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Editorial

Mili priatelia, mili Citatelia,

otvarate nové Cislo ¢asopisu, ktory dufa, ze vam priblizi vystupy aktudlneho vysku-
mu zasahujlce do laboratérnej mediciny, ktoré mézu mat priamy dosah pre lepsiu
diagnostiku, liecbu a prognézu pacientov. Vedecky vyskum prindsa so sebou velmi
vela zaujimavych momentov, vzruSenia, ale aj mnozstvo prace a namahavych a Unav-
nych okamihov.

V minulosti bola veda prakticky vzdy doménou muzov. Aj ked' aj v sucasnosti su
moznosti Zien presadit sa vo vede tazsie, tieto rozdiely sa postupne zmazavaju. Dobre
to vidime pri udelovani Nobelovej ceny za fyzioldgiu a medicinu. Doteraz bola, od svoj-
ho pociatku v roku 1901, tato cena udelena 109 laureatom. Z tohto poctu bolo 12 Zien,
z ktorych 5 Zien bolo ocenenych az v poslednych rokoch, v 21. storoci.

Prva Zena, ktorej bola v roku 1947 udelena Nobelova cena za fyziolégiu a medicinu,
bola Gerty Coriova. Narodila sa v roku 1896 v Prahe, v tom Case v Rakusko-Uhorsku.
Vystudovala medicinu a neskor pracovala ako pediatricka v Karolinskej detskej ne-
mocnici vo Viedni. Tam si vzala za manzela Carla Ferdinanda Coriho, lekara a budu-
ceho biochemika. Vzhl'adom na tazku Zivotnu situaciu a vazne spolocenské problémy
v sUvislosti s jej zidovskym pévodom emigrovali manzelia v roku 1922 do Spojenych statov americkych. Gerty Coriova spolu
so0 svojim manzelom sa d'alej venovali vo svojom vyskume najma biochémii a enzymoldgii. V roku 1936 opisali Coriho cyklus,
cyklus katalytickej premeny glykogénu, za ktory im neskér udelili Nobelovu cenu. Ich vyskum sa stal kliCovym pre pochope-
nie metabolizmu bunky a prispel aj k pochopeniu chordb, ktoré sa spdjaju s poruchami ukladania glykogénu.

Gerty Coriova bola prva, ale Gspesnych zien vo vede, ktoré by v budicnosti mohli byt laureatkami Nobelovej ceny, vidime
Coraz viac. Mnohé z nich publikuju aj v naSom ¢asopise. Keby sme brali prave Newslab ako ukazovatel, boli by vysledky vel-
mi optimistické. V minulom roku v naSom Casopise publikovalo celkovo 46 Zien, ¢o je presne 2x tolko ako publikujucich mu-
zov. Vacsina z nich ma cely svoj vedecky Zivot eSte pred sebou a verim, ze bude Gspesny. Mozno sa medzi nimi skryva aj nie-
kto, kto v budicnosti prevezme v Stokholme cenu za mimoriadne vedecké vysledky.

Milé kolegyne, prajem vam vSetkym vela Uspechov.

MUDr. Pavol Janega, PhD.
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Povodné prace

Vyznam a diagnostika antifosfolipidovych protilatok u zien s poruchami
reprodukcie

Veronika Palenikova'?3, Elena Tibenska*

'Katedra biochémie, Prirodovedecka fakulta, Univerzita Komenského, Bratislava, Slovenska republika
2| aboratof reprodukéni bioldgie, Biotechnologicky dstav AV. CR, v. v. i, BIOCEV, Vestec, Ceska republika
SKatedra biochémie, Pfirodov&decka fakulta, Univerzita Karlova, Praha, Ceska republika

4Klinicka imunologia a alergoldgia, Medirex, a. s., Bratislava, Slovenska republika

Antifosfolipidové protilatky sa viazu na fosfolipidy alebo na komplex fosfolipid — bielkovina. Vyskyt tychto pro-
tilatok moze viest k tvorbe trombéz a porucham tehotenstva, ¢o je priznakom nezapalového autoimunitného
ochorenia - antifosolipidového syndrému. Medzi hlavné laboratérne kritéria antifosfolipidového syndromu pat-
ria kardiolipinové protilatky a protilatky proti B-2-glykoproteinu |. Dal$imi typmi protilatok, ktoré sa deteguijui v sé-
rach pacientoy, su protilatky proti fosfatidylserinu, fosfatidyletanolaminu, protrombinu ¢i anexinu V. Presny vznik
a vyvoj tychto protilatok nie je znamy, preto sa vedu diskusie, ktoré protilatky sa najviac vyskytuju u pacientov
s antifosfolipidovym syndrémom a ktoré by mali byt zahrnuté v hlavnych kritériach. Preto bolo nasim cielom sle-
dovat vyskyt a vplyv antifosfolipidovych protilatok u Zien s poruchami reprodukcie a sledovat liecbu antifosfoli-
pidovych protilatok.

Kltacové slova: antifosfolipidové protilatky, antifosfolipidovy syndrém, neplodnost

Importance and diagnostic of anti-phospholipid antibodies in women with reproductive disorders

Antiphospholipid antibodies bind to the phospholipids or complex protein-phospholipid. The occurrence of those
antibodies can lead to the creation of thrombosis or pregnancy disorders that are symptoms of non-inflammato-
ry autoimmune disease - antiphospholipid syndrome. Main criteria of antiphospholipid syndrome are cardiolipin
antibodies and antibodies against R-2-glycoprotein 1. Other types of antibodies detected in sera of patients are
antibodies against phosphatidylserine, phosphatidylethanolamine, prothrombin or annexin V. Origin and devel-
opment of those antibodies are not known, and there is ongoing discussion which antibodies are the most pres-
ent in patients with antiphospholipid syndrome and which ones should be part of main criteria. Therefore, our
aim was to observe the occurrence and effect of antiphospholipid antibodies in women with reproductive disor-

ders and their treatment.

Keywords: antiphospholipid antibodies, antiphospholipid syndrome, infertility

Newslab, 2019; ro¢. 10 (1): 5-8

Uvod

Zaporne nabité fosfolipidy su podstatnou zlozkou vset-
kych membran, preto st vhodnym antigénom pre antifosfo-
lipidové protilatky (APLA)™. Tieto protilatky sa viazu aj na
proteiny, ktoré vytvaraju komplexy s fosfolipidmi, kam za-
radujeme napriklad R-2-glykoprotein | (B2GPI)®. APLA su
heterogénna skupina protilatok, ktord sa podiela na tvorbe
nezapalového autoimunitného ochorenia s ndzvom antifo-
sfolipidovy syndrom (APS). Okrem vyskytu APLA v sére ale-
bo plazme je toto ochorenie asociované najma s trombdzami
a poruchami tehotenstva®. U Zien, u ktorych bol diagnostiko-
vany APS pocas tehotenstva, mdze dojst ku komplikaciam,
¢o mobze byt sposobené namierenim APLA proti placente,
ked dochddza k preeklampsii, placentarnej isuficiencii alebo
pbsobia negativne na rozvoj a funkciu trofoblastu®. Okrem
toho moze dojst aj k prestupu APLA cez placentu, ¢o moze
viest k mozgovym abnormalitdm a poskodeniu kognitivnych
funkcii u narodenych deti®. Tvorba trombdzy, ktora nasledne
poskodzuje placentu, méze vznikat vplyvom APLA na zrych-
lenie koagulacie, zniZenie fibrinolyzy®, aktivaciou endotelo-
vych buniek alebo komplementu®.

APS sa v praxi deli na primarny a sekundarny APS, pri-
¢om primarny APS je oznaCovany vtedy, ked vznikol bez ne-
jakej zjavnej priciny, zatial' co sekundarny APS vznikol v d6-
sledku pritomnosti nejakého iného ochorenia ¢i infekcie®.
Diagndza APS je stanovena na zaklade sapporskych kritérii,
podla ktorych je APS diagnostikované vtedy, ked je stano-
vené aspon jedno klinické kritérium (tehotenska morbidita
alebo tromboza) a jedno laboratérne kritérium, ktorym je vy-
skyt APLA. Medzi hlavné APLA patria protilatky proti 32GPI
(anti-B2GPI) a antikardiolipinové protilatky (ACLA). Okrem
hlavnych typov APLA rozozndvame protilatky v tzv. non-kri-
téridch, to su napriklad protilatky proti fosfatidylserinu, eta-
nolaminu ¢&i protrombinu. VSetky APLA sa stanovuju Stan-
dardizovanymi testami ELISA, pricom sa stanovuju bud' IgG,
alebo IgM izotypy, alebo sa robi celkovy skrining protilatok®.

Vysokda heterogenita APLA a ich vplyv na priebeh teho-
tenstva su dévodom potratov alebo pred¢asnych poérodov.
Mnoho lekdrov vSak neberie do uvahy patologicky vplyv imu-
nitného systému na reprodukciu. Preto bolo nasim cielom
poukazat na dolezitost APLA, a to hlavne tych, ktoré su za-
radené do ,non-kritérii“. V tomto projekte sme sa zamerali
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Povodné prace

hlavne na sledovanie vyskytu APLA u Zien s diagnostikova-
nou neplodnostou a liecbu tychto protilatok.

Material a metodika

Subor tvorilo 1246 pacientok (vek: 20 — 50 rokov) s diag-
nézou neplodnost bez lieCby. Sérum bolo ziskane z krvi
odobratej do uzavretého odberného systému s gélom pocas
prvého vysSetrenia. V sérach pacientok sme sledovali osem
typov antifosfolipidovych protilatok, pricom sa sledovali an-
ti-B2GPI a ACLA z hlavnych kritérii a protilatky z ,non-krité-
rii“: protilatky proti fosfatidylserinu, fosfatidyletanolaminu,
kyseline fosfatidovej, anexinu V a IgG a IgM protilatky pro-
ti protrombinu.

Na stanovenie APLA sme pouzili kvantitativnu metddu
ELISA, ktord je zalozena na interakcii antigén — protilatka (an-
ti-B2GPI — ORGENTEC, ORG 521S; ACLA — ORGENTEC, ORG
515S; kyselina antifosfatidova — Delta Biologicals S.r.I, Sub-
sidiary of ERBA Diagnostics, CA-206; antianexin V — IMTEC,
ITC59550; antifosfatidylserin — IMTEC, ITC59027; antifosfa-
tidyletanolamin — IMTEC, ITC59400; antiprotrombin 1gG/
IgM — AIDA, REF 10229). Séra boli uschovavané v mraznicke
pri teplote nizsej ako —18 °C. Antigén (napr.: B2GPI) je navia-
zany na pevnu fazu a inkubuje sa so vzorkami, kalibratormi
a kontrolami, ktoré obsahuju primarne protilatky interaguju-
ce s antigénom na pevnej faze. Na primarne protilatky sa na-
sledne naviaze sekundarna, na ktorej je naviazany konjugat
(chrenova peroxidaza). Vysledok sa stanovuje spektrofoto-
metricky(?.

Ziskané vysledky sme Statisticky vyhodnotilipomocou Sta-
tistického programu StatsDirect Statistal Analysis Software.

Tabulka 1. Vyhodnotenie vyskytu jednotlivych typov APLA. V ta-
bulke je uvedeny pocet pacientok, u ktorych boli sledované jed-
notlivé protilatky (n), pocet pozitivnych a percentudlne zastupe-
nie pozitivnych nalezov.

Protilétky ___n | pozitine | %

B2GPI 1239 14 1,13
ACLA 1245 5 0,40
Fosfatidylserin 1199 149 12,43
Protrombin IgM 1163 99 8,51

Protrombin IgG 1165 65 5,58
Annexin V 1195 19 1,59
Fosfatidyletanolamin 1199 11 0,92
Kyselina fosfatidova 427 3 0,70

V pripade kvalitativnych dat sme pocitali len percentily. Pri
testoch, kde sa sledovala liecba, sme najprv zistovali nor-
malitu dat pomocou StatsDirectu a nasledne sme zvolili pri
nenormalnom rozdeleni dat Statisticky Mannov-Whitneyho
test (sledovanie Ucinnosti liecby v pripade protilatok proti fo-
sfatidylserinu, fosfatidyletanolaminu, anexinu V a protrom-
binu IgG). Pri sledovani liecby v pripade protilatok proti IgM
a R2GPI sme zistili normalne rozdelenie dat, preto sme vyu-
zili t-test paired. Vysledky sme povazovali za Statisticky vy-
znamné, ked' p-hodnota bola mensia ako 0,05.

Vysledky

Z 1246 pacientok bolo 24 % Zien pozitivnych na niektoru
protilatku z APLA (tabulka 1). Z hlavnych kritérii sa najcas-
tejsie vyskytovali protilatky anti-B2GPI (1,13 %). ACLA sa vy-
skytovali iba u 0,40 % pacientok, ¢ize mali najnizSie zastipe-
nie zo vSetkych APLA, ktoré sme sledovali.

Z ,non-kritérii“ sa najcastejSie vyskytovali protilatky proti
fosfatidylserinu (12,43 %). Tieto protilatky mali najvyssie za-
stupenie zo vSetkych sledovanych APLA. IgM protilatky pro-
ti protrombinu boli pozitivne u 8,51 % pacientok a IgG an-
tiprotrobinové protilatky boli pozitivne u 5,58 % pacientok.
Protilatky proti placentarnemu proteinu anexinu V boli pozi-
tivne u 1,59 % Zien, zatial ¢o fosfatidyletanolaminové protilat-
ky boli pozitivne u 0,92 % pacientok. Z ,non-kritérii“ boli naj-
menej zastupené protilatky proti kyseline fosfatidovej, ktora
bola pozitivna iba u 0,70 % zien, €o je 0 0,30 % vySSi vyskyt
ako v pripade ACLA. Zastupenie jednotlivych protilatok moz-
no vidiet v tabulke 1.

ACLA ako najmenej zastipené protilatky mali najvyssiu
kombinaciu s inym typom APLA (100 %). Najviac sa vyskyto-
vali v kombindacii s protilatkami proti R2GPI a fosfatidylseri-
nu (pri oboch 80 %). Fosfatidyletanolaminové protilatky boli
v kombinacii s inymi APLA v 81,82 %, pricom najviac sa vy-
skytovali s protilatkami fosfatidylserinu (88,89 %). Protilatky
proti kyseline fosfatidovej boli v kombinacii s inymi APLA u 2
z 3 pozitivnych pacientov. Az 100 % kombinaciu mali s ACLA,
anti-B2GPI a fosfatidylserinovymi protilatkami. Anti-R2GPI
protilatky boli pozitivne s viacerymi protilatkami u 42,86 %
pacientok. Najc¢astejSiu kombinaciu mali s ACLA a fosfatidyl-
serinovymi protilatkami (pri oboch 66,67 %). Protrombinové
IgG protilatky sa vyskytovali v kombinacii s inymi APLA Cas-
tejsie (32,31 %) nez IgM protrombinové protilatky (30,30 %).
IgG protilatky proti protrombinu boli najviac v kombinacii
s protilatkami proti fosfatidylserinu a IgM protilatkami proti

Tabulka 2. Kombindacia vyskytu roznych typov APLA. Protilatky proti APLA sa velmi ¢asto vyskytuju v kombindcii. Uvedené je percen-
tudlne zastupenie vzoriek reagujicich s réznymi typmi APLA antigénov a frekvencia vyskytu réznych kombindcii protilatok.

B Pozitivny

Protilatky Vs:.e’t | viacakona| %
pozitivny | " 5

5 100

ACLA 5 80,00 80,00 20,00 40,00 | 40,00
z;’as:ﬁ'l‘::":n 11 9 81,82 88,89 11,11 11,11
Kyselina fosfatidova| 3 2 66,67 | 100,00 | 100,00 100,00 - 50,00 | -
Annexin V 19 1 57,89 | 9,09 18,18 63,64 9,09 - - 9,00 | 2727
Anti- B2GPI 14 6 42,86 | 66,67 - 66,67 33,33 3333 | 3333 -
Protrombin IgG 65 21 3231 | 9,52 9,52 47,62 - 4,76 476 - | 4762
Protrombin IgM 99 30 3030 | - - 43,33 3,33 10,00 - 3333 | -
Fosfatidylserin 149 42 28,19 | 9,52 9,52 - 19,05 16,67 4,76 23,81 | 30,95
6 1/2019
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protrobinu (pri oboch 47,62 %). IgM boli najcastejsie v kom-
binacii s protilatkami proti fosfatidylserinu (43,33 %). Fosfa-
tidylserinové protilatky mali najnizsie percento v kombinacii
s inymi protilatkami (28,19 %), pricom najviac bol pozitivny
s IgM protiladtkami proti protrombinu (30,95 %). Vysledky je
mozné vidiet v tabulke 2.

Okrem vyskytu jednotlivych APLA sme sledovali ich vy-
skyt vzhladom na vek. Pacientky sme rozdelili do 4 vekovych
skupin: 20 - 29 rokov, 30 — 35 rokov, 36 — 40 rokov a 41 -
50 rokov. Zavislost protilatok od veku sme zaznamenali iba
v pripade protilatok proti R2GPI a protrombinu IgG (graf 1).
Okrem toho protilatky proti anexinu V boli vy$Sie u starSich
zien, ale rozdiel nie je Statisticky vyznamny. Vyskyt ostatnych
protilatok nezavisel od veku.

Na zaklade dostupnych informacii o pacientkach sme vy-
brali sibor pacientok, u ktorych bolo mozné sledovat vplyv
lieCby na vyskyt APLA. Tymto zendam bol nasadeny LMWH
(low molecular hepariny), aspirin, vitamin D a kortikoidy. Sle-
dovali sme obsah protilatok pred nasadenim lieCby a ob-
sah protilatok po nasadeni lie¢by. Okrem protilatok IgG pro-
ti protrombinu doslo u vSetkych pacientok k poklesu APLA
po nasadeni lie¢by (tabulka 3). Niektoré pacientky boli pozi-
tivne na viacero APLA naraz, pricom po nasadeni liecby dos-
lo vo vSetkych pripadoch k poklesu protilatok, ktoré boli pred
lieCbou zvysené. Avsak v niektorych pripadoch po nasade-
ni lieCby doslo k vzostupu iného typu protilatok, ktoré pred
lieCbou pozitivhe neboli. NajCastejsie boli takto zvySené pro-
tilatky proti anexinu V a oba izotypy protrombinovych proti-
latok. Niektorym pacientkam sa podarilo po nasadeni lieCby
otehotniet, avSak presné informacie o poklese neplodnos-
ti a uspesnosti tehotenstva nie su k dispozicii vzhladom na
ukoncenie Studie pred ziskanim tychto informacii.

Graf 1. Zavislost protilatok od veku. Graf znazorriuje zavislost

protildtok pre protrombin IgG a anti-B2GPI od veku. Vyskyt protila-
tok proti protrombinu a proti B2GPI signifikantne stipa s vekom,
naopak, protilatky proti fosfatidylserinu nie su zavislé od veku.
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Diskusia

V nasej studii sme sledovali vyskyt APLA u zien s porucha-
mi reprodukcie. Tieto protilatky su zodpovedné za spontan-
ne potraty, vnitromaternicovi smrt plodu, preeklampsiu Ci
Zilova trombo6zu®@. Z 1 246 Zien bolo 24 % pozitivnych na nie-
ktord z APLA.

Protilatky proti ACLA a anti-RB2GPI su zaradené medzi
hlavné kritérid APS, no ich vyskyt u pacientok s poruchami
reprodukcie je minoritny. Nazory na vplyv pritomnosti ACLA
a anti-R2GPI protilatok na priebeh tehotenstva su kontroverz-
né. Na jednej strane sa uvadza, ze ACLA sa podiela na repro-
dukénych problémoch, zatial' Co druha strana tvrdi, Ze ACLA
nie su spojené s tehotenskou morbiditou™. V nasom subo-
re zien nebola frekvencia vyskytu ACLA protilatok u Zien s po-
ruchami reprodukcie vyrazna (len 0,4 %), vyskytovali sa vzdy
v kombindcii s inym typom APLA. Protilatky anti-R2GPI sa
v nasom subore vyskytoval len u 1,13 % zien. Anti-R2GPI sa
vyskytovali hlavne v kombindacii s fosfatidylserinovymi proti-
latkami a s ACLA. Prepojenie medzi ACLA a anti-R2GPI mé-
Ze byt sposobené tym, Ze ACLA maju epitop na bielkovine
R2GPI, preto st schopné priamo sa nan viazat. V pripade vy-
skytu dvoch hlavnych typov protilatok u neplodnych Zien sa
zvysuje pravdepodobnost vzniku APS aj tazsie zdravotné
problémy pocas tehotenstva(?.

