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    Přehled použitých zkratek


    
      
        
        
      

      
        
          	
            ABL

          

          	
            Abelson kináza

          
        


        
          	
            ACC

          

          	
            American College of Cardiology

          
        


        
          	
            ACCP

          

          	
            American College of Chest Physicians

          
        


        
          	
            ACE

          

          	
            angiotenzin konvertující enzym

          
        


        
          	
            ACEI

          

          	
            inhibitory angiotenzin konvertujícího enzym

          
        


        
          	
            ADCC

          

          	
            buněčná cytotoxicita závislá na protilátkách (antibody dependent cell cytotoxicity)

          
        


        
          	
            AI

          

          	
            aromatázové inhibitory

          
        


        
          	
            AIM

          

          	
            akutní infarkt myokardu

          
        


        
          	
            AKS

          

          	
            akutní koronární syndrom

          
        


        
          	
            AKT

          

          	
            serin-treoninová kináza, označovaná též proteinkiná-za B (PKB)

          
        


        
          	
            AL

          

          	
            primární amyloidóza (immunoglobulin light chain amyloidosis)

          
        


        
          	
            ALK

          

          	
            kináza anaplastického lymfomu

          
        


        
          	
            ALL

          

          	
            akutní lymfoblastová leukemie

          
        


        
          	
            AML

          

          	
            akutní myeloidní leukemie

          
        


        
          	
            AMPK

          

          	
            AMP aktivovaná proteinkináza

          
        


        
          	
            ANP

          

          	
            atriální natriuretický peptid

          
        


        
          	
            ASA

          

          	
            kyselina acetylsalicylová

          
        


        
          	
            ASCO

          

          	
            American Society of Clinical Oncology

          
        


        
          	
            ASK

          

          	
            aktivátor S-fáze kinázy

          
        


        
          	
            ATE

          

          	
            arteriální trombembolické příhody

          
        


        
          	
            ATP

          

          	
            – adenozintrifosfát

          
        


        
          	
            ATTR

          

          	
            transtyretinová amyloidóza

          
        


        
          	
            AV

          

          	
            atrioventrikulární

          
        


        
          	
            Bad

          

          	
            Bcl-2 antagonista buněčné smrti

          
        


        
          	
            Bak-1

          

          	
            Bcl-2 antagonista killer

          
        


        
          	
            Bax

          

          	
            Bcl-2 asociovaný X protein

          
        


        
          	
            Bcl-2

          

          	
            B-buněčný lymfom 2

          
        


        
          	
            BCNU

          

          	
            bis-chloroetylnitrózourea

          
        


        
          	
            Bcr-Abl

          

          	
            breakpoint cluster region-Abelson tyrosine kinase (fúzní protein)

          
        


        
          	
            BKK

          

          	
            blokátory kalciového kanálu

          
        


        
          	
            BMI

          

          	
            body mass index

          
        


        
          	
            BMS

          

          	
            barmetalový stent

          
        


        
          	
            BNP

          

          	
            mozkový natriuretický peptid (brain natriuretic peptid)

          
        


        
          	
            BRAF

          

          	
            gen, jehož mutace je sdružena s řadou nádorů

          
        


        
          	
            CAMK

          

          	
            CaM-kinase, Ca2+-kalmodulinkináza

          
        


        
          	
            cAMP

          

          	
            cyklický adenozinmonofosfát

          
        


        
          	
            CAT

          

          	
            malignita spojená s trombózou (cancer-associated thrombosis)

          
        


        
          	
            CBP

          

          	
            CREB vázající protein (CREB binding protein)

          
        


        
          	
            CBR

          

          	
            karbonyl-reduktáza

          
        


        
          	
            CDK

          

          	
            cyklin dependentní kináza

          
        


        
          	
            CK-MB

          

          	
            izoenzym MB kreatinkinázy

          
        


        
          	
            CLL

          

          	
            chronická lymfocytová leukemie

          
        


        
          	
            CML

          

          	
            chronická myeloidní leukemie

          
        


        
          	
            CMP

          

          	
            cévní mozková příhoda

          
        


        
          	
            CMR

          

          	
            kardiovaskulární magnetická rezonance

          
        


        
          	
            COG

          

          	
            Children’s Oncology Group (USA)

          
        


        
          	
            CREB

          

          	
            cAMP response element-binding protein

          
        


        
          	
            CREC

          

          	
            Cardiac Review and Evaluation Committee

          
        


        
          	
            CSF-1R

          

          	
            receptor pro faktor 1 stimulující kolonie (colony-stimulating factor 1 receptor)

          
        


        
          	
            CT

          

          	
            počítačová tomografie

          
        


        
          	
            CTCAE

          

          	
            Common terminology criteria for adverse events

          
        


        
          	
            CTCL

          

          	
            kožní T-buněčné lymfomy (cutaneous T-cell lymphoma)

          
        


        
          	
            CTLA-4

          

          	
            antigen cytotoxických T-lymfocytů (cytotoxic T-lymphocyte antigen)

          
        


        
          	
            cTnI, cTnT

          

          	
            kardiální troponiny T a I

          
        


        
          	
            CT-proET-1

          

          	
            C-terminální fragment pro endotelin 1

          
        


        
          	
            CYP

          

          	
            cytochrom P

          
        


        
          	
            DAG

          

          	
            diacylglycerol

          
        


        
          	
            DDR

          

          	
            discoidin domain receptor

          
        


        
          	
            DES

          

          	
            léčivem potažený stent (drug-eluting stent)

          
        


        
          	
            DIC

          

          	
            diseminovaná intravaskulární koagulace

          
        


        
          	
            DMSO

          

          	
            dimetylsulfoxid

          
        


        
          	
            DNR

          

          	
            daunorubicin

          
        


        
          	
            DOX

          

          	
            doxorubicin

          
        


        
          	
            DPD

          

          	
            dihydropyrimidin-dehydrogenáza

          
        


        
          	
            DT

          

          	
            decelerační čas

          
        


        
          	
            DUS

          

          	
            duplexní sonografie

          
        


        
          	
            DXA

          

          	
            dvojenergiová rentgenová absorpciometrie (dual-energy X-ray absorptiometry)

          
        


        
          	
            DZX

          

          	
            dexrazoxan

          
        


        
          	
            E/A

          

