inflammation, psoriasis
inflammation, arthritis
inflammation, asthma
Alzheimer disease

cancer, rheumatoid arthritis
cancer

cancer, arthritis

thrombosis

cancer

rheumatoid arthritis, psoriasis

hepatitis C (viral infection)
viral infection



Table 1| Protease inhibitors approved for clinical use

Indication

Hypertension,
myocardial infarction

Periodontitis

AlDS

Thrombosis

Thrombosis, unstable
angina

Respiratory diseass

Pancreatitis

Pancreatitis,
inflammation

Cancer

Compound

Captopril
Enalapril
Lisinopril
Trandalapril
Zofenopril
Ramipril
Moexipril
Imidapril
Perindopril
Qinapril
Fosinopril
Benazepril
Cilazapril

Periostat
Ritonavir

Amprenavir
Fosamprenavir
Atazanavir
Lopinavir
Indinavir
Saquinavir
Melfinavir mesylate
Ximelagatran®
Argatroban
Lepirudin
Desirudin

Fondaparinux
sodium (indirect)

Biwalirudin

Sivelestat

Camostat mesilate

Mafarmostat
mesilate

Bortezomib

Company Target

Bristol-Myers Squibb ACE
Merck

Astraleneca

Abbott

Menarini group

Aventis

Boehringer Mannheim

Trinity Pharmaceuticals

Daiichi Pharmaceutical, Servier/Solvay
Pfizer

Bristol-Myers Squibb

MNovartis

Roche

CollaGenex MMP1,

MMP2

Abbott HIV
protease

Vertex Pharmaceuticals, GlaxoSmithKline
ClaxoSmithKline

Bristol-Myers Squibb

Abbott

Merck

Hoffmann-La Roche

Pfizer

AstraZensca Thrombin
Mitsubishi Pharma

Awventis (Hoechst Marion Roussell)

Mowvartis

Sancfi Synthelabo Factor X

The Medicines Company

Ono Human

neutrophil

elastase

Ono Trypsin-like

Broad-
spectrum

JapanTobacco

Millennium

Protease
class

Metallo

Aspartic

Serine

Proteasome  Threonine

*Withdrawn fram production because of liver toxicity. ACE, angiotensin-corwverting enzyme; MMP matriz metalloproteinase.

Turk, 2006, Nat Rev Drug Disc.



a Renin inhibitors
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Aliskiren

b DPP IV inhibitors
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LAF 237 (Nowvartis) {BM5-477 18) ME-0431 (Merck)
Vildagliptin Saxagliptin Sitagliptin

€ Cathepsin K inhibitors

HiC.

AAE-581 A CRA-013783
{Mowvartis) - (o] g (Merck/ Celera Genomics)

5B-357114
[ClaxoSmithkling)

d MMP inhibitors

o o

Thiirane type nhibitor |

Copyright @ 2006 Mature Publishing Group
Mature Reviews |

Turk, 2006, Nat Rev Drug Disc.
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Las od odkritj] a
zdravila pri proteazah

ACE zaviralci (zdravljenje hipertenzije): 1956cca 1990
Zaviralci HIV proteaze (AIDS): cca 19831991!!!

Zaviralci proteasoma (bortezomib, Velcade; zdravljenje takaltipli
mi el om) : 1993/ 94 (zal etek rie200be g a

Zaviralci DPPIV (diabetes tipa II): 1996 (encim odkrit 192008 (Merck)
Zaviralci renina (zdravljenje hipertenzije): 194@008!!!

Zaviralci trombina, Faktorja Xa (tromboza; koagulacijska kaskada odkrita v
zal etiklu) ;6 0ge vedno se najvel wuporas
heparin od zacetka 8@) in analogi vitamina K (warfarin, 1941)2008

(rivaroxaban Faktor Xa; Bayer), 2009 (dabigatrammombin, Boehringer
Ingelheim)

Zaviralci katepsina K (osteoporoza): 1993/92012/2013 (predvidoma)



Zaka] tako mal o sp
prakso?

Astranski wulinki (toks
e )

A biodostopnost

Aneul i nkovitost

Ani i zboljganja v prim
terapijami

Apomanj kljivo znanje o
molekularnih mehanizmih bolezni



Kako zmanj gat

Al zbol jgati poznavanij
Droteomipal skat i b o
Al zbol jgati biodost op
stranske ulinke (ci

A(razviti boljga zdr a



Eden najbolj znanih primerov so inhibitorji
MMP za zdravljenje raka in RA

REVIEWS

Ta
Ini

Marnmastat BE Peptido mimetic Broad specirum

Non-peptidomimetc  MWP-2, 3,

Non-peptidomimelic  Broad specirum

Non-peptido mimetic
Neon-pepticdo mimet

H Ik ol g care
lormetian on i e ound NnBEFS & E finicalinials

Overall and Lopez-Otin, Nat Rev Cancer 2002



CMK in FMK inhibitorji kaspaz inhibirajo tudi
papainu sorodne cisteinske proteaze

ko/Ki[s'M?] Z-DEVD-CMK Z-DEVD-FMK(OMe) Ac-YVAD-CMK Z-YVAD-FMK(OMe) Z-VAD-FMK

papain 1750 15 100 8 100 10 250 18
cathepsin B 5200 3 800 10 200 810 56
cathepsin L 36 000 n.d. 1900 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
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Razumevanje cel il n
kl Jul nega pomena za
diagnostiko pri boleznih (identifikacija in

val il daci ja tarl] t
Ax OSEtA12 LI2Y26 LINR
A Genomika
A Transkriptomika
A Proteomika