V nasom subore neplodnych Zien sa najCastejSie vyskyto-
vali protilatky proti fosfatidylserinu (12,43 %). Aj Stidie Nayfe
a kol. (2013) a Zigona a kol. (2013) uvadzaju, Ze najviac sa
na poruchdach tehotenstva podielaju fosfatidylserinové pro-
tilatky. Zvysené boli aj protilatky proti protrombinu. Viac sa
vyskytoval izotyp IgM nez IgG, no vo vacsine Studii je s APS
najviac spdjany IgG izotyp. Predpoklada sa, ze vyskyt IgM
méze byt spojeny s prebiehajlcim infekénym stavom(9. IgG
izotypy su spdjané hlavne so stratami plodu v skorych fa-
zach tehotenstva(®. Protilatky proti protrombinu maju ¢asté
krizové reakcie aj s fosfatidylserinovymi protilatkami, a taka-
to kombinacia sa podiela na zvySenych trombdzach a poru-
chach tehotenstva®. V nasom pripade bol takyto kombino-
vany vyskyt zisteny medzi fosfatidylserinovymi protilatkami
a IgG protrombinovymi protilatkami (u 47,62 % Zen) a dalej
bol zisteny medzi fosfatidylserinovymi protilatkami a IgM
protrombinovymi protilatkami (u 43,33 % Zien). Viaceré stu-
die uvadzaju, ze protrombinové protilatky su dependentné od
fosfatidylserinu, preto sa odporuca vysetrovat fosfatidylse-
rinové aj protrombinové protilatky sucasne v jednom behu
ELISA. Takéto vysetrenie zlepsi kvalitu diagnostického tes-
tu zachytenim vacsieho mnozstva protilatok, preto k nemu
chceme pristupit aj my.

Tabulka 3. Sledovanie vplyvu lieCby na pokles protilatok proti APLA. V tabulke st uvedené priemerné hodnoty (protilétok pred liecbou
a po nej, uvedené su aj smerodajné odchylky a p-hodnota pre kaz“d;i typ protilatok.

R2GPI 17,72 +5,98 9,46 16,41 0,36
Fosfatidylserin 20 19,11 +6,90 11,87 +10,07 0,0005
fosfatidyletanolamin 7 15,6 +18,38 73 +1,94 0,0012
Annexin V 10 32,22 +29,21 11,1 +6,55 0,0022
Protrombin IgG 14 18,29 +7,55 21,33 +24,47 0,54
Protrombin IgM 4 18,22 +4,41 15,7 +4,16 0,28
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Dalsimi vyznamnymi APLA su protilatky proti fosfatidyle-
tanolaminu, ktoré sme detegovali u 0,92 % pacientok. Sugi
a kol. (2004) vo svojej stadii uvadzaju vyssi vyskyt tychto
protilatok u zien s poruchami tehotenstva v skorsej aj v ne-
skorsej faze gravidity. Protilatky proti anexinu V boli detego-
vané u 1,59 % zien. Anexin V je bielkovina produkovana pla-
centou, ktord ma velmi dobru afinitu k fosfolipidom a viaze
sa aj na povrch trombocytov. Vdaka tejto afinite k fosfolipi-
dom vytvara mriezku okolo membrany, ¢im zabranuje aktivite
koagulacnej kaskady. V dosledku zvySenej produkcie protila-
tok proti anexinu V dochdadza k vystiepovaniu tejto bielkovi-
ny z povrchu a spusta sa koagulacia. Vysledkom je zvysené
riziko straty plodu®. Velmi ¢astym javom je suicasny vyskyt
protilatok proti roznym antigénom, napr. kombinacia protila-
tok proti anexinu V s protilatkami proti fosfatidylserinu sa vy-
skytla u 63,64 % zien.

Plodnost Zeny zavisi od jej veku. Zaujimalo nas, ¢i st AP-
LA zavisle od veku u Zien s diagnostikovanou neplodnostou,
pretoze publikacii o vplyve veku na APLA je malo. Nezazna-
menali sme zavislost vyskytu protilatok proti fosfolipidom
(kardiolipin, fosfatidylserin, fosfatidyletanolamin a kyselina
fosfatidova) od veku. Naopak, zistili sme, Ze s rastticim ve-
kom stupa vyskyt anti-B2GPI. Mehdi a kol. zistili, Ze frekven-
cia vyskytu R2GPI u Zien stipa s vekom(?), preto je mozné,
Ze aj protilatky proti nemu mo6zu byt ¢astejsie. Podobny trend
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Vyuzitie NGS (next generation sequencing) v rutinnej diagnostike
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Sekvenovanie novej generdcie (next generation sequencing, NGS), tiezZ zname ako masivne paralelné sekve-
novanie, umoznuje analyzu velkého objemu dat v jednom teste. Viac ako 90 % sekvenacnych dat je ziskanych
principom SBS (sequencing by synthesis) od firmy Illumina. Zaradenie myeloidného NGS panela medzi rutinné
vySetrenia bolo na oddeleni lekarskej genetiky, Medirex, a. s., najvyznamnejsSim milnikom v diagnostike myelo-
proliferativnych ochoreni za rok 2018. Standardnym diagnostickym postupom bolo kaskadové vySetrenie gé-
nov JAK2, CALR a MPL, pomocou ktorych mozno odlisit pravi polycytémiu (polycythemia vera, PV), esencialnu
trombocytémiu (ET) a primarnu myelofibrézu (PMF). Z dovodu WHO reklasifikacie myeloproliferativnych ocho-
reni z roku 2016 bolo nevyhnutné rozsirit panel vysetrovanych génov pre spravne zaradenie pacientov do $peci-
fickych skupin, monitorovanie liecebnej odpovede a zaradenie do transplantaéného procesu.

Kldéové slova: NGS, myeloproliferativne neopldzie, rutinna diagnostika

Application of NGS (next generation sequencing) in routine diagnostics

Next generation sequencing (NGS) also known as massive parallel sequencing is able to detect a large amount
of data in a single assay. More than 90% sequence data is obtained from sequencing by synthesis (SBS) prin-
ciple from lllumina. Including myeloid NGS panel into routine examination was the most significant diagnostic
milestone for patients with myeloproliferative neoplasms on the department of medical genetics, Medirex, a. s.
in 2018. Standard diagnostic procedure is cascade examimnation of JAK2, CALR and MPL genes to distinguish
polycythemia vera (PV), essential trombocythemia (ET) and primary myelofibrosis (PMF). Due to new WHO re-
classification of myeloproliferative diseases in 2016, it was necessary to extend the panel of examined genes for
correct assesment of diagnosis, monitoring of treatment response and inclusion into transplantation process.

Keywords: NGS, myeloproliferative neoplasms, routine diagnostics

Newslab, 2019; ro¢. 10 (1): 9 - 12

Uvod

Termin myeloproliferativne neoplazie (MPN) oznacuje
skupinu ochoreni, ktorych patogenéza sa zacina transfor-
madciou pluripotentnej kmerfovej bunky. V transformovanej
bunke dochddza k somatickym mutdciam, ktoré poskytuju
selektivnu vyhodu pre patologicky klon, ktory potlaca fyzio-
logicki hemopoézu. Désledkom tohto procesu dochadza aj
k vyvoju krvnych elementov z jedného hematologického ra-
du, ktory vyrazne prevysuje ostatné®. Zakladné rozdelenie
MPN je zalozené na pritomnosti, resp. nepritomnosti Phi-
ladelphia (Ph) chromozému. Medzi Ph pozitivhe neoplazie
patri chronicka myelocytova leukémia (CML) s pritomnostou
BCR-ABL1 fuzie. Ph negativne MPN zvycCajne nesu somatic-
ku driver mutaciu v génoch JAK2, CALR alebo MPL, ktoré su
hlavnymi diagnostickymi markermi spolu s hematologicky-
mi a morfologickymi abnormalitami. Transformadcia ochore-
nia do myelodysplastického syndromu (MDS) alebo sekun-
darnej akutnej myeloidnej leukémie (AML) je mozna pri Ph+
aj Ph— MPN®,

Ph negativhe MPN

Medzi Ph— MPN su zaradené neoplazie bez BCR-ABL1
flzie. Tato skupina zahfha pravu polycytémiu (PV), esenci-
alnu trombocytémiu (ET) a primarnu myelofibrézu (PMF).
WHO klasifikacia MPN je zaloZzena najma na morfologickych

zmenach v kostnej dreni a pocte krvnych elementov v pe-
riférnej krvi. Trombocytéza je hlavhym znakom pre ET, ale
byva pritomna aj pri inych MPN. Erytrocyt6za je diagnostic-
kym znakom pre PV a leukocytéza sa vyskytuje u pacien-
tov s pokrocilym Stadiom ochorenia. Pacienti s PMF maju
Casto kombinaciu prejavov, avSak v signifikantnej Casti sa
vyskytuje najma anémia. Na diferencidlnu diagnostiku uve-
denych ochoreni sa v rutinnej praxi vyuziva detekcia soma-
tickych mutacii na molekulovej drovni. Vo viac ako 95 % pri-
padov su za vznik MPN zodpovedné driver mutdcie v génoch
JAK2, CALR a MPL®. Standardnym postupom pri uréeni diag-
nozy je detekcia mutacie JAK2 (V617F) a v pripade negati-
vity sa pokracuje detekciou mutacii JAK2 v exéne 12 - 15.
Pozitivny nalez je v takomto pripade indikatorom PV. V pripa-
de negativneho vysledku pokracuje vySetrenie analyzou génu
CALR, v ktorom sa vyskytuju najma frame-shift (FS) mutacie
posledného exénu, o ma za nasledok vznik alternativneho
C-konca v peptide. Ak nie su pritomné ani mutacie v géne
CALR, vySetrenie je v poslednom kroku zamerané na detek-
ciu MPL (W515L/K). Pritomnost somatickych mutécii v gé-
noch CALR a MPL je v priamej suvislosti s diagnézami ET
a PMF, ktorych patogenéza postihuje megakaryocytovd liniu
buniek. ET suvisi najma s megakaryocytovou proliferaciou
a PMF s diferenciaciou — myelodysplaziou®. Na zéklade po-
slednej WHO reklasifikacie myeloproliferativnych neoplazii
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z roku 2016 bolo nevyhnutné zahrnat do rutinnej molekulo-
vogenetickej diagnostiky dalSie gény pre spravne zaradenie
pacientov do jednotlivych skupin, urCenie lieCebnej stratégie
a progndzy, monitorovanie MRD (minimalna reziduélna cho-
roba) a na postidenie zaradenia do transplantacného progra-
mu. Pozadované gény zahfiaji ASXL17, IDH1/IDH2, SF3B1,
SRSF2,DNMT3A, TET2 a EZH2®). Vhodnou alternativou simu-
Itanneho vysetrenia viacerych génov, resp. vybranych exénov
a hotspotovych oblasti bolo zavedenie panelového NGS do
rutinnej diagnostiky myeloproliferativhych neoplazii.

Next generation sequencing (NGS)

Najcastejsie vyuzivanym postupom pri NGS je tzv. sequen-
cing by synthesis (SBS) od firmy Illumina. Proces spociva
v tom, Ze pocas cyklu DNA syntézy su fluorescencne znace-
né dNTP inkorporované do templatového vlakna pomocou
DNA polymerazy. V kazdom cykle je dany nukleotid identi-
fikovany prostrednictvom excitdcie fluoroféru. Pred samot-
nym sekvenovanim je potrebna priprava tzv. kniznice. Za-
kladnym principom pripravy kniznic je fragmentacia DNA,
pripadne cDNA s naslednou modifikaciou 3’ a 5 koncov
vlakien, na ktorych dochadza k ligacii adaptérov. K jednot-
livym vzorkam sa pocas pripravy pridava unikatna kombi-
néacia adaptérov, ¢o umoziiuje multiplexovd analyzu (do 96
vzoriek). Fragmenty DNA s viazanymi adaptérmi su nasledne
amplifikované pomocou PCR reakcie a precistené podla pri-
slugného protokolu®. Na tvorbu klastrov je potrebna hybridi-
zdacia amplifikovanych kniznic na flow-cell. Na jej povrchu sa
nachdadzaju oligonukleotidy komplementarne k sekvenciam
adaptérov. Po hybridizacii nastdva tvorba klastrov prostred-
nictvom mostikovej amplifikacie, pocas ktorej DNA polyme-
rdza vytvori komplementdarne vldkno k templatu. Pévodné
vlakno je odmyté a ponechané je nové, reverzné. Na konci re-
verzného vlakna sa nachadza adaptérova sekvencia, pomo-
cou ktorej sa nové vlakno prichyti na komplementarny oligo-
nukleotid na povrchu flow-cell. DNA polymeraza tak vytvori

Obrazok 1. Schéma mostikovej amplifikdcie®

Mumina sequencing

ﬂlm e

nové komplementarne vlakno identické s pévodnym templa-
tom. Vzniknuta dsDNA je denaturovand, a tak sa mbze sa-
mostatne kazdé vlakno opéat prichytit adaptérom na prislus-
ny oligonukleotid (obrdazok 1). Uvedenym spdsobom vznikaju
naraz vo vzorke tisicky klastrov, ktoré su sekvenované v prie-
behu 2-3 dni. Pritomnost konkrétnej bazy vo vldkne DNA je
detegovana pomocou Styroch reverzibilnych terminatorov,
ktoré su znacené fluroescencnymi farbivami s rozdielnou
emisiou. Sekvenator (MiSeq System, lllumina) po kazdom
cykle odfoti fluorescenéné signdly na flow-cell a po ukonce-
ni analyzy posklada vyslednu sekvenciu®.

Subor pacientov

V roku 2018 bolo do rutinnej diagnostiky zavedené pane-
lové sekvenovanie TruSight Myeloid Sequencing Panel, lllu-
mina. Do suboru bolo zatial zaradenych 56 pacientov. Pouzi-
tym materialom bola gDNA ziskanad izolaciou z plnej kostnej
drene a periférnej krvi. Do vySetrenia boli zahrnuti pacienti
s diagndzou zo skupiny myeloproliferativnych neoplazii. Naj-
CastejSie iSlo o pacientov nereagujucich na liecbu s podozre-
nim na pritomnost mutacie v inych génoch, ako JAK2, CALR
a MPL, u pacientov s tazko definovatelnou diagnézou z do6-
vodu polyfenotypového prejavu ochorenia alebo v pripade
predikcie Uspesnosti transplantacného procesu.

Material a metody

Na oddeleni lekarskej genetiky, Medirex, a. s., bolo medzi
rutinné vySetrenia pacientov s MPN zavedené panelové sek-
venovanie TruSight Myeloid Sequencing Panel, lllumina. Uve-
dend metdda sluzi na detekciu somatickych variantov, kto-
rych vyskyt je typicky najma pre akutnu myeloidnd leukémiu
(AML), myelodysplasticky syndrém (MDS), myeloproliferativ-
ne neoplazie (MPN), chronickd myeloidnu leukémiu (CML),
chronickd myelomonocytovu leukémiu (CMML) a juvenil-
nu myelomonocytovl leukémiu (JMML). Uvedeny panel po-
kryva 15 génov (exoény) a v 39 génoch zahima hotspotové
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oblasti (tabulka 1). Okrem génov JAK2, CALR a MPL zahf-
na vSetky ostatné gény potrebné na diagnostiku MPN podla
najnovsej WHO klasifikacie z roku 2016. Vstupnym materia-
lom je gDNA s koncentraciou 50 ng na reakciu. Pouzita bola
chémia MiSeq Reagent Kit v3 v kombindacii s nano-flow-cell,
¢o umoznuje simultannu analyzu 8 vzoriek. Velkost vysled-
nych amplikénov je ~250 bp. Ziskané vysledky boli hodno-
tené v softvéroch Finalist Dx, Ingenuity a IGV. Do sprdvy pre
klinikov boli uvedené iba sekvenc¢né varianty s patogénnym

a pravdepodobne patogénnym vyznamom, s poc¢tom Citani

aspon 500x a alelovou frekvenciou nad 5 %.
Vysledky

Pacient 1.

46-rocna pacientka liecena od roku 2009 s diagn6zou
PV vo FNsP F. D. Roosevelta v Banskej Bystrici. V roku 2017
progresia ochorenia do sekundarnej myelofibrézy. V marci
2018 na oddeleni lekarskej genetiky, Medirex, a. s., bola pa-
nelovym NGS detegovana pritomnost sekvenéného variantu
JAK2 (V617F) s patogénnym vyznamom a alelovou frekven-
ciou 50 %. V tom istom mesiaci bola pritomnost uvedenej
mutdcie potvrdena metddou real-time PCR s 53 % zastupe-
nim. V aprili 2018 bola pacientka zaradena do transplantac-
ného programu v Nemocnici sv. Cyrila a Metoda v Bratislave.
V tom Case bola kvantita mutovaného JAK2 uz 73 %. V juni
2018 bol prvykrat vySetreny chimérizmus po transplanta-
cii. Hodnota povodnej autolégnej krvotvorby klesla pod 2 %
a JAK2 (V617F) na 0,64 %.

Pacient 2.

49-rocny pacient bol v aprili 2018 odoslany na genetic-
ké vySetrenie do centralneho laboratéria Medirex, a. s., s po-
dozrenim na CML. Vysledok analyzy BCR-ABL1 zlomov bol
bez nalezu. V tom istom mesiaci boli pomocou FISH vy-
Setrené gény MLL, CRLF2, ABL2 a molekulovou MLPA ana-
lyzou gén IKZF1. Uvedené vySetrenia mali negativny vysle-
dok. U pacienta bol zaroven vySetreny vstupny panel pre
AML, z ktorého pozitivny vysledok mala iba hodnota expre-
sie WTT (NCN = 0,05). V maji 2018 bol u pacienta vysetre-
ny myeloidny NGS panel, pomocou ktorého bola detegovana

pritomnost sekven¢ného variantu v géne CSF3R (T618l) s pa-
togénnym vyznamom. Alelova frekvencia bola 39 %. V sep-
tembri 2018 bolo realizované kontrolné NGS vysetrenie, kto-
rym bola dokazana stupajuca hodnota mutovaného génu az
na 48 %. Hladina expresie WT1 génu mala tiez stupajici cha-
rakter. U pacienta je podozrenie na relaps.

Pacient 3.

47-roc¢ny pacient lieceny v Nemocnici sv. Cyrila a Metoda
s diagn6zou PV. V roku 2018 prechod do sekundarnej myelo-
fibrézy. V januari 2018 bol vySetreny vstupny panel pre MPN.
Pomocou real-time PCR bola detegovana pritomnost muta-
cie JAK2 (V617F), kvantita 86 %. U pacienta bol nasledne vy-
Setreny myeloidny NGS panel, ktory potvrdil pritomnost sek-
venénych variantov v génoch DNMT3A (R659C) s alelovou
frekvenciou 40,2 % a JAK2 (V617F) s alelovou frekvenciou
60,7 %. U pacienta je zvazovana alogénna transplantacia.

Diskusia

WHO klasifikacia MPN ochoreni z roku 2016 zahffia nové
diagnostické entity podla pritomnosti genetickych variantov
(mutécii) vybranych génov. Diagnostické kritéria boli rozsire-
né vd'aka zavadzaniu novych citlivejSich metédd molekulovej
diagnostiky a cielenému sekvenovaniu klinicky relevantnych
génov. DalSie mutacie v génoch, ktoré sa podielaji na epi-
genetickej regulacii a signalizacii, zohravaju kld¢ova dlohu
v patogenéze MPN. Mutdcie v epigenetickych regulatoroch
sU zapojené do iniciacie a progresie ochorenia. Cielom pra-
ce bolo zavedenie panelového NGS do rutinnej molekulovo-
genetickej diagnostiky tychto ochoreni. Na analyzu pacien-
tov bol pouzity TruSight Myeloid Sequencing Panel od firmy
lllumina, ktorym mozno analyzovat 54 génov v jednej reak-
cii. Pomocou uvedeného vySetrenia su zachytené aj mutacie
s prediktivnym vyznamom pre progndzu a prezivanie pacien-
tov, ale aj na posudenie Uspesnosti transplantacného pro-
cesu. Zavedenie panelového NGS ma v rutinnej diagnostike
vyznamné postavenie, pretoze umoznuje aj detekciu takych
mutacii, ktoré by pri beznom vySetrovacom algoritme vobec
neboli zachytené. Pri PMF sa v Case diagndzy vyskytuju iné
mutéacie ako v JAK2, CALR a MPL vo viac ako 50 %. Pri PV
a ET su dalSie mutacie detegované priblizne v 10 % pripadov.