          	
            poměr rychlostí vln E a A transmitrálního průtoku

          
        


        
          	
            EBM

          

          	
            medicína založená na důkazech (evidence based medicine)

          
        


        
          	
            EDTA

          

          	
            etylendiaminotetraoctová kyselina

          
        


        
          	
            EFLK

          

          	
            ejekční frakce levé komory

          
        


        
          	
            EGF

          

          	
            epidermální růstový faktor (epidermal growth factor)

          
        


        
          	
            EGFR

          

          	
            receptor pro epidermální růstový faktor (epidermal growth factor receptor), označován též jako ERBB1

          
        


        
          	
            EKG

          

          	
            elektrokardiografie

          
        


        
          	
            EMA

          

          	
            European Medicines Agency

          
        


        
          	
            EMB

          

          	
            endomyokardiální biopsie

          
        


        
          	
            eNOS

          

          	
            endotelová syntáza oxidu dusnatého

          
        


        
          	
            EpCAM

          

          	
            epitelová buněčná adhezní molekula (epithelial cellular adhesion molecule)

          
        


        
          	
            EPO

          

          	
            erytropoetin

          
        


        
          	
            ER

          

          	
            endoplazmatické retikulum

          
        


        
          	
            ERBB

          

          	
            rodina receptorových kináz

          
        


        
          	
            ERK

          

          	
            extracelulární signál regulující kináza (extracellular signal-related kinase)

          
        


        
          	
            ESMO

          

          	
            European Society for Medical Oncology

          
        


        
          	
            FAK

          

          	
            kináza pro fokální adhezi (focal adhesion kinase)

          
        


        
          	
            FDA

          

          	
            Food and Drug Administration

          
        


        
          	
            FGF

          

          	
            růstový faktor pro fibroblasty (fibroblast growth factor)

          
        


        
          	
            FGFR

          

          	
            receptor pro růstový faktor pro fibroblasty (fibroblast growth factor receptor)

          
        


        
          	
            FLT-3

          

          	
            tyrozinkináza podobná FMS (FMS-like tyrosinkinase 3)

          
        


        
          	
            FU

          

          	
            fluorouracil

          
        


        
          	
            GATA4

          

          	
            GATA vázající protein 4

          
        


        
          	
            GIST

          

          	
            gastrointestinální stromální nádor

          
        


        
          	
            GvHD

          

          	
            reakce štěpu proti hostiteli (graft versus host disease)

          
        


        
          	
            HDAC

          

          	
            histondeacetyláza

          
        


        
          	
            HEGFR (HER)

          

          	
            receptor pro HEGF (human epidermal (growth factor) receptor)

          
        


        
          	
            hERG

          

          	
            human ether-á-go-go related gene

          
        


        
          	
            HIF

          

          	
            hypoxií indukovatelné faktory (hypoxia inducible factors)

          
        


        
          	
            HIV

          

          	
            virus lidské imunodeficience (human immunodeficiency virus)

          
        


        
          	
            HO

          

          	
            hydroxylový radikál

          
        


        
          	
            HŽT

          

          	
            hluboká žilní trombóza

          
        


        
          	
            ICD

          

          	
            implantabilní kardioverter-defibrilátor

          
        


        
          	
            ICOS

          

          	
            International Cardioncology Society

          
        


        
          	
            IFN

          

          	
            interferon

          
        


        
          	
            IGF

          

          	
            růstový faktor podobný inzulinu (insuline-like growth factor)

          
        


        
          	
            ICHS

          

          	
            ischemická choroba srdce

          
        


        
          	
            IL

          

          	
            interleukin

          
        


        
          	
            ILK

          

          	
            s integrinem spojená kináza (integrin-linked kinase)

          
        


        
          	
            IM

          

          	
            infarkt myokardu

          
        


        
          	
            I-MIBG

          

          	
            jod123-metajodobenzylguanidin

          
        


        
          	
            IP3

          

          	
            inozitoltrifosfát

          
        


        
          	
            IRE

          

          	
            iron responsive element

          
        


        
          	
            IRM

          

          	
            imatinib rezistentní mutované (Abl)

          
        


        
          	
            IVRT

          

          	
            izovolumický relaxační čas

          
        


        
          	
            JAK

          

          	
            Janusova kináza

          
        


        
          	
            JAK-STAT

          

          	
            Janus activated kinase-signal transducers and activators of transcription

          
        


        
          	
            KD

          

          	
            kumulativní dávka

          
        


        
          	
            KIT

          

          	
            tyrozinkinázový receptor pro faktor kmenových buněk

          
        


        
          	
            KMP

          

          	
            kardiomyopatie

          
        


        
          	
            KO

          

          	
            knock-out (s vyřazeným genem)

          
        


        
          	
            KRAS

          

          	
            onkogen KRAS (Kirsten rat sarcoma viral oncogene homolog)

          
        


        
          	
            LGE

          

          	
            pozdní gadoliniové zesílení (late gadolinium enhancement)

          
        


        
          	
            LMWH

          

          	
            heparin s nízkou molekulovou hmotností (low molecular weight heparin)

          
        


        
          	
            LQTS

          

          	
            syndrom prodlouženého QT intervalu (long QT syndrome)

          
        


        
          	
            LVEDD

          

          	
            enddiastolický diametr levé komory (left ventricular end-diastolic diameter)

          
        


        
          	
            MAPK

          

          	
            mitogenem aktivovaná proteinkináza (mitogen-activated protein kinase)

          
        


        
          	
            MCP-1

          

          	
            protein atrahující makrofágy

          
        


        
          	
            MDR

          

          	
            multiple drug resistance gene

          
        


        
          	
            MDS

          

          	
            myelodysplastický syndrom

          
        


        
          	
            MDS/MPD

          

          	
            myelodysplastické a myeloproliferativní onemocnění

          
        


        
          	
            MEK (1–6)

          

          	
            MAPK/ERK kináza (mitogen-activated ERK kinase)

          
        


        
          	
            MET

          

          	
            receptor pro růstový faktor hepatocytů

          
        


        
          	
            MIP1

          

          	
            protein inhibující migraci makrofágů

          
        


        
          	
            MLC

          

          	
            lehké myozinové řetězce (myosin light chain)

          
        


        
          	
            MM-CK

          

          	
            izoenzym kreatinkinázy

          
        


        
          	
            mPTP

          