A Metabolomika
A X

AV smer kompleksnega razumevanja procesov:
sistemska biologija




Proteomika na IJS: edinstveno v

Slovenijiif r nanl na podpo

Laboratorij za proteomiko na 1JS

temelji na osnovnem sistemu z ionsko pastjo,
MS/MS sistemu z orbitalno pastjo

in Maldi TOF/TOF sistemu

Maldi TOF/TOF Flex Extreme Bruker LTQ Orbitrap Velos ETD Thermo



Mehanizem programirane
c el ne s mr
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Table 1.

Phenotypes of Cysteine Cathepsine Knock-Out Mice

Vasiljeva et al.

Targeted Cysteine

Spontaneous Phenotype

Challenge Phenotype

neurological dizease [101]

Cathepsin
Cathepsin B - Absence of imnmume phenotype [91] -I Eeduced trypsinogen activation in experimental pancreatitis [205] l
- Impaired solubilization and processing of thyroglebulin | - Beduced TWNF-o induced hepatocyte apoptosis [44]
[204] -| Delayed development of mammary cancer and reduced metastasis
[80]
-| Beduced tumour vascularization and growth with impaired fumour
mvasion m RIP1-Tag? transgemic tumour model [34]
Cathepsin C - Lack of granzyme and chyimase activaton [102. 206] - Protection agamst autoimmmme expenmental arthrins [137, 207]
- Increased survival in sepsis [208]
Cathepsn F - Neuronal lipofuscinosis and progressive late-onset

Cathepsm K

- Osteopetrosts and mmpaired resorption of bone matrix,
phenocoping human pycnedysostosis [144, 143]

-| Beduced atherosclerosis progression and mereased plagque stability i
experimental atherosclerosis [209]

Impaired processing of thyroglebulin and reduced
release of thyroid hormene [204]

- Increased lung fibrosis after admimsoation of bleomyem [210]

Cathepsin L

Impaired hair follicle morphogenesis and cycling [37.
211]

Epidermal hyperplasia due to a hyperproliferation of
basal keratinecytes [37, 38]

- Dnlated cardiomyopathy [212, 213]

Impaired positive selection of T-helper cells [92. 214]

Eeduced enkephalin processing [215]

Impaired solubilization of thyroglebulin and reduced
release of thyroid hormene [204]

Decreased trabecular bone volume [140]

- Reduced endothelial progemitor cell dependent neovascularization in
a hind limb ischemia mode] [63]

- Reduced type 1 autommmune diabetes [216]

- Impaired tumour cell proliferation and growth in RTP1-Tag? tumour
model [34]

Cathepsin 5

Immune defect: impaired mvarant cham degradation m
antigen presenfting cells [93]

- Dimmished susceptibility to an expenmentally elicited autommmu-
mty, collagen-induced arthnins [93]

- Reduced atherosclerosis m atherosclerosis-prone LDL receptor—
deficient muce [217]

- Reduced wound-healing-asseciated necvasculanization [37]

- Decreased plaque size and the incidence of acute plague rupture m
animal mode] of spontaneous plague destabilization [218]

- Besistant to the development of experimental antoimmune myasthe-
ma gravis [219]

- Reduced angiogenesis and growth of solid tumours in RIP1-Tag2

ransgenic tumour model [34, 56]

Cathepsin W

- Absence of mnnme phenotype [220]




Avtofagija in parazitske bolezni
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Mizushima et al., 2008 Nature

Metacyclic
Trypomastigote

Epimastigote

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

HA-ATGE.1 HA-ATGR. @121 HA-ATGRZ HA-ATGS Z6N131Ak

Alvarez et al., 2008 JBC



Pokazali, da |J e avtofagi ]
diferenciacijo parazita T. cruzi ter tako validirali Atg4.1
I n avtofagijo nasploh kot t

Bright field AP anti-TcSCP anti-TcAtg3.1

Alvarez et al., 2008 JBC



Vizualizacija procesov:
pomemben doprinos k
|l denti fi1 kaci J I



3-D tomografija 1 in vivo vizualizacija
procesov S pomol

\

——

XENOGEN

nt
xel)

o
s

VIS 200
CCD Temp

o
(=]
frt

(electrons/sec/pi

Quantum Efficiency
Dark Curre

-100 -80 -60 -40 -20 -0

300 400 500 600 700 800 900 1000
Temperature (deg)

Wavelength (nm)




Substratne sonde (obrnjeni design)

HaCaT HaCaT +-B4d HaCaT + CatS/L inh.

Watzke et al., 2008, Angew Chem Intl Ed