Tabulka 1. Prehlad génov v TruSight Myeloid Sequencing Panel, lllumina®

Cielova oblast / Ciel'ova oblast / Ciel'ova oblast / Cielova oblast /
exon exon exon exon

DNMT3A cely KDMT6A cely RAD21 cely
ASXL1 ETV6/TEL cely KIT 2,8-11,13,17 RUNX1 cely
ATRX 8-1 0, 17-31 EZH2 cely KRAS 2-3 SETBP1 4 (Cast)
BCOR cely FBXW7 9-11 MLL 5-8 SF3B1 13-16
BCORL1 cely FLT3 14,15, 20 MPL 10 SMC1A 2,11,16,17
BRAF 15 GATA1 2 MYD88 3-5 SMC3 10,13, 19, 23, 25, 28
CALR 9 GATA2 2-6 NOTCH1 26-28, 34 SRSF2 1
CBL 8-9 GNAS 8-9 NPM1 12 STAG2 cely
CBLB 9-10 HRAS 2-3 NRAS 2-3 TET2 3-11
CBLC 9-11 IDH1 4 PDGFRA 12,14,18 TP53 2-11
CDKN2A cely IDH2 4 PHF6 cely U2AF1 2,6
CEBPA cely IKZF1 cely PTEN 57 WT1 7,9
CSF3R 1417 JAK2 12-14 PTPN11 3,13 ZRSR2 cely
CUX1 cely JAK3 13
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Mutacia v géne TET2 sa pri PMF vyskytujev19 % a ASXL1 az
v 40 % pripadov. Obe su pri MPN asociované so zlou prog-
nézou, Vyskyt patogénnych variantov v génoch ASXL1T,
EZH2, SRSF2 a IDH1/2 indikuje u pacientov vyrazne skrateny
Cas prezivania. V pripadoch s dvomi a viac mutdciami je me-
dian dozitia 2,6 roka, pri jednej mutdcii 7 rokov a v pripadoch
bez mutacii v uvedenych génoch je median prezivania 12,3
roka. Hlavnou vyhodou NGS analyzy je simultanna analy-
za velkého mnozstva DNA s vysokou citlivostou v porovna-
ni s klasickym Sangerovym sekvenovanim. Sekvenovanim
mnohych génov naraz mozno vysetrit aj viaceré diagnézy, o
znacne skracuje ¢as nasadenia vhodnej terapie. NGS analy-
Zou je stanovena aj alelova frekvencia danej mutacie, ¢o slu-
Zi najma na sledovanie ucinku lie¢by a MRD (minimalna rezi-
dudlna choroba). Zatial najva¢sou nevyhodou vsetkych NGS
analyz je velky objem ziskanych dat, ktoré musia byt okrem
iného vyhodnotené so zretelom na dany druh ochorenia a p6-
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Effect of selected pre-analytic factors on immunohistochemical analysis
of estrogen receptors, progesterone receptors and cell proliferation
marker Ki-67 in breast carcinomas

Monika BialeSova, Jozef Kuruc
Medicyt, s. r. 0., Trencin

The goal of the work was to study the effects of pre-analytic factors such as freezing, delayed and prolonged
fixation on the immunohistochemical expression of following biomarkers in breast carcinoma tissue: estrogen
receptors, progesterone receptors and cell proliferation marker Ki-67. Then we compared the data with immu-
nohistochemical results found in standard processed samples of the same biological material. Research was
performed on a set of 50 tissue excisions of mammary carcinomas. The outputs were compared with analogous
parameters of similar samples processed by standard histotechnology methodology. Proven statistically, signifi-
cant deviations from the standard were as follows: after the tissue freezing, we observed a significant reduction
in the quantitative and qualitative immunohistochemical expression of all three antibodies. In the tissue sam-
ples with the 2-hour delayed fixation, we saw a significant decrease only in the intensity of the staining (expres-
sion quality) of all three biomarkers. In the case of the 7-day prolonged fixation, only the quality of the staining
(expression) of the cell proliferation marker was significantly reduced. Some of our findings appear to have sig-
nificant clinical effects in some specific situations.

Keywords: freezing, delayed fixation, prolonged fixation, immunohistochemical analysis, biomarkers, breast car-
cinoma

Vplyv vybranych predanalytickych faktorov na imunohistochemicku analyzu estrogénovych receptorov, proges-
terénovych receptorov a markeru bunkovej proliferacie Ki-67 v karcinémoch prsnika

Cielom prace bolo sledovat vplyvy predanalytickych faktorov ako zmrazenie, oneskorena a predizena fixacia na
imunohistochemicku expresiu biomarkerov estrogénovych receptorov, progesterénovych receptorov a marke-
ru bunkovej proliferacie Ki-67 v tkanivach karcinomov prsnika a nasledne ziskané tidaje objektivne porovnat so
Standardne spracovanymi vzorkami rovnakého biologického materialu. Vyskum sme realizovali na subore 50
tkanivovych excizii karcindmov mlie¢nej zl'azy, vystupy sme nasledne porovnali s analogickymi parametrami po-
dobnych vzoriek spracovanych standardnou histotechnologickou metodikou. Preukazané statisticky vyznamné
odchylky od standardu boli nasledovné. Vplyvom mrazu sme zaznamenali signifikantné zniZenie kvantitativnej
aj kvalitativnej imunohistochemickej expresie vSetkych troch protilatok. V tkanivovych vzorkach exponovanych
2-hodinovej oneskorenej fixacii sme preukazali signifikantny pokles iba intenzity farbenia (kvality expresie) vSet-
kych troch biomarkerov. V pripade 7-diiovej prediZenej fixacie sa vyznamne znizila len kvalita farbenia (expre-
sie) protilatkou proti antigénu Ki-67. Niektoré nase zistenia sa javia, Ze by v niektorych Specifickych situaciach
mohli mat aj vyznamné klinické dosledky.

Kltucové slova: zmrazenie, oneskorena fixacia, predl'iené fixacia, imunohistochemicka analyza, biomarkery, ma-
marny karciném

Newslab, 2019; ro¢. 10 (1): 13 - 19

Introduction

Breast cancer is generally regarded as the most world-
wide common oncological disease with a high mortality
rate. In the past the disease occurred mostly in older women
aged around 60. In recent 20 years, the occurrence of breast
cancer has risen in younger women aged 25-45, which re-
spresents an increase of more than 30%. This issue also in-
cludes the male population, but the incidence in males is so
low that we may consider it to be still rare. Despite the facts
presented, diagnostics and especially the treatment of this

disease has progressed over the last decade. In an effort to
provide patients with the longest survival and highest quali-
ty of life, it is desirable to continually gain new insights and
innovations in this issue, which we then successfully incor-
porate into practice. Early disease detection is the main task
of screening programs for better prognosis and, ultimately,
for lower mortality®.Immunohistochemistry (IHC) is a labo-
ratory test method that allows us to detect different antigens
in the examined tissues, more precisely in cells, on the ba-
sis of the specific binding of the antigen to the antibody®@?.
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Such an analysis helps to accurately define the type of tu-
mor of the mammary gland and consequently it allows the
oncologist to indicate a targeted therapy. The key test for
breast cancer treatment is the analysis of estrogen recep-
tor (ER), progesterone receptor (PgR) and cell proliferation
marker (Ki-67). These immunohistochemical stains must be
standardized precisely, and therefore even slight deviations
from the standard pre-analytical manipulation with a breast
tissue may have a negative impact on the results of the mon-
itored parameters®.

The object of our interest was to monitor and assess dif-
ferences in the immunohistochemical expression of ER, PgR
and Ki-67 in pre-analytically processed breast cancer tis-
sues compared to breast carcinoma tissues that were treat-
ed with well-defined deviations from standard pre-analytical
treatment. These deviation from standard included freezing,
delayed and prolonged fixation.

Material and methods

The series included 50 female patients with breast cancer,
who were clinically indicated and subsequently examined by
frozen section (FS) intraoperative method in Medicyt, s. r. o.
surgical pathology laboratory Trencin from 6™ December
2017 to 31™ May 2018. The age range of the patients was
32-81 years. The processing of all monitored parameters in
all patients was anonymous.

From a surgical point of view, the procedures included par-
tial excisions or mastectomies and they were performed at
the gynecological and surgical clinic of the Faculty Hospital
in Trencin. For our examinations, we used carcinoma sam-
ples obtained from received fresh unfixed mammary surgi-
cal tissue.

Four tissue samples (4x2 mm) were obtained from each
tumor, and they were subsequently processed by the meth-
ods listed below.

The first tissue sample was dedicated for standard histo-
logical processing (STD) and biopsy examination. After exci-
sion we placed immediately in 10% formalin. After 24 hours
of fixation, it was included in conventional histotechnologi-
cal tissue processing followed by IHC analysis.

The second tissue sample was exposed to frost. Immedi-
ately after its excision, we applied it to a cryogel-covered tar-
get and we placed it in the cryostat at -25 °C for 30 min. After
removal from the cryostat, the sample was allowed to thaw
at a room temperature and then it was fixed in 10% formalin.
After a 24-hour fixation, we included the sample into stand-
ard tissue processing followed by IHC analysis.

The third sample was used to examine the delayed fixa-
tion. After excision, the sample was left at room temperature
for 2 hours and then we placed it in 10% formalin. After 24
hours fixation, the sample was included into standard pro-
cessing and IHC analysis.

The fourth tissue sample was exposed an extended fixa-
tion. After it was excised by us, we immediately placed it in
10% formalin for 7 days. After the fixation, we included it in-
to the standard tissue processing and IHC analysis as in the
abovementioned cases.

The processing was performed as follows. We made 3
tissue sections from a sample, processed by standard histo-
technological method, and placed on 3 xylanized slides each

with a control. Subsequently, the sections were stained im-
munohistochemically for ER, PgR and Ki-67 (one marker per
slide). We also produced 3 tissue sections from each fro-
zen, prolonged and delayed fixation sample that were ap-
plied to 3 pre-prepared xylanized slides. There were 4 sec-
tions on each slide (one from the frozen tissue, the second
from the late fixation tissue, the third from the extended fix-
ation tissue and the fourth was the control) (Figure 1). IHC
analysis of ER, PgR and Ki-67 (one marker per slide) was
also performed on individual slides. Monoclonal antibodies
ER (clone EP1, 1:100, Santa Clara, USA, Dako), PgR (clone
PgR636, 1:25, Santa Clara, USA, Dako) and Ki-67 (clone MIB-
1, FLEX, Ready-to-Use, Santa Clara, USA, Dako) were used.
The positive controls included tissue of the uterine cervix (ER
and PgR) and appendix vermiformis (Ki-67) as recommend-
ed by NordiQC (Figure 2).

IHC analysis was performed in the automated VENTANA
system. For each excision, conventional hematoxylin eosin
(HE) stained section was also made (Figure 3). All sections
were examined by surgical pathologist who used the tem-
plate protocol for evaluating the results of tested biomark-
ers in breast cancer patients (the protocol developed by the
College of American Pathologists)®. When a situation arose
that the carcinoma was not captured in the section (e.g., the
carcinoma tissue was exhausted), the sample was evaluat-
ed as non-diagnostic.

For the statistical analysis, in accordance with our aim to
test the hypothesis of the influence of the pre-analytical fac-
tors on the expression of the biomarkers which we studied,
we selected a pair test because it is a set of the same sam-
ples that have been subjected to several different conditions.
We expressed the degree of expression both quantitatively
and qualitatively. We have substituted the categorical varia-
bles for the nominal ones with the purpose to quantify the
change in the degree of expression due to a specific pre-an-
alytic factor. Using Shapiro-Wilk's test, we verified the nor-
mality of the data distribution according to Gaussian’s nor-
mal distribution. Since none of the data sets showed normal
distribution, we selected a nonparametric Wilcoxon pair test
with a p-value of < 0.05 for hypothesis testing.

Figure 1. Scheme for the preparation of tissue for IHC analysis
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Figure 2. Inmunohistochemical analysis of monitored biomarkers ER, PgR and Ki-67 (magnification 630x)
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Figure 3. The mounted slides with stained sections
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Results

Our statistical analysis showed following results:

— Significant decrease in quantitative and qualitative ex-
pression of ER (quantity: p = 0.0001, quality: p = 0.0000),
PgR (quantity: p = 0.0036, quality: p = 0.0002) and Ki-67
(quantity: p = 0.0024; quality: p = 0.0002) due to freezing.

— With delayed fixation, we observed a significant reduction
in only the qualitative expression in all biomarkers studied
(ER: p = 0.0000; PgR: p =0.0102; Ki-67: p = 0.0128). Quan-
titative expression showed a non-significant decrease in
ER (p = 0.0801) and PgR (p = 0,8415), Ki-67 in this group
did not differ from the standard, i.e., it was without change
(p = 0.8337).

— Significant effect of prolonged 7-day fixation was ob-
served only in a form of decreased qualitative expression
of Ki-67 (p = 0.0030). An increased quantitative expression
of ER (p = 0.4009), PgR (p = 0.4179) and Ki-67 (p = 0.3125)
was also detected, but it was not significant. In the quali-
ty of ER expression (p = 0.0688), we also noticed a signifi-
cant decrease. The quality of PgR expression (p = 0.5755)
did not differ from the standard (Table 1).

Discussion

Current knowledge of an effect of freezing on the IHC ex-
pression of ER, PgR and Ki-67 is still scarce, which stimu-
lated our effort put into this study. Previously, Argon et al.
(2014) studied the effect of freezing on the quantitative and
qualitative immunoprofile of ER, PgR and HER2 biomarkers
in breast cancer. Their study included 53 cases of breast can-
cer with intraoperative histologic consultation followed by
processing of the same tissue for conventional histology and
for IHC examination of ER, PgR and HER2. The sample used
for comparison was also taken from the same tissue, sub-
jected to standard processing, and analyzed by the same IHC
method. Pre-analytical influence of freezing was not stud-
ied. The change in the quantity of ER expression in the inves-
tigated samples compared to the standard was not demon-
strated in 42 cases. On the contrary, in 10 cases it was lower
and in one case it was higher. The quality of ER expression
was the same in 46 cases, 6 cases showed lower expression
and in one case the expression was higher. Changes in the
quantity of PgR expression were not present in 44 cases, but
in 9 samples the authors observed a decreased expression.
The quality of PgR expression in 47 patients was unchanged
in comparison with the standard and 6 cases showed low-
er expression. The differences in the expressions of both bi-
omarkers between frozen and non-frozen tissue samples
were evaluated as statistically significant for both quantity
and quality®. In our study, we recorded a 2.5-fold increase
of cases with reduced expression (25 cases), a 6-fold rise
of cases with quantitatively increased expression (6 cases),
and a 2.4-fold decrease of cases without change (19 cases).
Regarding quality of expression, our series showed a 5.6-fold
increase of cases with decreased expression quality (34 cas-
es), and also 2 times more cases with increased expression
quality (2 cases) and up to 15 times fewer cases without
change (3 cases). When compared to our outcomes, when
determining the quantity of PgR expression, we have detect-
ed 1.5times more cases with reduced expression (14 cases),
and 1.4 times less cases without expression change (14 cas-
es). As Argon et al. observed no case with an increase in
PgR expression, we do not have a correlation to our 5 cases.
In terms of quality, we detected a 3.5-fold increase of cas-
es with reduced PgR expression (21 cases) and a 9.4-fold
decrease in cases without changing the quality expression
(5 cases). They also did not record any case with an in-
creased quality of PgR expression due to freezing, in contrast
with 2 recorded cases in our study®. In a further compari-
son with Argon et al. study we saw significant differences

Table 1. Results of statistical analysis of the influence of selected pre-analytic factors on the quantitative and qualitative expression

of ER, PgR and Ki-67

eR PoR Ki-67
FRecze l l l l l l
DELAYED FIXATION | (no,signit. | ) l (pon-signt | l (o change |) l
FIXATION ponsignit.T) | onsign.|) | @onsignt.]) | (ochangeT) | (romsignit.]) l

Blue and red arrows mean increase and decrease, respectively
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in the results especially in the number of cases with reduced
ER and PgR expression. It is difficult to explain these differ-
ences exactly. One reason could be the effect of the differ-
ent cryogel composition that was in direct contact with tis-
sues during the rapid intraoperative examinations. Because
they did not report the exact size of tissue in the study (the
thickness of tissue excisions determined by rapid intraoper-
ative biopsy - RIOB), we can suppose that our investigated
excisions affected by frost were thicker. Larger thickness of
our tissue excisions could result in slower/insufficient pene-
tration of the fixative in the already thawed sample and thus
autolytic processes could start. This process could cause al-
teration of ER and PgR antigenicity of our material. The au-
thors also did not report the exact time exposure of frost to
the tissue. We assumed that tissue sent to RIOB must be ex-
amined within 15 minutes. If it was immediately thawed af-
ter FS, the time exposure of frost to tissue was about half
the time shorter compared to us. An indirect factor to be tak-
en into account is the stagnation of pre-prepared sections
prior to the IHC analysis itself. Equipment of our laborato-
ry at the time of the research did not allow a prompt IHC
analysis of the research specimens. Our pre-prepared sec-
tions were often analysed more than a week after set up of
tissue-cut slides. Routine (standard) IHC examinations were
preferred for reason of quick diagnosis in the patients. Also,
Downsett et al. (2011) reported in their study as one of the
factors negatively impacting on expression of Ki-67 the ex-
tended exposure of the sections on air at room temperature,
before the IHC analysis®. In spite of the different biomark-
ers we observed, we could, to a certain extent, accept this
factor as having a possible negative effect on the expres-
sion of antibodies. Another potential factor could be the his-
tological heterogeneity of the tumor tissue itself in individu-
al tissue excisions.

Mengel et al. (2002) performed an extensive inter-labora-
tory study of 1-minute exposure to freezing (liquid nitrogen)
of various tissue types inserted into the cryogel for expres-
sion of Ki-67. 172 laboratories were integrated with 5,160
samples analysed from 30 different tissue sample types. The
proliferation index of frozen tissue samples that were subse-
quently thawed for 30 minutes and immersed into non-buff-
ered formalin was significantly lower compared to the same
type of tissue sample fixed immediately in un-buffered for-
malin without freezing. The complex output of frost effect
monitoring on the quantitative and qualitative expression of
ER, PgR and Ki-67 represents a significant shift in all moni-
tored parameters towards the STD®. The influence of frost
on the tumor tissue itself in the cryodestruction therapy pro-
cess was described by Babaian et al. (2008). The conse-
quences can be applied to all three studied biomarkers. They
describe the formation of ice extracellular crystals with the
induction of a hyperosmotic environment, which leads to the
transfer of water from the cell, its shrinkage and the destruc-
tion of the intracellular matrix. At temperatures below-15 °C,
intracellular ice is also formed, which expands, destroying
the cell surface as well as individual cellular structures, in-
cluding lysosomes, which is associated with the release of
the enzymes present. Damage also occurs in the process
of defrosting of the tissue. In the body, the damaged cells
are removed using the immune syste®. Considering these

facts, we suppose that in our study the damage of cellular
structures, including lysosomes, followed by releasing of en-
zymes, could lead to autolysis and thus to the change/loss
of the antigenicity.

According to the American Society of Clinical Oncology /
College of American Pathologists, delay of the tissue fixation
dedicated for the IHC analysis of ER and PgR should not ex-
ceed more than 1 hour to avoid its antigenic degradation®,
For the Ki-67 antigen, we did not find any study which men-
tions such time-limits for delayed fixation. However, there are
several research papers that followed the effects of delayed
fixation on ER and PgR expression. Khoury et al. (2009) ob-
served the effect of delayed fixation on the quantitative and
qualitative expression of ER and PgR with a delay of 10 min,
30 min, 1 h, 2h, 4h and 8h in comparison with STD. Since the
resected breast tissue from the operating room was trans-
ported to the pathology department, 2-5 minutes was tak-
en into account. They found that ER and PgR expression de-
clined with progressive ischemia at room temperature. ER
expression analyzed by the clone of the primary antibody
1DE began to decrease after 2 hours and the PgR detected by
the PgR636 clone at 1-hour fixation delay, but is statistical-
ly insignificant(®. Quite similar results are also reported by
Quietal. (2010). They also compared the ER and PgR expres-
sion of the examined samples affected by delayed fixation
and STD with the same time lags and at room temperature.
They observed that the quantitative and qualitative expres-
sion of the SP1 clone of ER decreases with a 1-hour delay in
fixation as well as expression of the PgR636 antibody clone,
but are non-significant in both. They also observed the ef-
fect of delayed fixation with the same conditions on 3 differ-
ent clones of the primary ER antibody (SP1, 1D5 and 6F11).
They found that despite of the fact that expression of the ER
clone SP1 already declined with a 1-hour delayed fixation,
the overall effect is ultimately lower compared to the other
two anti-ER antibody clones. This clone also presented more
intense nuclear staining, weaker backgrounds and no cyto-
plasmic staining compared to clones 1D5 and 6F110". The
results of a study conducted by Kim, et al. (2015) also bring
interesting findings. They observed the effects of delayed fix-
ation (cold ischemic time CIT) < 3 hours at room temperature
and delayed fixation >12 hours at a controlled temperature
of 4 °C on the immunohistochemical expression of ER, PgR
and Ki-67. The results showed a significant increase in ER ex-
pression in ER-positive tumors, and the increased prolifera-
tion index in tumors with original Ki-67 expression < 10% in
the set of tissue with delayed fixation longer than 12 hours
at 4 °C. These findings were not observed in other studies.
On the contrary, they show a decrease in expressions due
to delayed fixation. This can be explained by the fact that
long CIT (> 12 h) samples were placed in a refrigerator at
4 °C with a short exposure to room temperature, while short
CIT (= 3) specimens were exposed to room temperature for
the entire delayed fixation('?. Compared to our observations,
where we recorded a significant decrease only in the quali-
ty of ER, PgR and Ki-67 expressions, we can state that the
results are similar in some parameters. Discrepancies can
be attributed to the before mentioned stagnation of the pre-
pared sections before IHC analysis with a time difference of
more than 7 days, or to the fact that the tumor tissue volume
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could show some histological variability. However, differenc-
es in the compared studies could also have been due to the
different composition of fixative. In the both mentioned stud-
ies of the effect of delayed fixation on IHC expression of ER
and PgR, the authors used as a fixative solution a 10% buff-
ered formalin. We also used 10% formalin but it was un-buff-
ered. We can assume that a significant decrease in the qual-
ity of expression of all three biomarkers studied could be due
to the synergistic effect of delayed fixation (and the resulting
degradation of antigens or epitopes), together with fixation in
10% un-buffered formalin where the pH is not constant. The
negative effect on the quality of expression of 10% un-buff-
ered formalin in this case could rest in its decreasing pH af-
ter immersing the tissue in which the degradation of the anti-
gens has already been started due to cold ischemia (delayed
fixation). A significant decrease in the quality of expression
of individual markers is anticipated as a consequence of
degradation at epitope level, not at the level of whole cell.
Therefore, we noticed a significant reduction in only the qual-
ity of individual expressions. However, we can’t exclude the
effects of proteolytic degradation with the consequent low-
ering of pH that could degrade antigenic epitopes.