          	
            mitochondriální „permeability transition“ pór

          
        


        
          	
            MR

          

          	
            magnetická rezonance

          
        


        
          	
            mRCC

          

          	
            metastatický renální karcinom

          
        


        
          	
            mRNA

          

          	
            mesengerová RNA

          
        


        
          	
            MRP

          

          	
            multidrug resistence associated protein

          
        


        
          	
            MR-proADM

          

          	
            mid-regionální fragment pro adrenomedulin

          
        


        
          	
            mtDNA

          

          	
            mitochondriální DNA

          
        


        
          	
            mTOR

          

          	
            savčí rapamycinový cílový receptor (mammalian target of rapamycin receptor)

          
        


        
          	
            MUGA

          

          	
            multigated acquisition scan

          
        


        
          	
            NAD(P)H

          

          	
            nikotinamid-dinukleotid-(fosfát)-hydrogenáza

          
        


        
          	
            NAP

          

          	
            nestabilní angina pectoris

          
        


        
          	
            NCCN

          

          	
            National Comprehensive Cancer Network

          
        


        
          	
            NET

          

          	
            neuroendokrinní karcinom

          
        


        
          	
            NF-kB

          

          	
            nukleární faktor kappa B (nuclear factor kappa B)

          
        


        
          	
            NHL

          

          	
            non-Hodgkinův lymfom

          
        


        
          	
            NKS

          

          	
            náhlá kardiální smrt

          
        


        
          	
            NO

          

          	
            oxid dusnatý

          
        


        
          	
            NRG

          

          	
            neuregulin

          
        


        
          	
            NSCLC

          

          	
            nemalobuněčný karcinom plic (non-small-cell lung cancer)

          
        


        
          	
            NSTEMI

          

          	
            infarkt myokardu bez elevací úseku ST

          
        


        
          	
            NT-proANP

          

          	
            N-terminální fragment pro atriální natriuretický peptid

          
        


        
          	
            NT-proBNP

          

          	
            N-terminální fragment pro mozkový natriuretický peptid

          
        


        
          	
            NYHA

          

          	
            klasifikace New York Heart Association

          
        


        
          	
            ONOO

          

          	
            peroxynitritový anion

          
        


        
          	
            PDGFR

          

          	
            receptor pro trombocytový růstový faktor (platelet-derived growth factor receptor)

          
        


        
          	
            PE

          

          	
            plicní embolie

          
        


        
          	
            PET

          

          	
            pozitronová emisní tomografie

          
        


        
          	
            Ph

          

          	
            filadelfský chromozom (Philadelphia chromozom)

          
        


        
          	
            PI3K

          

          	
            fosfatidyl-inositol-3-kináza

          
        


        
          	
            PKA

          

          	
            proteinkináza A

          
        


        
          	
            PKB

          

          	
            proteinkináza B

          
        


        
          	
            PKC

          

          	
            proteinkináza C

          
        


        
          	
            PKI

          

          	
            perkutánní koronární intervence

          
        


        
          	
            PLK

          

          	
            polo-like kinázy

          
        


        
          	
            PLK

          

          	
            první lékařský kontakt

          
        


        
          	
            PNET

          

          	
            neuroendokrinní nádory pankreatického původu

          
        


        
          	
            PTEN

          

          	
            phosphatase and tensin homologue tumor supresor

          
        


        
          	
            PW

          

          	
            pulse wave

          
        


        
          	
            RAAS

          

          	
            renin-angiotenzin-aldosteronový systém

          
        


        
          	
            Raf kináza

          

          	
            kináza mající vztah k retrovirovým onkogenům

          
        


        
          	
            RAF

          

          	
            faktor asociovaný s RAS (RAS-associated factor)

          
        


        
          	
            RAG

          

          	
            recombinase activating gene

          
        


        
          	
            RAR

          

          	
            receptor pro kyselinu retinovou (retinoic acid receptor)

          
        


        
          	
            RAS

          

          	
            Rous adenosarcoma – protein účastnící se přenosu mitogenního signálu

          
        


        
          	
            RCC

          

          	
            karcinom ledviny (renal cell carcinoma)

          
        


        
          	
            REE

          

          	
            klidový energetický výdej (resting energy expenditure)

          
        


        
          	
            RET

          

          	
            receptor pro neurotrofický faktor odvozený od gliové linie buněk (rearranged during transfection)

          
        


        
          	
            RISK

          

          	
            reperfusion injury salvage kinase

          
        


        
          	
            RNA

          

          	
            radionuklidová angiografie

          
        


        
          	
            RNVG

          

          	
            radionuklidová ventrikulografie

          
        


        
          	
            ROS

          

          	
            reaktivní formy kyslíku (reactive oxygen species)

          
        


        
          	
            RT

          

          	
            radioterapie

          
        


        
          	
            RyR

          

          	
            ryanodinové receptory

          
        


        
          	
            S6K

          

          	
            ribozomová S6-kináza

          
        


        
          	
            SA

          

          	
            sérový amyloid

          
        


        
          	
            SAM

          

          	
            systolický dopředný pohyb mitrální chlopně (systolic anterior movement of the mitral valve)

          
        


        
          	
            SEER

          

          	
            databáze Surveillance, Epidemiology and End Results

          
        


        
          	
            SIKMP

          

          	
            stresem indukovaná kardiomyopatie

          
        


        
          	
            SNP

          

          	
            jednonukleotidový polymorfismus (single nucleotid polymorphism)

          
        


        
          	
            SPECT

          

          	
            jednofotonová emisní počítačová tomografie (single-photon emision computed tomography)

          
        


        
          	
            SRC

          

          	
            cellular Rous sarcoma viral oncogene homolog

          
        


        
          	
            SSA

          

          	
            senilní systémová amyloidóza

          
        


        
          	
            STAT (3/5)

          

          	
            signální transducer a aktivátor transkripce 3/5 (signal transducer and activator of transcription 3/5)

          
        


        
          	
            STEMI

          

          	
            akutní infarkt myokardu s elevacemi úseku ST

          
        


        
          	
            TBI

          

          	
            celotělové ozáření (total body irradiation)

          
        


        
          	
            TDI

          

          	
            tkáňové dopplerovské zobrazení (tissue Doppler imaging)

          
        


        
          	
            TdP

          

          	
            torsade de pointes

          
        


        
          	