Prolonged fixation is considered by Clinical Oncology /
College of American Pathologists as a factor influencing the
decrease of immunoreactivity of ER and PgR expression, but
it was not mentioned an exact length of prolonged fixation®.
We have noticed a relative lack of studies in the available lit-
erature in the case of the effect of the prolonged fixation
on expression of Ki-67, similarly as in the case of delayed
fixation. Yildiz-Aktas et al. (2012) investigated the effect of
96-hour fixation on IHC expression of ER and PgR in mamma-
ry carcinoma tumor cells. They compared the results from
tumor excisions with results from core-cut biopsies of spe-
cific cases. Of the 47 cases, they observed 1 quantitative
variation of the result in terms of the appearance of positive
ER expression in a 96-hour fixed sample against a standard
that did not show any ER expression. In general, only minor
non-significant changes in the qualitative and quantitative
expression of ER and PgR have been recorded. The authors
attributed these changes to the histological heterogeneity
of the tumor or intra-observative variability(®. Against this
background, we can consider IHC analysis of samples fixed
for 96 hours as valid and equivalent to IHC analysis of tissue
samples processed by standard method.

In another study, Arima et al. (2015) observed a non-sig-
nificant decrease in quantitative and qualitative ER expres-
sion in samples fixed for 2 days compared to standard,
while the effect of prolonged fixation on Ki-67 expression
was shown to be significant (quantitatively decreasing ex-
pression with prolonged fixation time)(. Compared to the
results of our study, we can point to some concordance in
the findings. Due to the 7-day prolonged fixation, we also no-
ticed a statistically non-significant shift in quantitative and
qualitative ER expression both in terms of decreasing qual-
ity and increasing quantity. In the occurrence of qualitative
expression of PgR, the results of our examinations were un-
changed on average and we only noticed a non-significant in-
crease in the quantitative expression of the biomarker. The
minimum deviations in our results could again be attributed
to histological heterogeneity of tumors or intra-observative

variability. A statistically significant decrease in quality and
a non-significant increase in quantity of Ki-67 expression
can be attributed to the protein ,cross-link" bonds formed by
the effect of the chemical properties. Thus, pre-analytically
affected samples could mean in practice, in some (rare) cas-
es, a false decrease in the proliferation index below the crit-
ical value of 20% expression, with possible consequences
for the patient’s treatment. Mengel et al. (2002) also dealt
with the effect of 6-hour, 24-hour, 3-day and 7-day prolonged
fixation for Ki-67 expression in its extensive inter-laborato-
ry (172 laboratories) study. They performed a total of 5,160
analyzes separately for each tissue specimen in different fix-
ative solutions. Their analyzes show a mild decrease of Ki-
67 proliferation index in samples fixed in un-buffered forma-
lin as compared to buffered formalin at 6-hour (29% vs. 30%)
and 24-hour fixation (24% vs. 28%). However, after a 3-day
fixation, they noticed an increase of 34% vs. 29%. They per-
formed the 7-day fixation only on tissue samples in un-buff-
ered formalin, but they observed again the drop to 30%. They
conclude that for a common practice a better choice for anal-
ysis of Ki-67 is when the tissue is included in a processing
after at least 24-hour fixation in buffered formalin, because
the results showed a 4% higher proliferation index Ki-67®. In
comparison with the results of our study, some discrepan-
cies can be attributed to a significant difference in the his-
tological types of examined tissue. We focused only on the
tumor tissue of the mammary gland. Mengel et al. in their
studies observed 30 various types of tissues® It should al-
so be kept in mind that our series of 50 samples is substan-
tially smaller than their series with 5,160 analyses. Thus, ex-
cept of the Ki-67 cell proliferation marker quality expression,
we could consider the prolonged fixation of 7 days as clini-
cally insignificant. The results of the IHC analysis of the three
markers (ER, PgR and Ki-67) in the tissues pre-analytically af-
fected by prolonged exposure to 10% formalin at room tem-
perature are comparable to those of the same IHC analysis
in the standard tissues.

Conclusion

Our results show that freezing has a significant nega-
tive impact on the quantity and quality of expression of
all three antibodies. The most altered antigen by freezing
was ER (EP1), followed by PgR (PgR636) and Ki-67 (MIB1).
These findings indicate that the frozen breast cancer tissue
is not suitable for further immunohistochemical analysis.
This is important for indication of intraoperative examina-
tions in cases with small tumor size. Regarding delayed fix-
ation, we observed a significant decrease in only the qual-
itative expression (color intensity) of all three biomarkers.
Even in the case of delayed fixation, ER appears to be the
most alterable marker. The PgR and Ki-67 antibodies were
less altered. We conclude that after the delayed fixation the
quantitative expression of all three antibodies do not show
significant changes and therefore delayed fixation has not
a significant impact on managements and treatment of the
patients. A significant decrease in only the quality of expres-
sion of all three biomarkers suggests that delayed fixation
of non-frozen tissue degrades antigens at epitope level. Sig-
nificant changes in prolonged fixation were noticed only in
reduced quality (staining intensity) of the antibody against
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the Ki-67 antigen. The changes in immunohistochemical ex-
pression in tissues due to prolonged fixation are comparable
to standard specimens and therefore we consider prolonged
fixation clinically non-significant. We also have to note that
in all of the tested biomarkers we observed sporadic varia-
tions which were statistically non-significant. However, we
think that in rare cases, they could have negative impacts
on the treatment of individual patients in real clinical prac-
tice. Based on these facts, we believe that correctly defin-
ing, standardizing and observing pre-analytical and analyti-
cal laboratory procedures in biopsy diagnostics is necessary
to constantly emphasize and improve.
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Imunitna odpoved'v malignom melanome - vysledky pilotnej stuadie
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2Patologicko-anatomické oddelenie, Fakultna nemocnica v Trnave

Maligny melaném predstavuje nador s vyraznou heterogenitou nadorovych buniek, urcujucich jeho agresivne
spravanie. Akumulacia mutacii vSak vedie aj k vzniku neoantigénov, proteinov, ktoré su schopné vyvolat protina-
dorovi imunitn odpoved' u pacienta. Cielom predloZenej pilotnej stidie bolo posudit aktivaciu protinadorovej
imunity v réznych typoch melanocytovych lézii koze, zahfnajlc pripady benignych komplexnych névov, dysplas-
tickych névov a povrchovo sa Siriaceho maligneho melanému aj pokrocilého nodularneho maligneho melané-
mu. Zamerali sme sa na pritomnost cytotoxickych T-lymfocytov a NK buniek, ktoré si povaZované za klicové
efektorové bunky protinadorovej imunity. V porovnani s benignym melanocytovym névom sme v ostatnych me-
lanocytovych léziach zaznamenali vyraznejsiu protinadorovi zapalovi odpoved charakteristicki vzostupom in-
filtracie tkaniva lymfocytmi s predominanciou cytotoxickych T-lymfocytov. Vyrazny vzostup peritumorézne aj in-
tratumorézne pritomnych cytotoxickych T-lymfocytov sme pozorovali uz v dysplastickych névoch aj v pripadoch
superficidlne sa Siriaceho maligneho melanému. V pripadoch pokroc¢ilého nodularneho maligneho melanému
bol vzostup peritumoréznych lymfocytov na hranici signifikantnosti, kym intratumorézne lymfocyty signifikant-
ne zvySené neboli. Imunitna odpoved' zohrava ulohu v procese progresie maligneho melanému. Pochopenie re-
gulacie imunitnej odpovede moze byt klticové v terapii maligneho melanému v budicnosti.

Klacové slova: maligny melaném, protinddorova imunita, cytotoxické T-lymfocyty, NK bunky

Immune response in malignant melanoma - results of the pilot study

Malignant melanoma is a tumour with marked heterogeneity of tumour cells, determining its aggressive be-
haviour. Accumulation of mutations, however, leads to the formation of neoantigens, proteins that are capable
of eliciting an antitumour immune response in patients. The objective of the presented pilot study was to as-
sess the activation of antitumor immunity in various types of skin melanocytic lesions, including cases of be-
nign complex nevi, dysplastic nevi and superficial spreading malignant melanoma as well as advanced nodular
malignant melanoma. We have focused on the presence of cytotoxic T-lymphocytes and NK cells, which are key
effector cells of antitumour immunity. Compared to benign melanocytic nevi, we have seen a more pronounced
anticancer inflammatory response in other melanocytic lesions, characterized by increased tissue infiltration by
lymphocytes with predominance of cytotoxic T- lymphocytes. A significant increase in both peritumoural and in-
tratumoural cytotoxic T- lymphocytes was observed in dysplastic nevi as well as cases of superficial spreading
malignant melanoma. In cases of advanced nodular malignant melanoma, the increase was at the significance
limits; intratumoral lymphocytes were not increased. Immune response plays a role in the process of malignant
melanoma progression. Understanding the regulation of immune response may be a key point in the therapy of
malignant melanoma in the future.

Keywords: malignant melanoma, antitumor immune response, cytotoxic T-lymphocytes, NK cells
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Uvod

Po kardiovaskularnych ochoreniach st onkologické ocho-
renia druhou najCastejSou pri¢inou smrti. Hoci sa maligny
melaném nenachadza na poprednych prieCkach najcastej-
Sie sa vyskytujucich nadorov, neskora diagnostika tohto na-
doru vedie k zlej prognéze pacienta. Jeho progndza vyrazne
zavisi od Stadia, v ktorom je melaném diagnostikovany, preto
je velmi dolezity jeho v€asny zachyt. Na Slovensku v stcas-
nosti neexistuje spolahlivy skriningovy program podozrivych
koznych Iézii. Diagnostika je Casto zavisla od vSimavosti pa-
cientov, ich rodinnych prislusnikov, pripadne v§eobecnych le-
karov. SamovySetrenie, poznanie vlastnych névov, je kltiCové.
Vznik maligneho melanému je sprevadzany zmenami tvaru,
okrajov, farby aj rastového vzoru koznej pigmentovej lézie.

Kazdé takéto podozrivé lozisko by mal vysetrit dermatove-
neroldg a v pripade potreby nalez histologizovat a definitiv-
nu diagnézu by mal potvrdit patoldg. Pri véasnych stadiach
postaci chirurgicka excizia, v pripade zachytenia v neskor-
Som $tadiu, najma pri pritomnosti vzdialenych metastdz, sa
uz k lieCbe pripaja aj systémova terapia, pripadne biologic-
ka terapia.

Rizikovy faktor vzniku tohto typu nadoru predstavuje hlav-
ne ultrafialové Ziarenie. Je dokazané, Ze hlavne intermitent-
né vystavenie koze sInku a spélenie, su predispozi¢nymi fak-
tormi vzniku melanému. K dalSim etiologickym faktorom
patri typ koze, genetické vplyvy, vek a pocet névov. Zavaz-
na je stupajuca incidencia tohto tumoru v celej vyspelej Eu-
répe. Uvadza sa, ze jeho vyskyt sa v poslednych 30 rokoch
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strojndsobil, alarmujuci je aj Stvornasobny vzostup morta-
lity za toto obdobie®.

Maligny melaném predstavuje nador s vyraznou heteroge-
nitou nadorovych buniek, charakteristicky akumuldciou po-
cetnych mutdcii. Aj ked na jednej strane vyrazna geneticka
variabilita maligneho melanému predurcuje jeho agresivne
spravanie vzhladom na vznik novych vlastnosti a schopnos-
ti vratane rezistencie na poddavanu terapiu, na druhej strane
tato vyrazna genetickd variabilita vedie k vzniku neoantigé-
nov, proteinov, ktoré nie si vlastné samotnému organizmu
a ktoré mozu aktivovat jeho imunitny systém. Protinadoro-
va imunita je v sucasnosti intenzivne Studovana a predsta-
vuje zaujimavu oblast na identifikdciu novych terapeutickych
cielov®. Lieky zasahujuce do aktivacie protinadorovej imuni-
ty sa v poslednych rokoch stali sic¢astou standardnej lieCby
pokrocilého maligneho melanému®. Experimentalne je tes-
tovana aj protinddorova vakcinacia, ktorda méze v buduicnos-
ti zmenit priebeh choroby a prognézu postihnutych pacien-
tov®,

Cielom predlozenej prace bolo posudit aktivaciu protina-
dorovej imunity v roznych typoch melanocytovych [ézii ko-
ze, zahfiajuc pripady beznych névoyv, dysplastickych névov
a maligneho melanému. Zamerali sme sa na pritomnost cy-
totoxickych T-lymfocytov a NK buniek, ktoré su povazované
za kl'i¢ové efektorové bunky protinddorovej imunity.

Metodika

Zdakladny subor pilotnej studie tvorilo 17 pacientov s mela-
nocytovymi léziami koze, ktorym bolo realizované bioptické
vySetrenie a stanovena histopatologicka diagnéza. VySetro-
vany material tvorili archivne pripady vzoriek fixovanych for-
malinom a zaliatych v parafine (FFPE). Ziskany material po-
chédzal z archivu Ustavu patologickej anatémie Lekarskej
fakulty Univerzity Komenského a Univerzitnej nemocnice
v Bratislave z rokov 2015 — 2017.

Pacienti boli rozdeleni do Styroch skupin:

A. pacienti s benignymi komplexnymi (zmiesanymi) névami
(5 pacientov)

B. pacienti s dysplastickymi (Clakovymi) névami (4 pacienti)

C. pacienti so superficidlne sa Siriacim melanémom (SSM)
(4 pacienti)

D. pacienti s pokrocilym noduldrnym malignym melanémom
s pritomnymi vzdialenymi metastazami (NMM) (4 pacienti)

Dostupné vzorky boli Standardne histopatologicky spraco-
vané a farbené hematoxylinom a eozinom s naslednym his-
topatologickym hodnotenim podla aktualne publikovanych
WHO Standardov.

Vzorky boli nasledne imunohistochemicky zafarbené
na pritomnost CD8 + cytotoxickych T-lymfocytov a CD56 + NK
buniek; odparafinované rezy boli kratko inkubované v desti-
lovanej vode s 0,5 % roztokom peroxidu vodika. Nasledne
sme vzorky preniesli do PBS (fyziologického roztoku pufro-
vaného fosfatmi 10 mM, s 0,5 % BSA, 0,005 % Tween, pH
7,2), kde boli inkubované 20 minut. Vzorky boli revitalizova-
né vo vodnom kupeli s pouzitim Dako PT Link (Agilent, Santa
Clara, California) pri pH 8 a nasledne inkubované pocas 1 ho-
diny pri laboratérnej teplote s roztokmi primarnych protilatok

riedenych v roztoku Antibody dilutant (Agilent, Santa Clara,
California). Pouzité boli nasledujlce primarne protilatky: an-
1i-CD8 (Santa Cruz Biotechnology, Dallas, TX) ready to use,
riedend 1 : 2 a anti-CD56 (Santa Cruz Biotechnology, Dallas,
TX) ready to use, riedend 1 : 2. Po preplachnuti 3x 5 minat
vo fyziologickom roztoku PBS boli nadsledne rezy inkubované
40 minut s komerénym polymérom proti krali¢im a mySacim
proteinom konjugovanym s chrenovou peroxidazou Envision
(Agilent, Santa Clara, California) a po opakovanom preplach-
nuti 3x 5 minut vo fyziologickom roztoku PBS bola reakcia
vyvolana inkubéciou s Vector-VIP (Vector Laboratories, Bur-
lingame, USA) pocCas 5 minut. Preparaty boli nasledne krat-
ko dofarbené hematoxylinom.

Expresia vybranych markerov bola hodnotend samostatne
okolo nadorovej lézie (peritumordzne) a vnutri nadorovej 1é-
zie (intratumordzne) semikvantitativne nasledovne:

- bunky neboli pritomné (DPS skére 0)

+  bol pritomny slaby a nepravidelny infiltrat pozitivnymi
bunkami (do 50 na zorné pole 400x) (DPS skére 1)

++ bol pritomny pravidelny infiltrat pozitivnymi bunkami
(50 — 100 na zorné pole 400x) (DPS skore 2)

+++ bol pritomny vyrazny difuzny pravidelny infiltrat pozitiv-
nymi bunkami (viac ako 100 na zorné pole 400x) (DPS
skore 3)

Udaje sme nasledne $tatisticky spracovali. Miera infiltra-
cie tkaniva prislusnym typom imunokompetentnych buniek
je vyjadrena ako priemer + Standardna chyba merania. Nor-
malita hodnoét bola overend pouzitim D’Agostino Pearson
omnibus normality testu. Rozdiely medzi skupinami boli ana-
lyzované pomocou testu neparametrického Mannovho-Whit-
neyho testu. Hodnoty p < 0,05 boli posudzované ako signifi-
kantne vyznamné.

Vysledky

V pripadoch benigneho komplexného melanocytové-
ho névu sme pozorovali len slabu a nepravidelnu infiltraciu
CD8+ cytotoxickymi T-lymfocytmi v okoli 1ézie, v ziadnom
pripade neboli zapalové bunky pritomné vnutri melanocyto-
vych hniezd. V 4 pripadoch sme nepozorovali ziadne CD56+
NK bunky peritumorézne ani intratumordézne, v 1 pripade bol
pritomny slaby pravidelny infiltrat CD56+ NK bunkami peri-
tumordzne.

V porovnani s benignym melanocytovym névom sme
v pripadoch dysplastického névu aj maligneho melanému
zaznamenali vyraznejSiu protinadorovu zapalovu odpoved
charakteristicki vzostupom infiltracie tkaniva lymfocytmi
(obrazok 1).

Pozorovali sme signifikantny vzostup intraléziovo aj pe-
riléziovo pritomnych CD8 pozitivnych cytotoxickych T-lym-
focytov (obrazok 2) v dysplastickom néve (s hodnotou sko-
re 2,25 + 0,48, resp. 2 + 0,41) aj v povrchovo sa Siriacom
malignom melanéme (s hodnotou skére 2,5 + 0,29) v porov-
nani s benignym melanocytovym névom (s hodnotou skére
0,4 + 0,24, resp. 1,75 £ 0,75). V pripadoch pokrocilého nodu-
larneho maligneho melanému bol tento vzostup v porovna-
ni s benignym névom peritumordzne na hranici signifikant-
nosti (s hodnotou skore 2 + 0,41), vzostup intratumordznych
lymfocytov signifikantny nebol (obrazok 3, 4).
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Obrazok 1. Protinddorovd zdpalova odpoved’ v melanocytovych
léziach koZe. V porovnani s benignym melanocytovym névom
(A) sme v pripade dysplastického névu (B) aj superficidlneho ma-
ligneho melanému (C) a pokrocilého noduldrneho maligneho me-
lanému (D) zaznamenali vyraznejSiu protinddorovi zépalovu od-
poved' charakteristick vzostupom infiltrdcie tkaniva lymfocytmi.

CD56+ NK bunky peritumordzne aj intratumorézne nevy-
kazovali Statisticky signifikantny rozdiel medzi skupinami,
len v pripade dysplastického névu sme pozorovali vzostup
(s hodnotou 1,25 + 0,4787), ktory bol v porovnani s benig-
nym komplexnym névom (s hodnotou 0,4 + 0,4) na hranici
signifikantnosti. V pripadoch superficidlne sa Siriaceho me-
lanému (s hodnotou 0,67 + 0,33) a pokrocilého nodulédrneho
melanému (s hodnotou 0,5 + 0,29) sa infiltracia NK bunka-
mi neodliSovala od pripadov benignych komplexnych névov
(obrazok 5).

Obrazok 2. Infiltrdcia tkaniva CD8+ cytotoxickymi T-lymfocytmi.
V benignych névoch (A) sme pozorovali minimalnu alebo Ziadnu
infiltraciu tkaniva CD8+ cytotoxickymi T-lymfocytmi. Ta vyrazne
stdpla v dysplastickych névoch (B), menej vyrazny vzostup sme
pozorovali v pripade pokrocilého nodularneho maligneho meland-
mu (C). IHC-Px, CD8, Vector-VIP (fialova farba), 200x.
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Obrazok 3. Infiltrdcia tkaniva CD8+ cytotoxickymi T-lymfocytmi okolo melanocytovej Iézie. Pozorovali sme
signifikantny vzostup CD8 pozitivnych cytotoxickych T- lymfocytov v dysplastickom néve ako aj v povrchovo
sa Siriacom a pokrocilom noduldrnom malignom melanéme v porovnani s benignym melanocytovym névom.
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Obrazok 4. Infiltrdcia tkaniva CD8+ cytotoxickymi T-lymfocytmi vnutri melanocytovej Iézie. Pozorovali sme
signifikantny vzostup CD8 pozitivnych cytotoxickych T-lymfocytov v dysplastickom néve aj v malignom me-
lanéme Siriacom sa povrchovo v porovnani s benignym melanocytovym névom. V pokroéilom noduldarnom
malignom melanéme tento vzostup signifikantny nebol.
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Obrazok 5. Infiltracia tkaniva CD56+ NK bunkami. NK bunky nevykazovali Statisticky signifikantny rozdiel
medzi skupinami, len v pripade dysplastického névu sme pozorovali vzostup, ktory bol v porovnani s be-
nignym komplexnym névom na hranici signifikantnosti.
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Protinddorova imunita je velmi dolezitd sucast obra- filtracie tkaniva CD8+ cytotoxickymi T-lymfocytmi vndatri
nyschopnosti organizmu pri vznikajucich nadoroch. Mda via-  aj v okoli melanocytovych Iézii, a to uz v pripadoch dysplas-
cero efektorovych zloziek, kf'ti¢ovu ulohu zohrava Specifickd  tického névu. Minimalna, pripadne ziadna infiltracia nebola
bunkova imunita. pozorovana v okoli benigneho komplexného névu. Zaujimavé
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zistenie je, ze v pripadoch pokrocilého noduldrneho melané-
mu pozorujeme nizsiu Uroven infiltracie CD8+ cytotoxickymi
T-lymfocytmi. Podobné, ale menej vyrazné vysledky sme po-
zorovali aj v pripade CD56+ NK buniek, kde vysledky neboli
Statisticky signifikantné.

Podla Park et al.® je pritomnost lymfocytov v malignom
melandme priaznivy prognosticky faktor, ale klinickopatolo-
gicky vyznam intra- a peritumoréznych lymfocytov ostava ne-
jasny. Autori pozorovali, ze vysoka infiltracia lymfocytmi, naj-
ma peritumordzne, bola asociovana s niz§im gradom nadoru
podla Clarka a mensou hrubkou podla Breslowa. U tychto
pacientov bolo tiez pozorované dlhSie prezivanie. V pripade
analyzy subtypov melanému neboli dokazané ziadne signi-
fikantné rozdiely. To je v sulade aj s nasimi pozorovaniami.

Naopak, v studii Rahbar et al.®) sa u pacientov s primar-
nou formou kozného melanému ukazala pozitivha korela-
cia medzi hribkou a Stadiom nddoru a infiltraciou cytoto-
xickymi T-lymfocytmi. Autori vSak nehodnotili samostatne
rozne histologické typy malignych melanémov so zamera-
nim na progresiu choroby. Skimanie pritomnosti lymfocytov
a progndzy pacienta doposial’ neprinieslo jednoznacné za-
very o klinickom vyzname tohto hodnotenia. Predpoklada sa
v§ak, ze imunitny systém je zodpovedny za inhibiciu vzniku
vzdialenych metastdz, destrukciu nadorovych buniek a mo-
Ze byt zodpovedny za spontannu regresiu maligneho mela-
nému. Viaceri autori opisali, Ze maligny melaném bez doka-
zu primarneho origa ma lepsSiu prognézu a menej agresivny
priebeh ako porovnatelny nador, kde je primarne lozisko do-
kazatelné. Za tento paradox je pravdepodobne zodpovedna
prave aktivacia imunitného systému®®),
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Sekvenovanie DNA v laboratornej diagnostike bakterialnych patogénov

Barbora Markuskova, Aneta Lichvarikova, Hana Drahovska
Katedra molekularnej bioldgie, Prirodovedecka fakulta, Univerzita Komenského v Bratislave

V klinickom mikrobiologickom laboratériu sa v su¢asnosti Coraz CastejSie vyuzivaju metody zaloZzené na sekve-
novani DNA. Tradiénym postupom pouzivanym pri identifikacii a typizacii patogénnych baktérii je sekvenovanie
samostatnych lokusov, najc¢astejSie génu pre 16S rRNA alebo siedmich génov kédujtcich proteiny pomocou me-
tody MLST. V poslednom obdobi sa v§ak rychlo rozvijaju aj metédy celogenédmového sekvenovania, ktoré posky-
tuju komplexni informaciu o pévodcovi ochorenia, ale vyzaduju narocné bioinformatické vyhodnocovanie zis-
kanych dat. Na porovnavanie genémov baktérii mozno vyuzit viaceré aplikacie dostupné na internete, napriklad
celogenémovu MLST alebo nastroj PATRIC. Viaceré Specializované databazy umozniuju aj predikciu pritomnos-
ti génov rezistencie proti antibiotikam.

Kldéové slova: patogén, celogendmové sekvenovanie, identifikacia, antibioticka rezistencia

DNA sequencing in laboratory diagnostics of bacterial pathogens

Presently, methods based on DNA sequencing are frequently used in clinical microbiology laboratory. Single lo-
cus sequencing is a traditional method used for bacterial identification and typing, 16S rRNA gene and MLST
are the most frequently used ones. Recently the whole genome sequencing methods were applied in the clinical
microbiology. This approach provides complex information about infectious agents. However, they demand ad-
vanced bioinformatic data evaluation. Bacterial genomes could be compared by several web-based applications;
the examples are the whole genome MLST approach and PATRIC server. Several specialized databases are also

devoted to detection of antibiotic resistance genes in sequenced bacterial genomes.
Keywords: pathogen, whole genome sequencing, identification, antibiotic resistance

Newslab, 2019; ro¢. 10 (1): 25 - 27

V klinickom mikrobiologickom laboratériu sa na identifika-
ciu a typizaciu povodcov infekénych ochoreni tradi¢ne pouzi-
vaju fenotypové diagnostické metddy zalozené na kultivacii
mikroorganizmov, mikroskopickych technikdch a Speciali-
zovanych postupoch, ako je biotypizacia, sérotypizacia ale-
bo stanovenie citlivosti na antibiotika. Zaroven v sucasnosti
dochadza k vyznamnému rozvoju technoldgii sekvenovania
DNA, ¢o umoznuje v praktickych mikrobiologickych aplika-
ciach Coraz viac vyuzivat priame genotypové metady.

Sekvenovanie jednotlivych génov

V taxonémii baktérii sa tradiCne vyuziva Uplné alebo Cias-
to¢né sekvenovanie génu pre 16S rRNA zodpovedného za
syntézu RNA malej podjednotky ribozému. Ako prvy tento
pristup zaviedol Carl Woese, ktory na zdklade porovnania
sekvencii rRNA v roku 1977 definoval Archea ako samostat-
nu taxonomickd skupinu prokaryotov liSiacu sa od klasic-
kych baktérii®. 16S rRNA gén ma dizku priblizne 1,5 kbp a na-
chdadzaju sa na niom konzervativnejSie a variabilnejSie Useky.
To umoznuje navrhnut univerzalne primery (pre vsetky bak-
térie alebo skupinovo $pecifické), ktoré sa pouzivaji na PCR
a sekvenovanie. Pri analyze je dolezité, ze ziskané sekven-
cie mozno porovnavat s databazami sekvencii, a tym vyhod-
notit pribuznost kmernov ziskanych v rozlicnych stadiach.
Existuje niekolko relevantnych databaz ribozémovych sek-
vencii: Ribosomal Database Project, Silva, GreenGenes. Da-
tabdza Living Tree Project (http://www.arb-silva.de/projects/
living-tree/) obsahuje sekvencie 16S and 23S rRNA génov ty-
povych kmenov validne opisanych druhov baktérii a archei
délezitych na taxonomické ucely®.

Okrem nespornych vyhod ma vSak identifikacia baktérii na
zdaklade 16S rRNA génu svoje limity. Prvou nevyhodou je vy-
soka konzervativnost 16S rRNA sekvencii, preto v niektorych
pripadoch nemozno jednoznacne odlisit kmene patriace do
pribuznych druhov, ako su niektoré streptokoky a enterobak-
térie, a tiez nie je mozna diskriminacia medzi réznymi kmen-
mi rovnakého druhu. Zaroven gendmy baktérii obsahuju via-
cero képii rRNA operénu (napriklad geném E. coli ma sedem
rRNA operonov), ktoré nie st sekvencne identické, ¢o znizu-
je presnost pri stanoveni pribuznosti kmenov®.

Okrem ribozémovych génov sa pri identifikacii a typizacii
baktérii Casto vyuziva sekvenovanie génov kédujucich pro-
teiny. Takéto sekvencie mozno porovnavat na Urovni nuk-
leotidov (vysoka variabilita spésobena degenerativnostou
genetického kédu) alebo na trovni aminokyselin (vyssia kon-
zervovanost vhodna pri porovndavani vzdialenejsich taxénov).
Spa typizacia, zalozena na sekvenovani variabilnych oblasti
spa génu kddujiceho stafylokokovy protein A, je ¢asto pou-
Zivana metdda na stanovenie pribuznosti kmenov Staphylo-
coccus aureus®.

V roku 1998 bola na stanovenie pribuznosti kmenov Nei-
seria meningitidis zavedena metdéda multilokusovej sekvenc-
nej typizacie (Multi-locus sequence typing, MLST) a neskor
sa tato metdda zacala pouzivat aj pri typizacii inych klinic-
ky vyznamnych baktérii®. Metdda je zalozena na sekveno-
vani (najCastejsie) siedmich génov rozlozenych v réznych
Castiach bakteridlneho genému. Cielové gény su odliSné pre
rozne bakteridlne druhy, ale plati zasada, ze sa vyberaju gé-
ny zédkladného metabolizmu (tzv. housekeeping gény), kto-
ré predstavuju najstabilnejSiu Cast bakteridlneho genému.
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Pri baktériach je Castym javom horizontalny transfer génov
medzi nepribuznymi baktériami. Preto pri sekvenovani iba
jedného lokusu, ktory bol v predchadzajicom obdobi pred-
metom génového transferu, sa mézu dva kmene javit ako
identické, ale sekvenovanim inych ¢astiich genémov sa zisti,
Ze tieto kmene nie su pribuzné. Sekvenovanim v ramci MLST
sa preto urci/eliminuje vplyv horizontalneho transferu génov
medzi nepribuznymi baktériami.

Metéda MLST ma oproti klasickym typizacnym technikam
(ako napr. PFGE) vyhodu v digitadlnom charaktere sekvenc-
nych dat. Pri vyhodnocovani pribuznosti kmerov sa postu-
puje tak, ze sekvencie z jedného lokusu (génu) sa navza-
jom porovnaju a jednotlivé alely sa ocisluju v takom porad;i,
v akom sa ziskali (1. j. sekvencia lokusu z prvého sekveno-
vaného kmena ma Cislo 1, sekvencia nasledujuceho kmena
lisiaca sa aspon o jeden nukleotid ma ¢islo 2 atd.). Na za-
klade kombinacie alel zo vsetkych lokusov (alelického pro-
filu) sa kmenu priradi vysledné ¢islo nazyvané sekvencny typ
(ST). Vyhodnocovanie a uchovavanie MLST dat sa uskutoc-
nuje v databazach Specifickych pre jednotlivé druhy baktérii.
Vacsinu z tychto databaz mozno najst na stranke http://pub-
mist.org/databases/, na konci roku 2018 tam bolo depono-
vanych 105 schém pre baktérie a 10 schém pre eukaryotic-
ké mikroorganizmy.

Pri vyhodnocovani podobnosti medzi izolatmi sa vycha-
dza z alelickych profilov. Pribuzné kmene maju rovnaké ST
alebo ST, ktoré sa liSia len v niekolkych alelach, nepribuzné
kmene maju sekvenciu odlisnid vo vacsine lokusov. Tymto
sposobom sa pribuzné ST zhlukuju do tzv. klondlnych kom-
plexov, ktoré zahrnuju subor geneticky pribuznych, ale nie
Uplne identickych baktérii®.

Metdéda MLST umoznuje dobre rozlisit kmene bakterial-
nych druhov s vysokou vnutrodruhovou variabilitou, napr.
Neiseria meningitidis, Campylobacter sp., Streptococcus pne-
umoniae, Cronobacter sp. Na druhej strane existuju patogény
napr. Bacillus anthracis alebo Yersinia pestis, ktoré sa vyzna-
€uju vysokou genetickou homogenitou a pre ich typizaciu je
metdda MLST malo diskriminativna®9,

Celogenémové sekvenovanie

Prvym bakterialnym druhom so zndmym genémom bol
Haemophilus influenzae, publikovany v roku 19957, Na je-
ho sekvenovanie bol pouzity klasicky pristup pripravy ge-
némovej kniznice v plazmidovych vektoroch, sekvenovanie
nahodnych fragmentov pomocou Sangerovej metddy a bio-
informatické skladanie ziskanych sekvencii do vyslednej mo-
lekuly, preto bol tento postup pracny, pomaly a cenovo naroc-
ny. V sucasnosti ho nahradili viaceré metédy sekvenovania
novej generacie, ktoré su zalozené na vysokokapacitnom pa-
ralelnom sekvenovani DNA molekul. Tieto metédy su schop-
né generovat obrovské mnozstva zakladnych sekvencnych
dat v kratkom Case a pri nizkych nakladoch na jednu sekve-
novanu bazu. Cena samotného sekvenovania, ktora sa v su-
Casnosti pohybuje pod sumou 100 € za geném, uz nie je li-
mitujicim faktorom, a tak sa celogendmové sekvenovanie
stava dostupnym aj pre mnohé rutinné laboratéria. Napriklad
v USA su od roku 2013 sekvenované genomy vSetkych izola-
tov z humannych klinickych pripadov L. monocytogenes®9,

Délezitou sucastou sekvenovania bakterialnych gené-
mov je bioinformatické vyhodnocovanie ziskanych dat. Vo

vacsine sucasnych next-gen techoldgii je vystupom velké
mnozstvo kratkych navzajom sa prekryvajucich sekvenc-
nych Citani. Preto prvym krokom pri analyze dat je sklada-
nie (assembly) sekvencii do ¢o najdlhsich kontinualnych
Usekov (contigov). ZloZené sekvencie, najcastejsie vo forme
viacerych nespojenych linearnych sekvencii (whole genome
contigs), sa v klinickom mikrobiologickom laboratériu mézu
dalej vyuzit na presnu identifikaciu pévodcu ochorenia, sta-
novenie génov virulencie a rezistencie proti antibiotikdm a na
urcenie pribuznosti kmenov pri epidemiologickych stadiach.

Pre spracovanie Udajov z next-gen sekvenovania je po-
trebné mat k dispozicii bioinformatické nastroje, ktoré su
schopné spracovat velké mnoZstvo dat vo velkych subo-
roch kmenov. Je ziaduce, aby tieto nastroje boli jednodu-
ché na obsluhu a dostupné pre Sirokd odbornu verejnost
bez hibsich znalosti z informatiky a programovania. Jednou
z moznosti pri vyhodnocovani je vyuzitie dostupnych webo-
vych programov, napriklad pomocou aplikacii pristupnych na
stranke Center of genomic epidemiology (http://www. geno-
micepidemiology.org/). Program SpeciesFinder vyhladava
v CiastoCne sekvenovanych genémoch 16S rRNA gény a na
zdaklade najpribuznejsej sekvencie zaradi kmen do bakteri-
alneho druhu. Iny spésob na druhovu identifikaciu je K-mer-
Finder, ktory porovnava v gendémovych sekvenciach pritom-
nost navzajom sa prekryvajticich k-merov s dizkou 16 bp bez
zohl'adnenia ich lokalizacie na chromozéme a kmen zaradi
na zaklade najpribuznejsSieho kmena z databdzy. Tento pri-
stup je velmi rychly a dostatoéne presny. Dal$ie programy
umoznuju zistit z celogenémovych sekvencii niektoré dole-
Zité vlastnosti kmenov: napr. MLST, spa typ, sérotyp, pritom-
nost plazmidov, génov virulencie a génov rezistencie proti
antibiotikdam9,

Inym spdésobom porovnavania celogenémovych sekven-
cii je vyuzitie pristupu MLST, tzv. celogenémové MLST (wg-
MLST) pomocou softvérového nastroja BIGSdb (Bacterial
Isolate Genome Sequence Database)®. Tento program ex-
trahuje z celogenémovych sekvencii bakteridlnych izolatov
sekvencie jednotlivych génov, sekvenciam priradi Cisla alel
podobnym spdsobom ako v klasickej MLST, a potom porov-
nava kmene na zaklade zhody alebo rozdielov v alelach jed-
notlivych génov. Program je vytvoreny hierarchicky a mozno
v nom [ubovolne zvolit stibor génov, ktoré sa pouZiju pri ana-
lyze. Rovnaku databazu preto mozno vyuzit na druhovu iden-
tifikaciu pévodcu ochorenia pomocou analyzy ribozomovych
génov (rMLST), na zaradenie kmenov do sekvenc¢nych typov
a klonalnych komplexov pomocou klasickej MLST aj na typi-
zaciu kmenov s vysokou diskriminaciou (napr. pri sledova-
ni vyvoja epidémii v rdmci jednej nemocnice), ked' sa porov-
navaju sekvencie vSetkych spolo¢nych génov (wgMLST)®™,

Komplexnym ndstrojom na analyzu dat z celogenémového
sekvenovania prokaryotickych organizmov je webova aplika-
cia PATRIC (The Pathosystems Resource Integration Center)
(12 PATRIC umoznuije online analyzu bakteridlnych genémov
jednotlivych pouzivatelov a ich porovnavanie s verejne do-
stupnymi udajmi. Program je primarne zamerany na patogé-
ny, preto ma velkd perspektivu vyuzitia v klinickom vyskume.
Jednou z vyznamnych vlastnosti je vyhladavac génov rezis-
tencie proti antibiotikam, ktory vyuziva databazy so znamymi
mechanizmami rezistencie ako CARD (Comprehensive An-
tibiotic Resistance Database) a NDARO (National Database
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of Antibiotic Resistant Organisms). PATRIC dalej umoznuje
identifikovat gény kddujuce virulencné faktory a transportéry,
modelovat metabolické drahy a porovnavat proteémy jednot-
livych organizmov. Na identifikaciu baktérii mozno vyuzit naj-
blizsieho pribuzného organizmu v databéaze a vyhodnotit fy-
logenetické vztahy v ramci vlastnej zbierky mikroorganizmov.
Komplexnost systému PATRIC dopifiaju aj aplikacie umozfiu-
juce zakladné spracovanie sekvencnych dat, t. j. skladanie
(assembly) kratkych ¢itani do contigov a anotacia sekvencii.

Stanovenie citlivosti na antibiotika

Stanovenie citlivosti podvodcu ochorenia k antimikrobial-
nym latkam je jednou zo zakladnych uloh klinického mikrobio-
logického laboratéria. V suc¢asnosti sa testovanie antibiotic-
kej citlivosti urCuje takmer vyhradne fenotypovymi metédami
na zaklade rastu baktérii v pritomnosti antibakterialnych 1a-
tok. Zaroven v$ak sicasné technoldgie umoznuju odvodit re-
zistenciu kmenov pomocou vyhladdvania génov rezistencie
v bakterialnej DNA. Identifikacia génov rezistencie je vhodna
aj na overenie citlivosti kmenoy, ktora bola urCena fenotypo-
vo, a tiez na identifikaciu kmenov so slabou expresiou v pod-
mienkach in vitro. Detekcia tychto génov sa tradi¢ne robi po-
mocou metdd PCR alebo DNA microarray(. Vyhodou analyzy
celogenémovych sekvencii je, ze v principe poskytuju vSetky
udaje na urcenie molekularnych mechanizmov antimikrobial-
nej rezistencie, a to aj bez predchadzajlcej znalosti fenotypu.
Na predikciu génov rezistencie existuju viaceré Specializované
databazy. Jednou z najpouzivanejsich je databaza ARG-ANOT
(Antibiotic Resistance Gene-ANNOTation), ktori mozno stiah-
nut a vyuzivat pomocou lokalneho softvéru na analyzu sek-
vencii’¥. Druhou moznostou je vyuzitie webovych aplikacii,
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ako je ResFiner (9 alebo CARD(9), ktoré su pravidelné aktua-
lizované. Stanovenie rezistencie priamo z bakterialnych celo-
gendmovych sekvencii zatial' stdle komplikuju nedostato¢né
vedomosti o vSetkych genetickych zmendach veducich k znize-
nej citlivosti bakteridinych kmenov na antibiotika. Najvacsim
problémom pri rutinnej implementacii WGS je aj nedostatok
automatizovanych, pouzivatel'sky privetivych interpretacnych
nastrojov, pomocou ktorych by bolo mozné rychlo a jednodu-
cho poskytnut klinicky vyznamné informécie”. Rychly vyvoj
technoldgii v tejto oblasti je predpokladom efektivneho vyuzi-
tia v blizkej buducnosti.

Zaver

Techniky celogenémového sekvenovania maju velky po-
tencial stat sa pevnou sucastou rutinnych vysetreni v klinic-
kej mikrobioldgii, pretoze umoznuju detailnu analyzu poévod-
cov infekénych ochoreni pomocou univerzalneho pristupu.
Ich vyhodou je aj mozZnost identifikacie patogénov v zmeso-
vych vzorkach bez predchadzajucej kultivacie. Okrem iden-
tifikacie a typizacie mikroorganizmov su tieto techniky prin-
cipidlne vhodné na urCenie rezistencie proti antibiotikam,
aj ked v stcasnosti este nemozno jednoznacne odvodit fe-
notyp mikroorganizmu zo znamej gendmovej sekvencie.
V buducnosti je predpokladom dalSie zlepSovanie technolé-
gii sekvenovania DNA, skratenie Casu a znizenie ceny analyz,
takze tieto postupy budu ¢oraz viac nahradzat tradi¢né meté-
dy zavislé od kultivacie, pouzivané v klinickych laboratériach.
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Processing of genomic data with privacy preserving methods

Rastislav Hekel, Ondrej Pos
Vedecky park Univerzity Komenského, Bratislava

Genomic data become more available and affordable because of the advancements in sequencing technologies.
Analysis and interpretation of these data, especially genomic variants, is essential for development of personal-
ized medicine. Accordingly, a sequenced genome is likely to become the standard part of personal medical re-
cord. Nevertheless, processing and storing genomic data introduces arisk of abuse by potential adversary, since
a genome contains sensitive personal traits and is the ultimate person identifier. Therefore, from security point
of view, genomic data must be treated and protected like personal data. On the other hand, it is crucial to keep
the data available for further research. This conflict of interests is a motivation for development of novel priva-
cy preserving methods for storage and processing of genomic data.