            TEE

          

          	
            transezofageální echokardiografie

          
        


        
          	
            TGF

          

          	
            transformující růstový faktor (transforming growth factor)

          
        


        
          	
            TIA

          

          	
            tranzitorní ischemická ataka

          
        


        
          	
            TK

          

          	
            tyrozinkináza

          
        


        
          	
            TKB

          

          	
            transplantace krvetvorných buněk

          
        


        
          	
            TKI

          

          	
            tyrozinkinázové inhibitory

          
        


        
          	
            TKKB

          

          	
            transplantace krvetvorných kmenových buněk

          
        


        
          	
            TNF-α

          

          	
            nádory nekrotizující faktor alfa (tumor necrosis factor alpha)

          
        


        
          	
            TnT

          

          	
            troponin T

          
        


        
          	
            TTE

          

          	
            dvojdimenzionální transtorakální echokardiografie

          
        


        
          	
            TTR

          

          	
            transtyretin

          
        


        
          	
            UPK

          

          	
            ubikvitin-proteazomový komplex

          
        


        
          	
            UPS

          

          	
            ubikvitin-proteazomový systém

          
        


        
          	
            VATS

          

          	
            videoasistovaná torakoskopie

          
        


        
          	
            VEGF

          

          	
            vaskulární endotelový růstový faktor (vascular endothelial growth factor)

          
        


        
          	
            VEGFR

          

          	
            receptor pro vaskulární endotelový růstový faktor (vascular endothelial growth factor receptor)

          
        


        
          	
            VTE

          

          	
            venózní trombembolismus

          
        


        
          	
            vWF

          

          	
            von Willebrandův faktor

          
        

      
    

  


  
    Úvod


    Beata Mladosievičová


    Kardiologické komplikace související s protinádorovou léčbou nebo se samotným onkologickým onemocněním se podobně jako situace, kdy se u kardiologického pacienta diagnostikuje nádorové onemocnění, stávají natolik složitými, že přestávají být prioritou jediného oboru. V současnosti se na více renomovaných pracovištích ve světě profiluje nová disciplína, ve které se prolíná kardiologie s onkologií – kardioonkologie. Kardioonkologie však není pouze klinickou disciplínou zaměřenou na užší propojení kardiologů s onkology, ale zasahuje i do oblasti translační medicíny.


    Kardioonkologie si klade ambiciózní cíl – udržet dobrou kvalitu kardiovaskulárního stavu onkologických pacientů při zachování efektivity léčby. Snaží se především o definici rizika poškození srdce a cév před podáváním kardiotoxické léčby i po jejím ukončení, o získávání reálného obrazu o skutečné dimenzi tohoto problému v běžné populaci onkologických pacientů, o adekvátní prevenci, monitorování a léčbu kardiovaskulárních komplikací a v neposlední řadě i o vypracování doporučení pro jejich včasnou diagnostiku a dlouhodobé sledování pacientů po protinádorové léčbě.


    Důvodem napsání druhého přepracovaného vydání knihy byl prudký nárůst poznatků v oblasti problematiky kardiovaskulárních onemocnění onkologických pa­cientů, které v mnohém mění názory na tuto problematiku.


    V posledních letech jsme svědky rozšiřování spektra kardiotoxických protinádorových léčiv, která mohou způsobit dočasné funkční poruchy, ale i trvalé ireverzibilní poškození myokardu, perikardu, chlopní, převodního a cévního systému i poruchy krevního tlaku, trombembolické příhody a další komplikace.


    Pozdní kardiovaskulární následky protinádorové léčby jsou komplexním problémem, který představuje významný posun ve vnímání kardiotoxicity zejména u pa­cientů s kurabilními malignitami.


    V posledních čtyřech desetiletích vzrostl celosvětově počet vyléčených onkologických pacientů čtyřnásobně. Dlouhodobě přežívá přibližně polovina dospělých a dvě třetiny dětských pacientů s nádorovými onemocněními. Zejména u těchto pacientů s příznivou prognózou je nezbytné prozíravě podávat adekvátní léčbu, která musí být dostatečně efektivní na nádorové onemocnění při respektování její kardiovaskulární bezpečnosti.


    V současnosti narůstá význam kardiotoxicity cílené léčby. Vzhledem k tomu, že tato léčba je více specifická než klasická chemoterapie, očekávalo se, že bude i méně toxická. Dosavadní klinické zkušenosti však nepotvrzují naděje, že cílené látky (mono­klonální protilátky a tyrozinkinázové inhibitory) nebudou spojeny se závažnou kardiovaskulární toxicitou. Neustále přibývají poznatky o zásazích cílené léčby do signálních drah, které souvisejí s růstem a přežíváním kardiomyocytů a jiných typů buněk v srdci a cévách.


    Kardiovaskulární riziko u onkologických pacientů nemusí souviset pouze s kardiotoxicitou protinádorové léčby. Může vzniknout i v důsledku léčby jinými – nejen protinádorovými – farmaky používanými v onkologické praxi.


    Změny na srdci a cévách se objevují i v případech, kdy protinádorová léčba nepříznivě ovlivní produkci různých hormonů, případně způsobí jiné orgánové poškození.


    Poškození srdce a cév může vyvolat i samotné onkologické onemocnění. Nádorové onemocnění může nejednou limitovat léčbu kardiovaskulárních problémů. To se týká zejména onkologických pacientů s diagnózou akutního koronárního syndromu, náhlé cévní mozkové příhody, fibrilace síní a dalších, které vznikly před protinádorovou léčbou nebo v jejím průběhu.


    Kardiovaskulární komplikace nabývají stále většího významu i v souvislosti s trendem stárnutí populace.


    Možnosti diagnostiky kardiovaskulárních problémů onkologických pacientů se neustále rozšiřují. Rezervy jsou stále především v oblasti znalosti prediktorů klinicky závažné kardiotoxicity. Chybí prospektivní klinické studie zaměřené na efektivnost, přínos a rizika screeningu pozdějších kardiologických komplikací u asymptomatických pacientů. Co však vědecké studie přesvědčivě dokázaly, je vysoký výskyt poškození srdce a cév u onkologických pacientů. Možnosti příznivého ovlivnění jejich kardiovaskulárního stavu jsou dnes při otevřeném dialogu kardiologů, onkologů a dalších odborníků v mnohých případech nezpochybnitelné.