Keywords: genomic data, personal data, privacy, protection

Spracovanie genomickych tdajov pomocou metéd so zachovanim sukromia

Genomické daje sa stavaju ¢oraz dostupnejsimi vdaka pokrokom v sekvenénych technolégiach. Analyza a in-
terpretacia tychto udajov, hlavhe genomickych variantov, je kltiCova pre rozvoj personalizovanej mediciny. V su-
lade s tym sa sekvenovany geném pravdepodobne stane $tandardnou stc¢astou zdravotnej karty. Spracovava-
nie a uchovavanie genomickych udajov vsak sticasne predstavuje riziko ich zneuzitia potencialnym protivnikom,
pretoze geném obsahuje citlivé osobné udaje a je definitivnym osobnym identifikatorom. Z tohto dévodu musia
byt genomické tidaje, z hl'adiska bezpecnosti, spravované a chranené ako osobné tdaje. Na druhej strane je vel-
mi dolezité, aby genomické udaje boli k dispozicii pre d'alsi vyskum. Tento konflikt zaujmov je motivaciou na vy-

voj novych metod pre bezpecné uchovavanie a spracovavanie genomickych udajov.
Klicové slova: genomické udaje, osobné tdaje, sikromie, ochrana

Newslab, 2019; ro¢. 10 (1): 28 — 31

Introduction

A biological sample collected in the beginning of genomic
analysis contains a genome in chemical form as a DNA mol-
ecule. In massive parallel sequencing the molecule is frag-
mented and placed on sequencing platform where frag-
ments are read in parallel creating digital sequences of DNA
bases called reads™. These reads are randomly ordered with
unknown direction and unknown DNA strand of origin. If
genomic reads belong to an organism with known reference
genome, such as human, they are sorted in process called
mapping.

Aim of the mapping is to reconstruct the original ge-
nome sequence. Each read is aligned and thus mapped to
the most probable region of origin on the reference genome.
An aligned and mapped read is often simply called align-
ment. Reads without a sufficiently probable match are con-
sidered unmapped. It is worth to mention that mapping pro-
cess requires significant computer power, hence running it
on computing server in parallel is reasonable. Set of aligned
reads is de facto a digital copy of the DNA contained within
the biological sample®.

Aligned reads reveal differences between a sequenced
and the reference genome, called genomic variants. Whole
set or even specific selection of genomic variants is unique
to each individual hence a genome is the ultimate person
identifier. Moreover, some of these variants reveal sensitive
information such as predisposition to diseases (e.g. cancer)
or physical traits (e.g. race, eye colour)®. (Figure 1)

Typical clinical genetic test is a query on a personal
genomic data. Genetic test can be conducted with goal to se-
lect suitable treatment or to evaluate risk for a particular dis-
ease. Usually, the outcome of this test is based on presence
of specific variants associated with a tested trait. This pro-
vides a great incentive to study genomic variants, which are
de facto the backbone of personalized medicine. Linking
variants to specific traits is a subject of variant associa-
tions studies. Genome-Wide Association Study (GWAS) is
common type of variant study in which genomes of many
participants with varying phenotypes are compared for a par-
ticular trait or a disease. If one variant is more common in
the group with an observed trait, the variant is said to be
associated with it®.

Most variant studies require only limited access to short
regions of specific genes, such as diagnosis of specific dis-
order with a known set of causal genes. In addition, some
analyses do not even require information about genomic var-
iants at all. For example, chromosome aneuploidy detection
needs only information about number of reads aligned to in-
dividual chromosomes, in other words coverage, that is not
major subject to misuse or person identification®.

Although the final product of a variant analysis is not the
genome itself, there is a preference to keep raw aligned reads
along the interpreted variants for the following reasons:

— Algorithms for variant calling are not mature, they can
have various settings and trade-offs.
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Figure 1. Common processing of genomic data intended for medical use. DNA is collected from biological material and placed on
sequencing platform. Until now privacy is protected by standard physical precautions. Typically, personal variants or other medically
relevant personal data are derived from a genome and the genome itself is encrypted and archived. With consent of a patient his per-
sonal genomic data can be tested for specific markers by a medical clinic. Genomic data are subject to potentional abuse, hence they
need to be protected by some privacy preserving method during the whole genetic testing. Researchers have no way to utilize non-per-

sonal data within the sequenced genome without direct consent of patient and support from both the medical clinic and data storage.

Physical precaution

Biological DMNA molecule

material

w

NGS platform

- Disease such as cancer can cause specific variations in
diseased cells. These can be misclassified as sequencing
errors by only looking at variant calls, while examining raw
reads can reveal the true cause.

- It is impossible to know which (novel) variants are going
to be proved as significant in the future.

Until the sequencing the privacy of the genome can be pre-
served by standard physical precautions. However, the se-
quencing creates digital copy of a genome and from there
it must be secured digitally to prevent unwanted copying,
modifying and sharing. The interpretation of genomic data
intended for treatment can be abused in hands of an poten-
tial adversary®. In contrary, it is crucial to keep genomic da-
ta available for further research®.

Privacy problems

In the literature, there are several solutions suggested
for privacy and security of digital health records based on
de-identification and aggregation methods. However, these
solutions are not applicable to personal genomic data as
genome itself is an ultimate identifier of an individual. Ak-
gilin et al. 2015 provide great overview on privacy processing
of genomic data and state the following major problems
which need to be solved®:

WL .

Privacy preserving method

Raw genomic

GATCACAGE
ACCCTATTAR

TGCATTTGOT -
GTCTGGGGT
CACGOGATAT
COAGADGLT(
CGGAGCACCE

Encrypted raw
genomic data

Application for
] genetic testing

Patient

— Private read alignment on public cloud
Alice wants to make a sequence alignment for her whole
genome on a public cloud controlled by Bob, without re-
vealing the genome to Bob.

— Query on private genomic data
Alice wants to test her genome for some biological trait.
The test is provided by Bob, who must query Alice’s ge-
nome with publicly known markers for that trait. Alice
does not want to reveal her whole genome to Bob.

— Query on private genomic database
Alice want to test a hypothesis using a genomic data-
base, while Bob (responsible for the database) wants to
preserve the privacy of the data-owners.

- Privacy-preserving sharing of private statistical database
GWAS produces population statistics for associations be-
tween variants and specific traits. Alice wants to query
statistics relevant for her study, while Bob (responsible for
GWAS) do not want to reveal if some individual is part of
GWAS.

Cryptographic solutions
1. Secure Multiparty Computation (SMC)

Sequence alignment is likely to be outsourced to pub-
lic clouds due to high computation cost. Public cloud is
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considered as an insecure environment where private da-
ta can be obtained by an adversary. Due to this concern se-
cure computation scheme must be used instead of standard
alignment algorithms. SMC is basis of some proposed solu-
tions®. The method allows two or more entities jointly com-
pute on private data without revealing the data to each other
or a third party. This enables outsourcing most of computa-
tion intensive read mapping without disclosing genetic in-
formation. Moreover, work of Jagadeesh et al. 2017 showed
how SMC can be used to securely identify causative variants
in individuals between multiple parties. More precisely, they
focus on variants in Mendelian patients and use SMC meth-
ods based on Yao’s protocol. The computation can be run
on the whole genomes provided by various parties (e.g. in-
stitutions, patients) to jointly discover the causative variants,
while not revealing the genomes to each other(?.

2. Homomorphic Encryption

Variant association studies require unrestricted access to
large databases of genotype and phenotype data to compute
reliable statistics. These data collected from volunteering pa-
tients are at risk of privacy breach when stored in unencrypt-
ed form. Kim et al. 2015 proposed solution to this problem:
encrypting both genotype and phenotype data by homomor-
phic encryption scheme. They take several statistical algo-
rithms commonly used in GWAS studies and altering them
so they can be run on the encrypted data. Homomorphic en-
cryption is allowing to directly compute on the encrypted da-
ta without knowing a passphrase(. Work of Sousa et al.
2017 enables a user to securely store and retrieve millions
of genomic variants of all types for one or multiple individu-
als on the cloud. Variants are encrypted with symmetric key
and can be efficiently searched without revealing anything to
the cloud provider. They use homomorphic encryption and
private information retrieval techniques?. Novel approach
proposed by Shimizu et al. 2016 combines efficient string
data structure called positional Burrows—Wheeler transform
(PBWT) with two cryptographic techniques called additive
homomorphic encryption and oblivious transfer(d.

3. Differential privacy

It is impossible to publish information from a private sta-
tistical database without revealing some amount of private
information, therefore a small number of database queries
can reveal a presence of some record. For instance, the pres-
ence of specific genome with known minor allele fregencies
can be detected in some statistical dataset. First, these fre-
quencies must be compared against reference population
frequencies and then against frequencies from the dataset.
Finally, the difference is evaluated with statistical t-test.("%.
Differential privacy solves this problem by maximizing the
accuracy of queried statistics while minimizing the informa-
tion about presence of specific record. Solution offers trade-
off between utility (accuracy) and privacy. Unencrypted data
is available only through special queries which add noise to
the result of each query. Differentially private genomic data-
bases differing from each other by only one individual's da-
ta, have indistinguishable statistical features.

Processing of raw genomic data

Clinical genetic testing is becoming common in person-
alized medicine and each conducted test introduces a risk
to genomic privacy of a patient. Since most of these tests
are based on presence of specific genomic variants, the typ-
ical solution is to extract all the variants from an underly-
ing genomic data and store them in encrypted form suitable
for secure analysis('"'2'9, The raw genomic data, typically in
form of aligned reads, are not further considered. They are
usually encrypted and stored separately so they can be re-
used in the future when novel variants are discovered.

Only one of all examined works on the subject of genom-
ic privacy is focused at secure storage, retrieval and pro-
cessing of a raw genomic data. Ayday et al. 2014 pro-
pose a scheme that stores genomes of patients in form
of encrypted alignments, in a public biobank. A medical
unit can request a genomic region from a biobank without
revealing the scope of the request, so the biobank can not in-
fer the nature of the genetic test behind the request. The bio-
bank provides only alignments that include at least one base
from the requested range. Nucleotide bases outside of this
range are masked from the medical unit while no decryption
is involved. Returned alignments are decrypted in requested
range at the medical unit. Encryption keys are stored sepa-
rately at masking and key manager, because not all patients
are capable of protecting their keys on a private device. Fur-
thermore, when patient controls his key, he must be involved
in all operations of medical unit, related to his genome,
which is not practical when conducting research. Identities
of medical units or patients are not revealed to the masking
and key manager('®.

Protection from third party

Even though conventional digital security methods can
protect against unauthorized use of personal data, they do
not protect the data from misuse by an authorized third par-
ty. The data can be potentially accessed by a third party
in legal way under data sharing policy without the owner’s
knowledge. According to some opinions, this problem can-
not be efficiently solved using current technological solu-
tions. For this reason, the solution seems to remain on legis-
lation and on the awareness of the society('®. Although this
may be true, the dynamic consent approach give the owner
an ability to retain control over his personal data. Instead of
giving single consent to share the data under some policy at
the time of sampling, the owner can choose to share his da-
ta with trusted party on demand. This aspect is considered to
be a core element of modern information privacy(”.

Conclusion

All of the reviewed schemes for privacy preserving pro-
cessing of genomic data do not consider or completely en-
crypt the underlying raw genomic data. Retrieval, decryption
or interpretation of the raw genomic data is available only
through special procedures by authorized parties. Besides,
some sort of consent is required when requesting the da-
ta. As a result, information produced by DNA sequencing is
constrained or unavailable for further research by scientific
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community. Nevertheless, information within raw genomic
data not related to personal variants should be fully availa-
ble for scientific studies. This information is not considered
private or individual specific, therefore it can be utilized by
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Secondary findings in the era of genomic medicine

Zuzana Kubiritova
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By the using of whole exome and whole genome analyses in the field of genomic medicine, an amount of da-
ta generated is increasing widening thus also the spectrum of results from genetic analyses. Secondary find-
ings (SF) represent the results of genetic analysis that are not directly related to the primary aim of the analy-
sis. These are positive findings in genes known to cause rare genetic diseases for which there is currently some
form of therapy or prevention. The association of American College of Medical Genetics and Genomics (ACMG)
recommends to investigate these genes in parallel with the every primary analysis ordered and encourage lab-
oratories/clinicians to disclose these results to patients. However, besides that such SF have potential medical
benefit, they also represent additional work for the laboratories/clinicians, and certain psychological burden for
patients and their relatives. Therefore, there are different views on ACMG recommendations and the question is
widely debated.

Keywords: secondary findings; incidental findings; genetic testing and screening; massively parallel sequencing

Sekundarne zistenia v ére genomickej mediciny

Pri pouzivani celoexémovych a celogenémovych analyz v genomickej medicine narasta mnozstvo generovanych
dat, teda aj spektrum vysledkov genetickych analyz. Sekundarne zistenia predstavuju vysledky genetickej analy-
zy, ktoré sa netykaju priamo primarnej analyzy. Su to pozitivhe nalezy v génoch, o ktorych je zname, ze zapricinu-
ju zriedkavé genetické ochorenia, pre ktoré v stiCasnosti existuje nejaka forma terapie i prevencie. Spolo¢nost
Amerického kolégia lekarskej genetiky a genomiky (ACMG) odportica vySetrovat takéto gény popri primarnej
analyze, pricom odporuca tiez, aby laboratéria/lekari reportovali tieto vysledky pacientom. Hoci sekundarne zis-
tenia maju potencidlny medicinsky benefit, predstavuju pracu navyse pre laboratéria a lekarov, ako aj psychicku
zataz pre pacienta a jeho pribuznych. Preto na odportcania ACMG existuju rozne nazory.

Klicové slova: sekundarne zistenia; nahodné zistenia; genetické testovanie a skrining; masivne paralelné sek-

venovanie
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Introduction

Due to technological advances and decreasing cost of
DNA sequencing, especially the massively parallel (MPS) ver-
sions of it, this method became accessible for many indica-
tions and for many health care providers™. Applications of
MPS expand to many other fields. They are useful for identi-
fication of de novo variants, diagnostics of monogenic and
complex diseases and also for prognostic, reproductive and
prenatal diagnostics and in choosing of appropriate thera-
py?3. Fast implementation of MPS into clinical practice in
arelatively short time brought many challenges and barriers,
which must be overcome for effective use of benefits and
opportunities offered by MPS in the context of improving
healthcare. At present, there are available plenty of molecu-
lar-diagnostics tests, ranging from analysis of single gene or
gene panels to sequencing analysis of whole exomes (WES)
or even whole genomes (WGS). Secondary findings repre-
sent one of many benefits offered by MPS. This article pro-
vides an overview of main aspects and problems regarded
of managing of secondary findings, which are currently the
most discussed topic in the field of genomic medicine. Prac-
tical application of secondary findings analysis represent an-
other important part of this topic, however they are not sub-
ject of this article.

Incidental and secondary findings

As DNA sequencing getting scaled up to exome and ge-
nome levels, it increases the probability of identification of
potential abnormalities that are not directly related to the rea-
sons, for which testing was primarily ordered. These findings
are named by a well-known term ,incidental findings” (IF)®.
It is estimated that during WES the probability of identifica-
tion of such type of finding in adult population is 1,2%-5%
and is rising if the analyzed region is increasing®. The pri-
mary findings are always results of active investigation of
primary genomic targets for which the test was designed.
However, IF do not describe always the same and for exam-
ple for patient undergoing testing due to suspected diagno-
sis, IF could mean something different as for clinician who
can expect such findings (known as anticipatable findings).
On the other hand, for healthy individuals undergoing genetic
testing from various reasons virtually all findings are inciden-
tal*®. In 2013, the association of American College of Med-
ical Genetics and Genomics (ACMG) created the minimum
list of genes and recommended to investigate these genes
in addition with any ordered primary genomic analysis. From
the findings in these genes they recommended to report well
known pathogenic and likely pathogenic variants to patient
as IF. The listincluded 56 genes that are associated with rare
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monogenic diseases for which there is an effective therapy
or prevention available (so called preventable clinical condi-
tions). These are mainly cardiologic conditions and specific
types of cancers?”). The ACMG also elaborated a process for
including/excluding genes for the minimum list and estab-
lished the Working Group for overseeing of updating the list.
In line with this, in 2016 they published the updated ACMG
recommendations with 59 genes on the list (Table 1) andsev-
eral updates on recommendations. The ACMG recognized
the need for detailed informed consent in which patient can
choose if want to know the results of such analysis. Second
change was that the term ,secondary finding” (SF) replaced
the original term of ,incidental findings”, because ,IF” is not
suitable name for process in which genes from the list are in-
tensively investigated, i.e. they are not truly incidental®. The
term ,incidental findings" was reserved to those which are
to be find in the region of the primary analysis but are not re-
lated to the primary diagnosis. It was reported that approx-
imately 2% of all samples sequenced had such a finding®,
while similar frequency of positive SF was also confirmed
in a recent study in which 1%-1,5% out of 5000 participants
have a SF in genes from the ACMG list("9.

Attitudes to the analysis of secondary findings
Genomic testing has tended to move from research to
clinical practice, however it is important to emphasis that

the research and the clinical field are two fundamentally dif-
ferent activities. While the main objective of research is pro-
gress in science, in clinical field it is a responsibility for pa-
tient. Participants of research studies are usually patients
recommended by clinician, so it is necessarily to set up con-
ditions in accordance with ethic principles which are com-
mon in clinical field. It means that a component of research
should be the ethic protocol, which is a generally adhered in
clinical care, although in research normally does not exist('".
Because of this it is difficult to decide how to approach of
processing SF and so various views exist on the ACMG rec-
ommendations. Also, other organizations have published the
recommendations regarding SF in genomic sequencing. Un-
like ACMG recommendations these differ mainly in attitude
to opportunistic screening also in the case of life threating
clinically relevant findings. As an example, the recommenda-
tions of the Canadian College of Medical Genetics (CCMG)
(2 and the recommendations of the European Society for Hu-
man Genetics (ESHG)(?, these prefer cautious approach in
analysis of SF regarding to lack of empiric knowledge about
clinical significance of some variants. Both recommenda-
tions prefer targeted approach for analysis of genomic re-
sults and with the use of selective filtering process they limit
the analysis only to narrow choice of genes related to prima-
ry request of testing. By this approach they avoid of detection
of SF (Table 2). Recently, The French Society of Predictive

Table 1.The list of genes recommended by ACMG for analysis of secondary findings. In the table there are 29 phenotypes of rare di-
seases and 59 genes associated with them. Next to the gene it is indicated a mode of inheritance.

Phenotype

Hereditary breast and ovarian cancer

BRCAT1> BRCA2#P

Li-Fraumeni syndrome TP53%°
Peutz-Jeghers syndrome STK114°

Lynch syndrome MLH14>- MSH24> MSH6> PMS24°
Familial adenomatous polyposis APCH?
MYH-associated polyposis; adenomas, multiple colorectal, FAP type 2 | MUTYHA®

Juvenile polyposis BMPR1A> SMAD4*°
Von Hippel-Lindau syndrome VHLA°

Multiple endocrine neoplasia type 1 MENT#°

Multiple endocrine neoplasia type 2 RETA®

Familial medullary thyroid cancer RET*®

PTEN hamartoma tumor syndrome PTEN®®
Retinoblastoma RB74P

Hereditary paraganglioma-pheochromocytoma syndrome

SDHD*> SDHAF24°, SDHCA® SDHB*®

Tuberous sclerosis complex

TSCT14> TSC2%°

WT1-related Wilms tumor WT7%0
Neurofibromatosis type 2 NF2#°
Ehlers-Danlos syndrome, vascular typer COL3AT7#

Marfan syndrome, Loeys-Dietz syndromes, and familial thoracic
aneurysms and dissections

FBN1%°, TGFBR1°, TGFBR2*°, SMAD3"°, ACTA2*°, MYH114P

Hypertrophic cardiomyopathy, dilated cardiomyopathy

MYBPC3"°, MYH7%°, TNNT2°, TNNI3*°, TPM14°, MYL3*°, ACTC1°, PRKAG2"°,
GLAX, MYL2*°, LMNA*®

Catecholaminergic polymorphic ventricular tachycardia

RYR2°

Arrythmogenic right ventricular cardiomyopathy

PKP24°, DSPA°, DSC2"°, TMEM43°, DSG2*°

Romano-Ward long —QT syndrome types 1, 2, 3, Burgada syndrome

KCNQ1°, KCNH2"°, SCN5A"P

Familial hypercholesterolemia

LDLRS®, APOBSP, PCSK9"P

Wilson disease

ATP7B"R

Ornithine transcarbamylase deficiency

oTCc*

Malignant hyperthermia susceptibility

RYR1%°, CACNA1S*®

AD - autosomal dominant; SD — semidominant; AR — autosomal recessive; XL — X-linked®
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and Personalized Medicine (SFMPP) published similar rec-
ommendations as ACMG. These are related to the manage-
ment of SF in cancer-related genes in adults. They creat-
ed the list of 60 hereditary cancer-related genes (of which
22 are on the ACMG list). Genes were divided into 3 class-
es according to the evaluation the risk, actionability and lev-
el of evidence from the literature. Based on these criterions
SFMPP recommends informing clinician and patients of SF
in actionable predisposition genes related to hereditary can-
cers (class 1), but the informed consent must be given. The
SFMPP emphasize the need for double consent, i.e. after
a period of time, patients can go back to their decision and
can express their opinion again®4.