  


  
    1Srdce jako multicelulární a multisignální systém


    Beata Mladosievičová


    Srdce se považuje za složitý parakrinní systém, ve kterém se uplatňuje více typů buněk, růstových faktorů, receptorů a signálních drah.


    I když myocyty tvoří asi 80 % masy myokardu, z celkového počtu buněk přítomných v srdci tvoří přibližně pouze 20 %. K dalším typům buněk v srdci patří kmenové/progenitorové buňky, fibroblasty, endotelové buňky, hladkosvalové buňky, adipocyty a jiné. Tyto buňky poskytují myocytům trofickou i strukturální podporu. Endotelové buňky a fibroblasty mohou být na toxické účinky antracyklinů senzitivnější než myocyty. Je pravděpodobné, že změny v extracelulární matrix a též v parakrinní signalizaci vznikají v předstihu před poškozením kardiomyocytů.


    Mnohé růstové faktory, receptory růstových faktorů, signální molekuly a tran-­s­kripční faktory, které se uplatňují v progresi nádorů, mají zároveň kardioprotektivní účinek. V nádorových buňkách slouží pro jejich proliferaci a přežívání, ale i v buňkách myokardu jsou potřebné pro jejich přežívání a metabolismus (obr. 1.1).
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        Obr. 1.1 Významné signální dráhy v srdci (upraveno podle Force T, Kolaja KL. Nat Rev Drug Discov, 2011)

      

    


    Role důležitých kináz v srdci a cévách je uvedena v tabulce 1.1. Zablokováním těchto molekul (důležitých pro kardiomyocyty) protinádorovou léčbou se může indukovat kardiovaskulární poškození. Například signální dráha RAS-RAF-MAPK-ERK1/2 má roli při udržování myofibrilární struktury. Proteinkináza mTOR má důležitou roli v buněčném metabolismu myocytů a v procesu konzervování jejich energetických zásob.


    Tab. 1.1 Role důležitých kináz v srdci a cévách (volně podle Force a Kolaja, 2011)


    
      
        
        
        
      

      
        
          	
            Kináza

          

          	
            Animální model na myších

          

          	
            Úloha kinázy v srdci/vaskulatuře

          
        


        
          	
            AKT 1–3

          

          	
            KO, transgenní

          

          	
            regulace přežívání, růstu a metabolismu kardiomyocytů a progenitorových buněk v srdci

          
        


        
          	
            AMPK

          

          	
            KO, transgenní

          

          	
            senzor energie, ochrana energetických zásob v kardiomyocytech

          
        


        
          	
            Aurora kinázy

          

          	
            podání kinázového inhibitoru

          

          	
            regulace mitózy kardiomyocytů a progenitorových buněk v srdci

          
        


        
          	
            EGFR

          

          	
            podání kinázového inhibitoru

          

          	
            signalizace pro přežívání kardiomyocytů, udržování funkce LK

          
        


        
          	
            ERBB2


            ERBB4

          

          	
            KO, transgenní

          

          	
            signalizace pro přežívání kardiomyocytů, udržování funkce LK

          
        


        
          	
            ERK1/2

          

          	
            KO, transgenní

          

          	
            přežívání kardiomyocytů, modifikace fyziologické hypertrofie myokardu

          
        


        
          	
            FAK

          

          	
            KO

          

          	
            antihypertrofický, antifibrotický účinek

          
        


        
          	
            KIT

          

          	
            podání kinázového inhibitoru

          

          	
            diferenciace progenitorových buněk v srdci a nezralých kardiomyocytů

          
        


        
          	
            mTOR (C1)

          

          	
            podání kinázového inhibitoru

          

          	
            regulace syntézy proteinů

          
        


        
          	
            PDGFR

          

          	
            KO, podání kinázového inhibitoru

          

          	
            angiogeneze

          
        


        
          	
            PI3Kγ

          

          	
            KO

          

          	
            regulace patologické hypertrofie a kontraktility

          
        


        
          	
            RAF1/BRAF

          

          	
            KO, transgenní

          

          	
            antiapoptotický a protektivní účinek na LK

          
        


        
          	
            VEGFR

          

          	
            podání monoklonální protilátky, inhibitoru, KO

          

          	
            klíčový účinek v angiogenezi a v odpovědi srdce na tlakové přetížení

          
        

      
    


    Nejen v intrauterinním, ale i v postnatálním období se v srdci nacházejí kmenové/progenitorové buňky, ze kterých se mohou v experimentálních podmínkách po limitovaném počtu dělení diferencovat kardiomyocyty, endotelové buňky a jiné buňky v srdci. Některé nové studie poukazují na to, že poškození kmenových/progenitorových buněk v srdci protinádorovou léčbou může souviset s neschopností regenerace myokardu v pozdějším období.


    Ačkoli replikace DNA v srdci pokračuje i po narození, cytokineze se zastavuje – srdce se považuje za postmitotický orgán. Stimulace kardiomyocytů růstovými faktory a cytokiny v postnatálním období vede k hypertrofii. V experimentálních podmínkách byla nedávno demonstrována proliferace dospělých kardiomyocytů po stimulaci receptorů ERBB3 a ERBB4 ligandem neuregulinem. Zdá se, že kardiomyocyty se vyznačují pomalým obratem v průběhu celého života.


    Některé cílené látky (například tyrozinkinázové inhibitory) mohou zasahovat do signalizace potřebné pro mobilizaci reparačních buněk v srdci prostřednictvím molekuly KIT. Inhibice KIT signalizace navozená protinádorovou léčbou může vést k nedostatečné remodelaci srdce a jeho dysfunkci.


    Důležitým zjištěním je to, že epikard může představovat niku (hnízdo) pro usídlení pluripotentních progenitorových buněk v srdci.


    Srdce potřebuje pro svůj růst a remodelaci při zátěži adekvátní perfuzi. V procesu angiogeneze se uplatňují vaskulární endotelový růstový faktor (VEGF) a hypoxií indukovatelné transkripční faktory (HIF).


    Angiogenní kapacitu kardiomyocytů parakrinně reguluje receptor pro trombocytový růstový faktor beta (PDGFR-β).


    Při kardiotoxickém působení protinádorové léčby byl pozorován porušený „cross talk“ mezi mikrovaskulaturou a kardiomyocyty.


    Důležité poškozující a protektivní mechanismy uplatňující se při patogenezi kardiotoxicity jsou uvedeny na obrázku 1.2.
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        Obr. 1.2 Poškozující a protektivní mechanismy v srdci (upraveno podle Khakoo AY a spol. Texas Heart Inst J, 2011)
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                    GNU GENERAL PUBLIC LICENSE
                       Version 3, 29 June 2007

 Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.

                            Preamble

  The GNU General Public License is a free, copyleft license for
software and other kinds of works.

  The licenses for most software and other practical works are designed
to take away your freedom to share and change the works.  By contrast,
the GNU General Public License is intended to guarantee your freedom to
share and change all versions of a program--to make sure it remains free
software for all its users.  We, the Free Software Foundation, use the
GNU General Public License for most of our software; it applies also to
any other work released this way by its authors.  You can apply it to
your programs, too.

  When we speak of free software, we are referring to freedom, not
price.  Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new
free programs, and that you know you can do these things.

  To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights.  Therefore, you have
certain responsibilities if you distribute copies of the software, or if
you modify it: responsibilities to respect the freedom of others.

  For example, if you distribute copies of such a program, whether
gratis or for a fee, you must pass on to the recipients the same
freedoms that you received.  You must make sure that they, too, receive
or can get the source code.  And you must show them these terms so they
know their rights.

  Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

  For the developers' and authors' protection, the GPL clearly explains
that there is no warranty for this free software.  For both users' and
authors' sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

  Some devices are designed to deny users access to install or run
modified versions of the software inside them, although the manufacturer
can do so.  This is fundamentally incompatible with the aim of
protecting users' freedom to change the software.  The systematic
pattern of such abuse occurs in the area of products for individuals to
use, which is precisely where it is most unacceptable.  Therefore, we
have designed this version of the GPL to prohibit the practice for those
products.  If such problems arise substantially in other domains, we
stand ready to extend this provision to those domains in future versions
of the GPL, as needed to protect the freedom of users.

  Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of
software on general-purpose computers, but in those that do, we wish to
avoid the special danger that patents applied to a free program could
make it effectively proprietary.  To prevent this, the GPL assures that
patents cannot be used to render the program non-free.

  The precise terms and conditions for copying, distribution and
modification follow.

                       TERMS AND CONDITIONS

  0. Definitions.

  "This License" refers to version 3 of the GNU General Public License.

  "Copyright" also means copyright-like laws that apply to other kinds of
works, such as semiconductor masks.

  "The Program" refers to any copyrightable work licensed under this
License.  Each licensee is addressed as "you".  "Licensees" and
"recipients" may be individuals or organizations.

  To "modify" a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of an
exact copy.  The resulting work is called a "modified version" of the
earlier work or a work "based on" the earlier work.

  A "covered work" means either the unmodified Program or a work based
on the Program.

  To "propagate" a work means to do anything with it that, without
permission, would make you directly or secondarily liable for
infringement under applicable copyright law, except executing it on a
computer or modifying a private copy.  Propagation includes copying,
distribution (with or without modification), making available to the
public, and in some countries other activities as well.

  To "convey" a work means any kind of propagation that enables other
parties to make or receive copies.  Mere interaction with a user through
a computer network, with no transfer of a copy, is not conveying.

  An interactive user interface displays "Appropriate Legal Notices"
to the extent that it includes a convenient and prominently visible
feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the
extent that warranties are provided), that licensees may convey the
work under this License, and how to view a copy of this License.  If
the interface presents a list of user commands or options, such as a
menu, a prominent item in the list meets this criterion.

  1. Source Code.

  The "source code" for a work means the preferred form of the work
for making modifications to it.  "Object code" means any non-source
form of a work.

  A "Standard Interface" means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that
is widely used among developers working in that language.

  The "System Libraries" of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form.  A
"Major Component", in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system
(if any) on which the executable work runs, or a compiler used to
produce the work, or an object code interpreter used to run it.

  The "Corresponding Source" for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts to
control those activities.  However, it does not include the work's
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work.  For example, Corresponding Source
includes interface definition files associated with source files for
the work, and the source code for shared libraries and dynamically
linked subprograms that the work is specifically designed to require,
such as by intimate data communication or control flow between those
subprograms and other parts of the work.

  The Corresponding Source need not include anything that users
can regenerate automatically from other parts of the Corresponding
Source.

  The Corresponding Source for a work in source code form is that
same work.

  2. Basic Permissions.

  All rights granted under this License are granted for the term of
copyright on the Program, and are irrevocable provided the stated
conditions are met.  This License explicitly affirms your unlimited
permission to run the unmodified Program.  The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work.  This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

  You may make, run and propagate covered works that you do not
convey, without conditions so long as your license otherwise remains
in force.  You may convey covered works to others for the sole purpose
of having them make modifications exclusively for you, or provide you
with facilities for running those works, provided that you comply with
the terms of this License in conveying all material for which you do
not control copyright.  Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of
your copyrighted material outside their relationship with you.

  Conveying under any other circumstances is permitted solely under
the conditions stated below.  Sublicensing is not allowed; section 10
makes it unnecessary.

  3. Protecting Users' Legal Rights From Anti-Circumvention Law.

  No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such
measures.

  When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such circumvention
is effected by exercising rights under this License with respect to
the covered work, and you disclaim any intention to limit operation or
modification of the work as a means of enforcing, against the work's
users, your or third parties' legal rights to forbid circumvention of
technological measures.

  4. Conveying Verbatim Copies.

  You may convey verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and
appropriately publish on each copy an appropriate copyright notice;
keep intact all notices stating that this License and any
non-permissive terms added in accord with section 7 apply to the code;
keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.

  You may charge any price or no price for each copy that you convey,
and you may offer support or warranty protection for a fee.

  5. Conveying Modified Source Versions.

  You may convey a work based on the Program, or the modifications to
produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these conditions:

    a) The work must carry prominent notices stating that you modified
    it, and giving a relevant date.

    b) The work must carry prominent notices stating that it is
    released under this License and any conditions added under section
    7.  This requirement modifies the requirement in section 4 to
    "keep intact all notices".

    c) You must license the entire work, as a whole, under this
    License to anyone who comes into possession of a copy.  This
    License will therefore apply, along with any applicable section 7
    additional terms, to the whole of the work, and all its parts,
    regardless of how they are packaged.  This License gives no
    permission to license the work in any other way, but it does not
    invalidate such permission if you have separately received it.

    d) If the work has interactive user interfaces, each must display
    Appropriate Legal Notices; however, if the Program has interactive
    interfaces that do not display Appropriate Legal Notices, your
    work need not make them do so.