How to proceed in the management of secondary
findings?

Controversy recommendations of ACMG met a lot of crit-
icism. They are subject of many debates, on which the ethic
aspects of genomic testing and views on reporting of results
in the field of research and clinical diagnostics are discussed.
Based on recent studies, arguments for non-disclosing of re-
sults are various. The most often argument is the possibili-
ty of psychologic harm, stress, anxiety or behavioral chang-
es due to disclosing of sensitive information, from which not
all could be solved. Beside this, all clinical data could cause
discrimination and stigmatization in private life but also from
the part of employers or insurance companies(>'®, These
negative implications of knowledge of results affect patient
and his relatives. Arguments for non-disclosing of results re-

gard also the need of verification such findings and it rep-
resents increasing cost of laboratories for validation tests
and beside this, there is the need for qualified specialists
who should mediate managing of SF. The most significant
concern is that after detecting of SF a therapy is needed,
and this could be itself harmful and expensive and it may
not be covered by insurance company(%'). Arguments for
disclosing of results are not so various, they focus on pa-
tient's health due to that medically relevant findings could ini-
tiate an early treatment and prevent development of disease.
Not only patient but also his relatives could profit from such
findings®. In other studies, experts and also general public
express their opinion on managing SF, why and in what case
SF should be investigated, which results should be disclosed,
who is authorized to make a decision regarding of disclos-
ing results and who should report these results('51°20, Many
studies discuss the motivations and worries of patients from
genetic testing and if the patients are willing to pay for such
analysis. Patients preferences regarding types of disclosed
results are also discussed®??, It follows from recent stud-
ies that, the view of most of the responders is that for the
better healthcare the SF should be investigated, but it is ap-
propriate to know the patient’s preferences. The most of pa-
tients or participants want to know results also in the case
that not all results are actionability findings, but there are
also patients who want to know only the results of the pri-
mary analysis. Before testing, patients should get relevant
information regarding of analysis, types of results, their im-
plications and the possibilities of therapy or prevention in the

Table 2. Attitude of selected organizations to analysis of secondary findings. In the table there are 3 organizations dealing with human
genetics and their views on analysis of SF summarized in 4 key points(edited from 32)

Key points ACMG (7,8) CCMG (12) ESHG (13)

Possibility of SF, and which might be returned, must be discussed during informed consent

Laboratories should take a targeted appro-
ach, limiting their search to genes relevant
to the primary indication where possible

Laboratories should take a targeted appro-
ach, limiting their search to genes relevant
to the primary indication

Where an additional list of genes is screened, participants can opt out of their screening

Informed
consent
Opportunistic Laboratories should screen list of genes
sg-':aenin known to be associated with medically im-
9 portant conditions for pathogenic variants
Opt out Participants can opt out of the screening of
P the list of additional variants
Children Should be screened for adult-onset disor-
ders as they are clinically useful to parents

Should not be screened for adult-onset di-
sorders as standard practice

Guidelines need to be established as to
which information should be returned in
children

Figure 1. Scheme of secondary findings analysis. The picture illustrates how should be manage secondary findings analysis. The ana-
lysis should consist of 3 main steps which should be perform step by step as indicated by arrows. The text under each step express
what should be included in this step. MPS-massively parallel sequencing.
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case of identifying of positive findings. Based on these infor-
mation, patients could decide if they want to know these re-
sults and if yes which one. After testing the disclosing of re-
sult should be managed by the genetic specialist during the
counseling (Figure 1).

Secondary findings in minors

Issues related to reporting of clinically significant find-
ings from genetic testing of children and minors represent
a special category of discussions to SF. While genetic test-
ing and screening of newborn are common, genetic testing
of pediatric patients are not so common and should be indi-
cated only in the case of suspected diagnosis or selecting
or setting up a dose of pharmacologic drugs. Positive fami-
ly history of genetic disease should be known in the case of
predictive testing of pediatric patient and an early interven-
tion should positively affect the morbidity and mortality®4. In
many countries information from genetic testing of child not
related to his health condition are not generated. Also, late
onset diseases are not investigated. For the maintaining of
children autonomy testing of carrier status and reporting of
results are postponed until the time when a child will be able
to decide and actively present during pre- and post- test con-
sultation®, Views on reporting these findings are different
among organizations®'2'3), Although this information could
have radical mental and emotional impact due to the child
is ,predestinated” that a disease will develop in him in a few
years®@, they represent a medical benefit and only single way
how to detect pathogenic variants in parents or in other rela-
tives. Because of that ACMG recommends to screen genes
with known clinical significance and report results of IF and
SF without limitation of age of patient®.

Informed consent in genetic testing

Informed consent serves as protection of patient’s or par-
ticipant’s autonomy based on ethical principles of respect of
human rights®”. Although genomic analyses have benefits
they have some risks also and this all should be discussed
during informed consent obtaining process. Informed con-
sent would not meet its purpose in the case of not adequate-
ly explained aspects related to: technical and interpretation-
al limitations; probability of detecting clinically significant
findings (IF or SF); or the risk of loss of privacy or private
information®. Informed consent should include describing
of method, process of testing and their limitations. Deter-
mining of patient’s preferences related to types of results for
disclosing should be also included in informed consent. Im-
portant part of informed consent is related to process of dis-
closing results in the case that patient dies prior to disclos-
ing results. And another important part of informed consent
is related to data re-analysis or storing the results in medi-
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HCV infection — more than 20 years of drug development

Silvia Rybecka', Adriana Liptakova?, Stanislav Stuchlik'?

Department of Molecular Biology, Faculty of Natural Sciences, Comenius University, Bratislava
2Institute of Microbiology, Faculty of Medicine, Comenius University, Bratislava

3Science Park, Comenius University, Bratislava

Since the discovery of hepatitis C virus (HCV) in 1989 as a causing agent of acute and chronic hepatitis C (HC),
therapy of the disease underwent substantial progress. Interferon was the golden standard for treating HC pa-
tients for more than two decades. This so-called conventional therapy resulted in sustained virological response’
(SVR) only in 50 % of HCV genotype 1 patients and 80 % of HCV genotype 2 and 3 patients. This treatment had not
only a significant impact to patient’s quality of life but also was long-lasting (24-48 weeks). Nowadays pangeno-
typic regimens combining direct acting antiviral drugs (DAADs) are successful for 95 % of all HCV genotype pa-
tients and the therapy has shortened to 8 weeks.

Keywords: Hepatitis C, HCV polymorphism, direct acting antiviral drugs

Infekcia HCV - viac ako 20 rokov vyvoja terapie

0d objavenia virusu hepatitidy C (HCV) v roku 1989 ako povodcu akutnej a chronickej hepatitidy C (HC) terapia
tohto ochorenia znacne pokrocila. Liecba interferonom predstavovala zlaty Standard terapie pre pacientovs HC
viac ako dve dekady. Tato takzvana konvenéna terapia vyvolala dlhodobu virologicku odpoved' (SVR) iba u 50 %
pacientov s HCV genotypom 1 a u 80 % pacientov s genotypmi 2 a 3 s negativhymi dosledkami na kvalitu zivo-
ta pacienta a dizkou trvania 24 a7 48 tyzdiov. Sti¢asna pangenotypicka liecba, pozostavajlica z kombinacie ta-
kzvanych priamych antivirotik, je G¢inna az pre 95 % pacientov vSetkych HCV genotypov s minimom neziadu-

cich ucinkov.

Klicové slova: hepatitida C, polymorfizmus HCV, priamo Gc¢inkujuce antivirotika
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WHO estimated that in 2015, 71 million persons were li-
ving with chronic HCV infection worldwide (global prevalen-
ce: 1%) and that 399 000 had died from cirrhosis or hepato-
cellular carcinoma. Aside from the burden of HCV infection
secondary to liver-related sequelae, HCV causes an additio-
nal burden through comorbidities among persons with HCV
infection, including depression(, diabetes mellitus® and
chronic renal disease®. A proportion of these morbidities is
directly attributable to HCV and is therefore referred to as ex-
trahepatis manifestations. These manifestations are likely to
be affected by treatment®.

Mechanism of infection

HCV, which is transmitted parenterally, enters the liver via
the bloodstream. In the liver sinusoids, the virus can pass the
fenestrated endothelium and contact the basolateral surface
of hepatocytes. HCV host cell entry is a complex multistep
process that requires numerous host cell proteins like sca-
venger receptor class B type | (SCARB1), claudin-1, occlu-
din and tetraspanin CD871. All four entry factors needs to be
expressed on HCV-susceptible cells®. SCARB1 and CD81
binds to glycoprotein E2 on the surface of virion. However,
exact function of all four host cell receptors is not clear and
its experimental evidence is lacking. After cell surface bin-
ding and coordinated interaction with entry factors, HCV is
taken up by clathrin mediated endocytosis.

No vaccine

Despite 20 years of intensive research, a vaccine to pre-
vent infection with the HCV remains elusive. HCV diversity
is classified into seven genetically distinct genotypes (HCV
1-7) that differ by more than 30 % at nucleotide level, and in-
to more than 50 subtypes that differ between 15 % and 25 %
at nucleotide level within genotypes. A major barrier for the
development of vaccines, broadly active antivirals, and as-
says, is the high genetic diversity of HCV and its potential to
quickly adapt to different environments. HCV is under con-
stantimmunological pressure. Neutralizing antibody respon-
se of the host is targeting mainly the viral envelope proteins
E1 and E2, but the virus manages to escape due to the lar-
ge plasticity in the highly variable regions in these proteins.
Effective targeting of conserved regions (Figure 1) in the ge-
nome may improve vaccine design. While vaccine design is
still under experimental stage, development of DAADs has
progressed into clinical practice.

HCV - basics, that helped to improve the therapy
Understanding of all aspects of HCV lifecycle helps to find
therapy strategies targeted straightly to virus. An example of
this approach is discovery of miRNA-122 (miR-122) involve-
ment in HCV infection and subsequent development of drug
called miravirsen. HCV relies on the host miR-122 in a unique
way as miR-122 binds to the 5 -non-translated region of the

Sustained Virological Response = absence of anti-HCV and HCV RNA in the blood 12 weeks after treatment
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HCV genome, which results in increased stability of the lat-
ter and thus increased replication. Miravirsen represents the
first RNA-interference-based drug currently undergoing pha-
se Il of clinical trials?. Silencing of expression miR-122 by
Miravirsen leading to HCV genome degradation may be a so-
lution for HC patients resistant to current pangenotypic re-
gimens.

The story of increasing effectiveness

15 years ago the standard of care of adolescents and chil-
dren infected with HCV was dual therapy with pegylated-in-
terferon and ribavirin for 24 weeks for genotypes 2 and 3,
and 48 weeks for genotypes 1 and 4. This combination re-
sulted in an SVR rate of around 52% in children infected with
HCV genotypes 1 and 4, and 89% in those infected with HCV
genotypes 2 and 3, but was associated with significant si-
de-effects®.

Table 1. Direct-acting antivirals (DAAs) divided according to class®

In 2011, two inhibitors against NS3 and NS4A viral pro-
teases have been included in standard therapy in some re-
gions, including Slovakia, which are mainly focused on the
treatment of genotype 1. The triple combination of PEG-in-
terferon, ribavirin and protease inhibitors improved virolo-
gical response in several cohorts of patients from 50 % to
70 %610,

However, this approach has limited efficacy for a particu-
lar group of patients (with liver cirrhosis, liver transplant pa-
tients, patients who are primarily unresponsive to this type
of treatment, and hemodialysis patients). An important as-
pect of the development of the NS3 inhibitor is resolution
of the crystalline structure of this protein alone and in con-
junction with the cofactor, which facilitated the design of
the drug. There are currently several drugs that inhibit NS3
protease (Table 1). All DAADs against NS3 target the active

NS5B polymerase inhibitor

NS5B polymerase inhibitor

BRI G e (Ll it (nucleotide analogue) (non-nucleoside analogue)
Glecaprevir Daclatasvir Sufosbuvir Dasabuvir
Voxilaprevir Velpatasvir
Grazoprevir Ledipasvir
Paretaprevir Ombatasvir
Simeprevir Pibrentasvir

Elbasvir

Figure 1. The HCV genome consists of a 9.6 kilobase ORF flanked with 5’ and 3’untranslated regions®. IRES-mediated translation of
the ORF produces polyprotein that is processed by cellular and viral proteases into ten viral proteins: C, ET and E2 structural proteins,
and P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B non-structural proteins. Abbreviations: C: Core protein, IRES: Internal ribosome entry
site, ORF: Open reading frame, NS: Non-structural protein
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site of the protease, but it has been identified substitutions
at this site that cause resistance(.

NS5A is another virus protein candidate to inhibit. This
multifunctional protein is an essential component of the
viral replication complex, involved in the regulation of repli-
cation and the composition of the viral particle. These drugs
(Table 1) have become a central part of the current combi-
ned DAAD therapy but have a relatively low barrier to the de-
velopment of viral resistance(.

NS5B is an HCV protein that functions as a RNA-depen-
dent RNA-polymerase and is therefore a target for the inhi-
bition of viral replication. The basic research of the NS5B
polymerase has enabled the generation of efficient nucle-
oside analogues against HCV virions with various pange-
nomes. The great advantage is that it is targeting a highly
conserved enzyme, and therefore, in this case, the barrier to
the development of resistance is high. This category inclu-
des the drug sofosbuvir, which is used in the treatment of
all genotypes of HCV. The combination of sofosbuvirus with
the NS5A inhibitor velpatasvirus is effective against all six
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HELLP syndrém

Lucia Strieskova
Geneton, s. r. 0., Bratislava

HELLP syndrém je tehotenské ochorenie spajané s tazkou formou preeklampsie, pricom termin HELLP je skrat-
ka pouzivana na opis klinického stavu, ktory vedie k hemolyze, zvySenym pecenovym enzymom a nizkemu poctu
krvnych dosticiek. Etiolégia HELLP syndromu nie je eSte Uplne objasnenad, no syndrém je spojeny s vaznymi kli-
nickymi komplikaciami, ktoré moézu viest k smrti matky a aj plodu. Preto je nevyhnutné najst sposob, ako rych-
lejsie diagnostikovat toto ochorenie a najst vhodnu klinicku intervenciu. HELLP syndrom je najcastejSie diagnos-
tikovany medzi 27. a 37. tyzdriom tehotenstva, no méze byt zaznamenany az po porode.

Klicové slova: HELLP syndrém, preeklampsia, hemolyza

HELLP syndrome

HELLP syndrome is a pregnancy-related disease associated with a severe form of preeclampsia; the term HELLP
is an abbreviation used to describe a clinical condition that leads to hemolysis, elevated liver enzymes and low
platelet count. The etiology of HELLP syndrome is not fully elucidated yet, but the syndrome is associated with
serious clinical complications that can lead to the death of both the mother and the foetus and it is, therefore,
necessary to find a way to diagnose the disease more quickly and find appropriate clinical intervention. HELLP
syndrome is most frequently diagnosed between the 27" and 37" weeks of pregnancy, but it can also be record-
ed postpartum.

Keywords: HELLP syndrome, preeclampsia, hemolysis
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Uvod

HELLP (hemolysis, elevated liver enzymes, low platelet
count) syndrém je zavaznou komplikaciou tehotenstva, kto-
ry sa vyskytuje u 0,2 — 0,8 % tehotnych zienav 70 — 80 % pri-
padov koexistuje s preeklampsiou. Preeklampsia je defino-
vana ako novy nastup hypertenzie a proteinurie po 20. tyzdni
tehotenstva u predtym zdravej zeny. Av§ak hypertenzia alebo
proteindria nie su pritomné u 10 — 15 % zien, u ktorych sa vy-
vinul HELLP syndrém®. HELLP syndrém v roku 1982 prvykrat
opisal Weinstein a kol., pricom termin HELLP je skratka pou-
zivana na opis klinického stavu, ktory vedie k hemolyze, zvy-
Senym pecenovym enzymom a nizkemu poctu krvnych dosti-
Ciek@. HELLP syndrém moze viest k roznym komplikaciam
ohrozujuicim zivot, ako je abrupcia placenty, pl'icny edém na-
sledovany akutnou respiracnou insuficienciou, cerebralne kr-
vacanie, septicky Sok, akutne zlyhanie obliCiek a hepatické
krvacanie v dosledku ruptdry pecene®™.

Klinické priznaky a vyskyt

Typickymi klinickymi priznakmi st bolest a palpacna cit-
livost v epigastriu a v pravom hypochondriu, Unava a nespe-
cifické priznaky. Dalej su to opuchy tvére a konéatin, nauzea,
vracanie, poruchy zraku, krvacavé prejavy a hnacka; az 30 -
60 % zZien ma bolesti hlavy. Mnoho pacientok vSak opisuje aj
malatnost par dni pred nastupom symptémov. Priznaky zvy-
Cajne nepretrzite postupuju a ich intenzita sa ¢asto spontan-
ne meni. HELLP syndrém sa prejavuje vacsinou pocas noci
a cez den priznaky ustupuju®.

V 70 % pripadov sa HELLP syndrém prejavi pocas teho-
tenstva medzi 27. a 37. tyzdnom. Priblizne v 10 % pripadov
sa prejavi pred 27. tyzdiiom tehotenstva a 20 % po 37. tyzdni
tehotenstva. HELLP syndrém sa moze prejavit aj po pérode,

a to vacsinou do 48 hodin u zien, ktoré mali pred pérodom
hypertenziu alebo proteindriu. Hoci je to u kazdej tehotnej ze-
ny variabilné, nastup HELLP syndrému je zvycCajne rychly®.
Zeny s &iastoénym HELLP syndrémom maji menej
symptdmov a vyvinie sa u nich menej komplikdcii ako u Zien
s Uplnym syndrémom. AvsSak Ciasto¢ny alebo nelplny HEL-
LP syndrém sa moze vyvinut na Gplnd formu tejto choroby®.
Sestry a deti zeny, ktora trpela HELLP syndrémom, ma-
ju zvysSené riziko HELLP syndrému. Takisto zena, ktord uz
v predchadzajicom tehotenstve mala HELLP syndrém, ma
zvysené riziko jeho opatovného vzniku (14 - 24 %) a rovnako
preeklampsie (22 - 28 %) v nadchadzajlcich tehotenstvach,
¢o poukazuje na suvisiace patogenetické mechanizmy®.
Ukazalo sa, Ze hoci HELLP syndrom méze mat vplyv aj na
novorodenca, vacsim problémom je skory pérod v dbsled-
ku syndrému, a teda skér nizky gestacny vek dietata ako sa-
motny HELLP syndrém. Dvoj¢atd narodené matkam s HELLP
syndromom mozu vyvolat trombocytopéniu a neurologické
komplikacie. AvSak vacsina novorodencov narodenych ze-
nam s HELLP syndrémom ma normalny dlhodoby vyvoj®.

Patofyzioldgia

Hemolyza

Rapidne znizenie poctu erytrocytov po¢as HELLP syndré-
mu je pravdepodobne dosledkom poskodenia buniek spdso-
beného ukladanim fibrinu, ¢o vedie k fragmentacii Cervenych
krviniek. Toto zistenie je konzistentné s mikroangiopatickou
hemolytickou anémiou, s deformovanymi ¢ervenymi krvin-
kami pozorovanymi v mikroskope spolu so schistocytmi aj
s polychromaziou v periférnej krvi®.
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Siroko pristupné markery hemolyzy mézu byt hladiny lak-
tatdehydrogenazy (LDH) a nekonjungovaného bilirubinu. Na-
vySe pritomnost retikulocytov moze byt vysvetlena ako Usilie
organizmu celit tymto podmienkam a uvolnit nezrelé bunky
ako kompenzacny odraz. Ukazalo sa, Ze citlivejSim a pres-
nejSim ukazovatelom hemolyzy je nezvyCajne nizka hladina
haptoglobinu. Jeho stanovenie je vSak zriedkavo zahrnuté
v rutinnom laboratérnom skriningu pacientov®.

ZvysSenie pecenovych enzymov

Zvysenie peCenovych enzymov moze odrazat hemolyticky
proces aj postihnutie pe¢ene. Hemolyza prispieva v podstate
k zvySenym hladindm laktatdehydrogendzy, zatial ¢o zvySe-
né hladiny aspartataminotransferazy (AST) a alaninamino-
transferazy (ALT) su vacsinou sposobené poskodenim pe-
Cene. Plazmaticka glutation-S-transferaza-a1 (GST-a1) moze
poskytnt citlivejsi indikator pre akutne poskodenie pecene
ako AST a ALT a umoznit skorsie rozpoznanie. AvSéak mera-
nie GST-a1 nie je vS§eobecne pouzivané a zatial sa nenacha-
dza v rutinnom diagnostickom postupe®.

Nizky pocet krvnych dosticiek

Nizky pocet krvnych dosticiek (trombocytopénia) v teho-
tenstve méze byt spdsobeny gestacnou trombocytopéniou
(59 %), imunitnou trombocytopenickou purpurou (11 %), pre-
eklampsiou (10 %) alebo HELLP syndrémom (12 %). Trom-
bocytopénia je pri uvedenych komplikaciach zriedkava ale-
bo Castd, no pri HELLP syndréme uplne beznd. Znizenie
poctu krvnych dosticiek je pri HELLP syndréme sposobe-
né dosledkom ich zvySenej spotreby. DostiCky sa aktivuju
a prilnd k poskodenym vaskularnym endotelidlnym bunkam,
¢o vedie k zvySenému pohybu trombocytov s kratSou zivot-
nostou®.