  A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger program,
in or on a volume of a storage or distribution medium, is called an
"aggregate" if the compilation and its resulting copyright are not
used to limit the access or legal rights of the compilation's users
beyond what the individual works permit.  Inclusion of a covered work
in an aggregate does not cause this License to apply to the other
parts of the aggregate.

  6. Conveying Non-Source Forms.

  You may convey a covered work in object code form under the terms
of sections 4 and 5, provided that you also convey the
machine-readable Corresponding Source under the terms of this License,
in one of these ways:

    a) Convey the object code in, or embodied in, a physical product
    (including a physical distribution medium), accompanied by the
    Corresponding Source fixed on a durable physical medium
    customarily used for software interchange.

    b) Convey the object code in, or embodied in, a physical product
    (including a physical distribution medium), accompanied by a
    written offer, valid for at least three years and valid for as
    long as you offer spare parts or customer support for that product
    model, to give anyone who possesses the object code either (1) a
    copy of the Corresponding Source for all the software in the
    product that is covered by this License, on a durable physical
    medium customarily used for software interchange, for a price no
    more than your reasonable cost of physically performing this
    conveying of source, or (2) access to copy the
    Corresponding Source from a network server at no charge.

    c) Convey individual copies of the object code with a copy of the
    written offer to provide the Corresponding Source.  This
    alternative is allowed only occasionally and noncommercially, and
    only if you received the object code with such an offer, in accord
    with subsection 6b.

    d) Convey the object code by offering access from a designated
    place (gratis or for a charge), and offer equivalent access to the
    Corresponding Source in the same way through the same place at no
    further charge.  You need not require recipients to copy the
    Corresponding Source along with the object code.  If the place to
    copy the object code is a network server, the Corresponding Source
    may be on a different server (operated by you or a third party)
    that supports equivalent copying facilities, provided you maintain
    clear directions next to the object code saying where to find the
    Corresponding Source.  Regardless of what server hosts the
    Corresponding Source, you remain obligated to ensure that it is
    available for as long as needed to satisfy these requirements.

    e) Convey the object code using peer-to-peer transmission, provided
    you inform other peers where the object code and Corresponding
    Source of the work are being offered to the general public at no
    charge under subsection 6d.

  A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be
included in conveying the object code work.

  A "User Product" is either (1) a "consumer product", which means any
tangible personal property which is normally used for personal, family,
or household purposes, or (2) anything designed or sold for incorporation
into a dwelling.  In determining whether a product is a consumer product,
doubtful cases shall be resolved in favor of coverage.  For a particular
product received by a particular user, "normally used" refers to a
typical or common use of that class of product, regardless of the status
of the particular user or of the way in which the particular user
actually uses, or expects or is expected to use, the product.  A product
is a consumer product regardless of whether the product has substantial
commercial, industrial or non-consumer uses, unless such uses represent
the only significant mode of use of the product.

  "Installation Information" for a User Product means any methods,
procedures, authorization keys, or other information required to install
and execute modified versions of a covered work in that User Product from
a modified version of its Corresponding Source.  The information must
suffice to ensure that the continued functioning of the modified object
code is in no case prevented or interfered with solely because
modification has been made.

  If you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the
User Product is transferred to the recipient in perpetuity or for a
fixed term (regardless of how the transaction is characterized), the
Corresponding Source conveyed under this section must be accompanied
by the Installation Information.  But this requirement does not apply
if neither you nor any third party retains the ability to install
modified object code on the User Product (for example, the work has
been installed in ROM).

  The requirement to provide Installation Information does not include a
requirement to continue to provide support service, warranty, or updates
for a work that has been modified or installed by the recipient, or for
the User Product in which it has been modified or installed.  Access to a
network may be denied when the modification itself materially and
adversely affects the operation of the network or violates the rules and
protocols for communication across the network.

  Corresponding Source conveyed, and Installation Information provided,
in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying.

  7. Additional Terms.

  "Additional permissions" are terms that supplement the terms of this
License by making exceptions from one or more of its conditions.
Additional permissions that are applicable to the entire Program shall
be treated as though they were included in this License, to the extent
that they are valid under applicable law.  If additional permissions
apply only to part of the Program, that part may be used separately
under those permissions, but the entire Program remains governed by
this License without regard to the additional permissions.

  When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part of
it.  (Additional permissions may be written to require their own
removal in certain cases when you modify the work.)  You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

  Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders of
that material) supplement the terms of this License with terms:

    a) Disclaiming warranty or limiting liability differently from the
    terms of sections 15 and 16 of this License; or

    b) Requiring preservation of specified reasonable legal notices or
    author attributions in that material or in the Appropriate Legal
    Notices displayed by works containing it; or

    c) Prohibiting misrepresentation of the origin of that material, or
    requiring that modified versions of such material be marked in
    reasonable ways as different from the original version; or

    d) Limiting the use for publicity purposes of names of licensors or
    authors of the material; or

    e) Declining to grant rights under trademark law for use of some
    trade names, trademarks, or service marks; or

    f) Requiring indemnification of licensors and authors of that
    material by anyone who conveys the material (or modified versions of
    it) with contractual assumptions of liability to the recipient, for
    any liability that these contractual assumptions directly impose on
    those licensors and authors.

  All other non-permissive additional terms are considered "further
restrictions" within the meaning of section 10.  If the Program as you
received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further
restriction, you may remove that term.  If a license document contains
a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms
of that license document, provided that the further restriction does
not survive such relicensing or conveying.

  If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the
additional terms that apply to those files, or a notice indicating
where to find the applicable terms.

  Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions;
the above requirements apply either way.

  8. Termination.

  You may not propagate or modify a covered work except as expressly
provided under this License.  Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

  However, if you cease all violation of this License, then your
license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and
finally terminates your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some reasonable means
prior to 60 days after the cessation.

  Moreover, your license from a particular copyright holder is
reinstated permanently if the copyright holder notifies you of the
violation by some reasonable means, this is the first time you have
received notice of violation of this License (for any work) from that
copyright holder, and you cure the violation prior to 30 days after
your receipt of the notice.

  Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License.  If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10.

  9. Acceptance Not Required for Having Copies.

  You are not required to accept this License in order to receive or
run a copy of the Program.  Ancillary propagation of a covered work
occurring solely as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require acceptance.  However,
nothing other than this License grants you permission to propagate or
modify any covered work.  These actions infringe copyright if you do
not accept this License.  Therefore, by modifying or propagating a
covered work, you indicate your acceptance of this License to do so.

  10. Automatic Licensing of Downstream Recipients.

  Each time you convey a covered work, the recipient automatically
receives a license from the original licensors, to run, modify and
propagate that work, subject to this License.  You are not responsible
for enforcing compliance by third parties with this License.

  An "entity transaction" is a transaction transferring control of an
organization, or substantially all assets of one, or subdividing an
organization, or merging organizations.  If propagation of a covered
work results from an entity transaction, each party to that
transaction who receives a copy of the work also receives whatever
licenses to the work the party's predecessor in interest had or could
give under the previous paragraph, plus a right to possession of the
Corresponding Source of the work from the predecessor in interest, if
the predecessor has it or can get it with reasonable efforts.

  You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License.  For example, you may
not impose a license fee, royalty, or other charge for exercise of
rights granted under this License, and you may not initiate litigation
(including a cross-claim or counterclaim in a lawsuit) alleging that
any patent claim is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.

  11. Patents.

  A "contributor" is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based.  The
work thus licensed is called the contributor's "contributor version".

  A contributor's "essential patent claims" are all patent claims
owned or controlled by the contributor, whether already acquired or
hereafter acquired, that would be infringed by some manner, permitted
by this License, of making, using, or selling its contributor version,
but do not include claims that would be infringed only as a
consequence of further modification of the contributor version.  For
purposes of this definition, "control" includes the right to grant
patent sublicenses in a manner consistent with the requirements of
this License.

  Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor's essential patent claims, to
make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

  In the following three paragraphs, a "patent license" is any express
agreement or commitment, however denominated, not to enforce a patent
(such as an express permission to practice a patent or covenant not to
sue for patent infringement).  To "grant" such a patent license to a
party means to make such an agreement or commitment not to enforce a
patent against the party.

  If you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through a
publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner
consistent with the requirements of this License, to extend the patent
license to downstream recipients.  "Knowingly relying" means you have
actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient's use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.

  If, pursuant to or in connection with a single transaction or
arrangement, you convey, or propagate by procuring conveyance of, a
covered work, and grant a patent license to some of the parties
receiving the covered work authorizing them to use, propagate, modify
or convey a specific copy of the covered work, then the patent license
you grant is automatically extended to all recipients of the covered
work and works based on it.

  A patent license is "discriminatory" if it does not include within
the scope of its coverage, prohibits the exercise of, or is
conditioned on the non-exercise of one or more of the rights that are
specifically granted under this License.  You may not convey a covered
work if you are a party to an arrangement with a third party that is
in the business of distributing software, under which you make payment
to the third party based on the extent of your activity of conveying
the work, and under which the third party grants, to any of the
parties who would receive the covered work from you, a discriminatory
patent license (a) in connection with copies of the covered work
conveyed by you (or copies made from those copies), or (b) primarily
for and in connection with specific products or compilations that
contain the covered work, unless you entered into that arrangement,
or that patent license was granted, prior to 28 March 2007.

  Nothing in this License shall be construed as excluding or limiting
any implied license or other defenses to infringement that may
otherwise be available to you under applicable patent law.

  12. No Surrender of Others' Freedom.

  If conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License.  If you cannot convey a
covered work so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may
not convey it at all.  For example, if you agree to terms that obligate you
to collect a royalty for further conveying from those to whom you convey
the Program, the only way you could satisfy both those terms and this
License would be to refrain entirely from conveying the Program.

  13. Use with the GNU Affero General Public License.

  Notwithstanding any other provision of this License, you have
permission to link or combine any covered work with a work licensed
under version 3 of the GNU Affero General Public License into a single
combined work, and to convey the resulting work.  The terms of this
License will continue to apply to the part which is the covered work,
but the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such.

  14. Revised Versions of this License.

  The Free Software Foundation may publish revised and/or new versions of
the GNU General Public License from time to time.  Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

  Each version is given a distinguishing version number.  If the
Program specifies that a certain numbered version of the GNU General
Public License "or any later version" applies to it, you have the
option of following the terms and conditions either of that numbered
version or of any later version published by the Free Software
Foundation.  If the Program does not specify a version number of the
GNU General Public License, you may choose any version ever published
by the Free Software Foundation.

  If the Program specifies that a proxy can decide which future
versions of the GNU General Public License can be used, that proxy's
public statement of acceptance of a version permanently authorizes you
to choose that version for the Program.

  Later license versions may give you additional or different
permissions.  However, no additional obligations are imposed on any
author or copyright holder as a result of your choosing to follow a
later version.

  15. Disclaimer of Warranty.

  THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW.  EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.  THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU.  SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

  16. Limitation of Liability.

  IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

  17. Interpretation of Sections 15 and 16.

  If the disclaimer of warranty and limitation of liability provided
above cannot be given local legal effect according to their terms,
reviewing courts shall apply local law that most closely approximates
an absolute waiver of all civil liability in connection with the
Program, unless a warranty or assumption of liability accompanies a
copy of the Program in return for a fee.

                     END OF TERMS AND CONDITIONS

            How to Apply These Terms to Your New Programs

  If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

  To do so, attach the following notices to the program.  It is safest
to attach them to the start of each source file to most effectively
state the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

  If the program does terminal interaction, make it output a short
notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate
parts of the General Public License.  Of course, your program's commands
might be different; for a GUI interface, you would use an "about box".

  You should also get your employer (if you work as a programmer) or school,
if any, to sign a "copyright disclaimer" for the program, if necessary.
For more information on this, and how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

  The GNU General Public License does not permit incorporating your program
into proprietary programs.  If your program is a subroutine library, you
may consider it more useful to permit linking proprietary applications with
the library.  If this is what you want to do, use the GNU Lesser General
Public License instead of this License.  But first, please read
<http://www.gnu.org/philosophy/why-not-lgpl.html>.
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