Liecbha tehotnych zien s HELLP syndromom
Vo vSeobecnosti existuju tri hlavné moznosti na liecbu
zien s HELLP syndrémom. Tie zahrnuju:
1) Okamzity porod, ktory je prvou volbou v 34. tyZdni tehoten-
stva alebo neskor.
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2) Porod do 48 hodin po vyhodnoteni, stabilizacii klinického
stavu matky a lieCbe kortikosteroidmi. PoCas 27 az 34 tyz-
dnov tehotenstva sa tato moznost javi ako najvhodnejsia
vo vacsine pripadov.

3) Predcasna liecba dlhsie ako 48 - 72 hodin u tehotnych
zZien pred 27. tyzdiiom tehotenstva. V tomto pripade sa
tiez pouziva liecba kortikosteroidmi®.

LieCba HELLP syndrému je zaloZend na symptémoch syn-
drému, a teda pacientkam s hypertenziou su podavané lieky
na hypertenziu a pod. Preto je potrebné sledovat cervené kr-
vinky, krvné dosticky a hladiny pe¢enovych enzymov. Av§ak
jedinou spolahlivou lieCbou je pérod. Pacientky s gestacnym
vekom nizsim ako 34 tyzdnov, ktoré su klinicky stabilné, mé-
Zu porod oddialit na 36 az 48 hodin a v tomto Case su im po-
davané kortikosteroidy na maturaciu pltic plodu. Lie¢ba HEL-
LP syndrému s kortikosteroidmi, zamerana na pulmonarnu
maturaciu plodu a obnovenie poctu krvnych dostiCiek matky
je bezn4, ale jeho klinicky vyznam zostava zatial nejasny®.

Zaver

Hoci presna patofyzioldgia HELLP syndromu je stdle ne-
Znama, existuju viaceré tedrie. Je dolezité vediet rozpoznat
faktory, ktoré prispievaju k HELLP syndrému. V€asné rozpo-
znanie a diagnostika su dolezité pre lieCbu matky aj dieta-
ta s cielom znizenia komplikacii, mortality a morbidity. Po-
chopenie vplyvu HELLP syndrému na plod, klinické priznaky,
diagnostické hodnotenie novorodenca aj terapeutické pri-
stupy a moznosti liecby by mohli pomaoct pri nasledne;j sta-
rostlivosti o dieta hned po porode.

Napriek v§etkym neddvnym pokrokom vo svojej véasnej
diagnostike a lie¢be je HELLP syndrom stale zdvaznou kom-
plikaciou tehotenstva ohrozujucou zivot. Kedze jeho pato-
genéza nebola uplne objasnend, HELLP syndrém zostava
komplexnou diagnostickou a terapeutickou vyzvou. Hoci je
nevyhnutné, aby vysokorizikové tehotné Zeny boli dékladne
sledované, aby sa zabranilo rozvoju HELLP syndromu, je vel-
mi dolezité posudit potrebu poradenstva pre pacientky pred
tehotenstvom, najma v pripadoch s pozitivnym vyvojom pree-
klampsie a HELLP syndrému v predchadzajicom tehotenstve.
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ACTN3: ,Rychlostny gén”

Martina Pecimonova
Geneton, s. r. 0., Bratislava

Variant p. R577X v ACTN3 géne je jednym z najStudovanejsich a najreplikovatelnejsich variantov asociovanych
s predispoziciou na Sportovy vykon. Vplyvom vzniku pred¢asného stop koddnu v syntéze a-aktininu-3 kédované-
ho tymto génom dochdadza k tplnej absencii tohto proteinu v kontraktilnom aparate rychlych svalovych vlakien,
¢o vedie k ich premene na pomalé vlakna. Tento posun je sprevadzany zmenami na Strukturalnej, metabolickej,
signaliza€nej rovni a pri spracovani vapnika. Vyskumy zamerané na studium vplyvu deficiencie a-aktininu-3 na
Sportovy vykon u Sportovcov i beznej neatletickej populacie odhalili vyrazne nizsiu frekvenciu XX genotypu u vr-
cholovych Sprintérov a silovych atlétov, €o nasved¢uje tomu, Ze tento genotyp nie je vhodny na rychle a vykonné
svalové kontrakcie, preto dostal ACTN3 gén pomenovanie ,gén pre rychlost”. Tento prehl'adovy ¢lanok prinasa
informacie o a-aktinine-3, mechanizme jeho deficiencie a jej potencialnych vyhodach ¢i nevyhodach pri uréitych
Sportovych znakoch.

Klacové slova: ACTN3, a-aktinin-3, R577X, Sportovy vykon

ACTN3: ‘The gene for speed’

p. R577X variant in ACTN3 gene is one of the most studied and replicated variants associated with the predis-
position for sport performance. Due to the formation of premature stop codon in the synthesis of a-actinin-3 en-
coded by this gene, this protein is completely absent in the contractile apparatus of fast-twitch muscle fibers re-
sulting in their transformation to slow-twitch fibers. This shift is accompanied with the changes in the structure,
metabolism, signaling as well as calcium handling. Research focused on studying the effect of a-actinin-3 de-
ficiency on sport performance in athletes, and non-athletic population revealed a significantly lower frequency
of XX genotype in elite sprinters and power athletes suggesting that this genotype is not suitable for rapid and
powerful muscle contractions. Therefore, the ACTN3 gene got the name ‘gene for speed’. This review provides
information about a-actinin-3, the mechanism of its deficiency and the potential advantages and disadvantages

in certain sport-associated traits.

Keywords: ACTN3, a-actinin-3, R577X, sport performance
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Uvod

Sportovy vykon u &loveka mé scasti genetické pozadie,
pricom genetika vplyva z 30 % az 80 %, ale i environmental-
ne pozadie, ako je vyziva, fyzicka aktivita, rasova prislusnost,
pohlavie a vek. Pocas poslednych desatroci sa vyskum v ob-
lasti Sportu sustredil na objasnenie vplyvu genetickej predis-
pozicie na Sportovy vykon, ¢o viedlo k identifikacii mnozstva
kandidatnych génov asociovanych s rozlicnymi Sportovymi
znakmi. Jednym z najStudovanejsich a najlepsie replikova-
nych variantov asociovanych s vykonom kostrovych svalov je
p. R577X variant v ACTN3 géne kodujucom Strukturalny sva-
lovy protein a-aktinin-3™.

a-aktininova génova rodina

a-aktinin-3 patri medzi a-aktininy, jednu z najkonzervova-
nejsSich génovych rodin s délezitou funkciou v rdmci evolu-
cie, pocas ktorej dochddzalo k formovaniu kontraktilného
systému nevyhnutného na bunkové procesy, ako je cytoki-
néza, pohyblivost buniek a kontrakcia svalstva®. Su to di-
mérne proteiny spdjajuce aktinové bielkoviny kontraktilného
aparatu svalovych vlakien. U cicavcov dochadza k expresii
Styroch typov a-aktininovych izoforiem kédovanych génmi

ACTN1-4 s odlisnymi biochemickymi vlastnostami a rozdiel-
nymi miestami expresie®. U ¢loveka su pritomné tri izofor-
my a-aktininov, z nich dve, a-aktinin-2 a a-aktinin-3 kédova-
né génmi ACTN2 a ACTN3, sa podiel'ajui na stavbe svalového
vlakna®. Nachadzaju sa v Z-linii, kde spéjaju aktinové fila-
menty susediacich sarkomér®.

a-aktininové diméry su usporiadané antiparalelne a pozo-
stavaju z troch domén vykazujucich vysokl konzervovanost
sekvencii: (i) N-terminalnej domény zlozenej z dvoch domén
kalponinovej homoldgie (CH domény, z angl. calponin-homo-
logy), ktora je zodpovedna za viazanie aktinovych vlakien; (ii)
stredovej domény pozostdavajucej zo Styroch opakovani po-
dobnych spektrinu (SLR1-4, z angl. spectrin-like repeats 1-4)
a (iii) C-terminalnej domény podobnej kalmodulinu s dvomi
parmi motivov, tzv. EF-hand (EF1/2 a EF 3/4)©. Vazba aktinu
sa uskutoc¢riuje cez CH1 doménu, pricom samotna CH2 tuto
vlastnost nema. Schopnost viazat aktin sa zvysuje, ak st obe
domény skombinované®. Struktdra a-aktininu a jeho lokali-
z4acia v sarkomére je schematicky zndzornena na obrazku 1.

U ludi sa vyskytujua tri typy vldkien kostrovych svalov:
typ I, lIA a lIB, ktoré sa odliSuju obsahom glykogénu, lipi-
dov, myoglobinu a mitochondrii. Vlakna I. typu sa vyznacuji
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pomalym ¢asom kontrakcie a su rezistentné proti Unave.
Vldkna II. typu maju, naopak, rychly a kratky ¢as kontrakcie
a ich motorické jednotky su v porovnani s pomalymi vlakna-
mi nachylnejsie na tnavu®. Vldkna typu | a lIA su oxidativne
a vyuzivaju ako zdroj energie pyruvat, ktory je oxidovany v mi-
tochondriach, preto maju v porovnani s rychlymi vlidknami
podstatne viac mitochondrii, generuju vSak ovel'a menej sily
na kontrakciu svalu. Rychle glykolytické vlakna typu [IB maju
vysoky podiel glykogénu, ktorého anaerébnou glykolyzou je
produkované ATP sliziace ako zdroj energie ATP na kontrak-
ciu svalu®. Zatial ¢o a-aktinin-2 je exprimovany v srdcovom
svale a kostrovych svalovych vldknach, a-aktinin-3 sa expri-
muje vylu¢ne v rychlych svalovych vldknach (vsetky IIB typy
a priblizne v 50 % typu IIA), ktoré s zodpovedné za genero-
vanie sily pri vysokej rychlosti. Hoci su si tieto izoformy vel-
mi podobné, rozdielny vzor ich expresie naznacuje rozdielne
funkcie vo svalovom vlakne('912_ Prehlad rozdielov medzi
jednotlivymi typmi svalovych vldkien je uvedeny v tabulke 1.

Obrézok 1. Struktdra a lokalizacia a-aktininu v sarkomére. (a)
Domeény antiparalelného diméru a-aktininu: N-termindine CH1
a CH2 domény zodpovedné za viazanie aktinovych vldkien, cen-
tralna Cast pozostavajuca zo Styroch SLR opakovani a C-termi-
nalne EF-hand domény. (b) Usporiadanie a-aktininovych dimérov
Z-linii a ich viazanie aktinu. (c) Schematické zndzornenie lokali-
zdcie Z-linie v ramci sarkoméry svalového vildkna. Prevzaté od
Houweling a kol. (2018).

(b) ——
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Tabulka 1. Rozdiely medzi jednotlivymi typmi svalovych vlakien

Typ svalovych vlakien

a-aktinin-3

a-aktininy sa vd'aka svojej lokalizacii, funkcii a vysokej evo-
lu€nej konzervovanosti stali vhodnymi kandidatmi na identi-
fikaciu kauzativnych mutacii asociovanych s muskularnymi
dystrofiami u ludi. V roku 1996 North a Beggs uviedli, ze de-
ficiencia a-aktininu-3 je asociovana s kongenitalnou musku-
larnou dystrofiou a Ze tato deficiencia by mohla byt marke-
rom tohto ochorenia v podskupine pacientov(?. Neskor sa
vSak ukdazalo, ze ide bud o sekundarny jav, alebo nezavis-
ly fenomén, ktory nema s tymto ochorenim absolitne ziad-
nu suvislost. Tato deficiencia bola tiez najdena u pacientov
s rozlicnymi typmi muskularnej dystrofie, bola vSak vyluc¢ena
vazbovou analyzou, pripadne bola detegovana aj u pacien-
tov, u ktorych uz bola kauzativna mutdcia identifikovana®?.

Mutdcie v a-aktinine-3 ako jedinom z rodiny ludskych
a-aktininov nie su asociované so ziadnou patolégiou, a to
pravdepodobne z dévodu kompenzacie jeho deficiencie
a-aktininom-2. Bola v fiom identifikovana jedind mutéacia
NM_001104.3(ACTN3):c.1729C>T:p. Arg577Ter (p. R577X).
Ide o jednonukleotidovd zamenu cytozinu za tymin, ktora
sposobuje vznik pred¢asného stop kodoénu, ¢o v kone¢nom
désledku vedie k Uplnej absencii a-aktininu-34. Tato zame-
na nevedie k patologickému fenotypu, ¢o naznacuje aj frek-
vencia vyskytu minoritnej alely X, pricom sa predpoklada, ze
nositefom XX genotypu je priblizne 1,5 miliardy ludi. XX ge-
notyp sa najCastejSie vyskytuje v azijskej a kaukazskej po-
pulécii, kde su jeho frekvencie 25 % a 18 %, v etidpskej kon-
trolnej neatletickej populdcii je to 12 %, v afroamerickej 4 %,
jamaijskej 2 % a v kenskej iba 1 %159, V nigérijskej populacii
sa XX genotyp nevyskytoval ani v testovanej neatletickej sku-
pine, ani u vrcholovych Sportovcov(9. Frekvencie genotypov
p.R577X su graficky zndzornené na obrazku 2.

Zvysena frekvencia X alely v niektorych populaciach na-
znacuje pozitivnu selekciu tejto alely ako vysledok adaptacie
na nizsiu teplotu okolia s obmedzenym zdrojom potravy(?,
kedZe najCastejSie sa tento genotyp vyskytuje v severskych
oblastiach s nizsimi priemernymi rocnymi teplotami a znize-
nou diverzitou druhov(™®. Zaroven je to jeden z mala loss-of-
function variantov, ktoré sa v populdcii udrzali pomocou po-
zitivnej selekcie vplyvom migracnej expanzie modernych ludi
z Afriky do severnejsich ¢asti pred 40 000 az 60 000 rokmi(?).

Zmeny v a-aktinin-3 deficientnych svaloch

MacArthur a kol. (2008) vyuzili na §tidium mechanizmu
deficiencie a-aktininu-3 Actn3 KO mysaci model, ktorého fe-
notyp rekapituluje fenotyp navrhnuty asociaénymi stddiami
u l'udi, pricom potvrdili dovtedy publikované efekty ako zni-
zenu silu v kostrovych svaloch, zvySeny vytrvalostny vykon
a rychlejSie zotavenie z Unavy navodenej kontrakciami sva-
lov pri Sportovom vykone v porovnani s divym typom mysi.

lIA typ IIB typ

Expresia a-aktininu a-aktinin-2 a-aktinin-2, asi v 50 % vlakien i a-aktinin-3 a-aktinin-3

Miera unavitelnosti rezistentné proti Unave rezistentné proti Unave ndchylné na Unavu

Metabolizmus oxidativny oxidativny glykolyticky

Obsah mitochondrii vysoky vysoky nizky

Obsah glykogénu nizky nizky vysoky
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Obrazok 2. Grafické znazornenie frekvencii jednotlivych genotypov variantu p. R577X v ACTN3 géne v testovanych populdcidch. Geno-
typové frekvencie boli prevzaté od Yang a kol. (2007) a Scott a kol. (2010).

|| RR genotyp
RX genotyp
[l xx genotyp

Kedze a-aktininy vSeobecne interaguji s mnozstvom cy-
toskeletdlnych, sarkomérnych, signalnych a metabolickych
proteinov, v désledku absencie a-aktininu-3 dochadza k ne-
vyhnutnym zmendm vo funkcii svalov na viacerych Grov-
niach, a to na Strukturdlnej, metabolickej, signalizacnej urov-
ni, a tieZ pri spracovavani vapnika(?,

U Actn3 KO mysi bola absentujuca expresia a-aktininu-3
kompenzovana zvysenou tvorbou a-aktininu-2, pri¢om rych-
le svalové vldkna boli transformované na pomalé, pri ktorych
prevazujicim fenotypom bola redukcia svalovej hmoty v prie-
rezovej oblasti, zmenené kontraktilné vlastnosti svalu a zme-
na metabolizmu z anaerébneho glykolytického na aerébny
oxidativny, vplyvom ¢oho dochddza k zvysenému uskladno-
vaniu glykogénu a zvySenej aktivite oxidativnych mitochon-
dridlnych enzymov. Predpokladd sa, ze prave vdaka tymto
zmenam, postihujicim velkost svalu a jeho metabolizmus,
ked dochdadza k posunu k ,energeticky vyhodnejsej“ forme,
dochdadza k zvysenému vytrvalostnému vykonu a efektivnej-
Sej regeneracii svalov(,

Absenciou a-aktininu-3 dochadza k zruseniu jeho interak-
cie s mnozstvom proteinov Z-linie ako myotilin, titin, nebulin,
dystrofin a B-integrin, vplyvom ¢oho nastdva zmena kontrak-
tilnych vlastnosti Actn3 KO svalu. Proteiny ZASP, myotilin,
desmin a y-filamin s nadregulované a v pripade myotilinu
a desminu méze dochédzat k ich agregécii, pricom obe tie-
to zmeny naznacuju aktivnu remodelaciu tychto deficient-
nych svalov a tieZ zvy$enid nachylnost na pogkodenie. Ne-
vyhnutny je v§ak d'alSi vyskum zamerany na stanovenie ulohy
a-aktininu-3 pri oprave a remodelacii svalstva.

Rychle glykolytické svalové vlakna vyuzivaju ATP gene-
rované Stiepenim glykogénu, kde glukéza je konvertovana
na laktat pomocou enzymu laktatdehydrogenaza (LDH) ako

zdroj energie na rapidne a energetické svalové kontrakcie.
Vplyvom absencie a-aktininu-3 dochadza k zmene na poma-
|é svalové vlakna, ktoré ako zdroj energie vyuZzivaju oxiddciu
pyruvatu z glukoézy cez cyklus kyseliny citrénovej, mitochon-
dridlny elektrén-transportny retazec a oxidaciu mastnych ky-
selin. U Actn3 KO mysi dochadza k zvySenej regulacii mi-
tochondridlnych drah, redukcii LDH a akumuldcii glykogénu,
¢o je klucovou vlastnostou a-aktinin-3 deficientnych svalo-
vych vlakien u mysi aj l'udit7.19,

Mysi deficientné na kalsarcin-2 vykazovali podobny feno-
typ ako Actn3 KO mysi. a-aktinin-2, ktory je v dosledku absen-
cie a-aktininu-3 upregulovany, sa viaze na kalsarcin-2, pricom
tento jav bol potvrdeny aj u ludi. Kalsarcin-2 je exprimovany
v rychlych svalovych vlaknach, kde je jeho Ulohou inhibicia
kalcineurinu, ¢o je serin-treonin-fosfataza dependentnd od
kalcia/kalmodulinu, ktord sprostredkovava transkripciu po-
malych oxidativnych svalovych vldkien. Deficiencia kalsarci-
nu-2 rusi tuto inhibiciu a umoznuje spustenie transkripcie, ¢o
vedie k fenotypu charakterizovaného zvysenou vytrvalostnou
kapacitou a posunom k pomal$iemu metabolizmu®®,

Zmeny v spracovani vapnika ako nastroj pozitivnej
selekcie

Vo svaloch prebieha spracovanie vépnika v sarkoplazma-
tickom retikule (SR). V porovnani s divym typom mysi u Actn3
KO mysi bolo detegované troj- az Stvorndsobne zvySené
uvolfiovanie vapnika a jeho spatné vychytavanie v SR, pri-
¢om tieto vldkna boli rezistentnejsie na Unavu pre pomalsiu
mieru poklesu uvolfiovania vapnika po opakovanej stimuldcii
svalov. U Actn3 KO mysi bola zvysSena expresia SR Ca?* ATP-
4zy 1 (SERCAT1) a SR Ca? pufrujlcich proteinov kalsekvestrin
a sarkolumenin. Vplyvom nadexpresie SERCA1 kanalov
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dochadza k nadmernému Uniku vapnika zo SR, ktorého cast
je ndsledne vyuzitd v mitochondriach, kde zvysuje aktivi-
tu mitochondridlnych enzymov. Tie mézu byt tiez stimulo-
vané kalcineurinom, ktory bol uvolneny z inhibicie kalsarci-
nom-2 vplyvom nadregulacie a-aktininu-2. ZvySena aktivita
mitochondridlnych enzymov vedie k produkcii ATP, Co zvySu-
jerezistenciu svalov proti Unave. Nadmerny tnik vapnika tiez
vyzaduje jeho zvysené pumpovanie SERCA1 kanalmi spét do
SR, pricom na tomto transporte sa v limene SR podielaju aj
kalsekvestrin a sarkolumenin. Toto spatné vychytdvanie sp6-
sobuje zvySenu hydrolyzu ATP, ktoré je vyzadované SERCAT
na jeho fungovanie, pricom dochddza ku generovaniu meta-
bolického tepla vo svale. Head a kol. (2015) navrhli, Ze tento
posun od glykolytického metabolizmu k vykonnejSej aerdéb-
nej drahe generujlcej teplo ako vedlajsi produkt je moznym
vysvetlenim pozitivnej selekcie XX genotypu v populacii. Po-
¢as migracie modernych ludi do chladnejsich eurazijskych
klimatickych podmienok sa dokazali a-aktinin-3 deficient-
ni jedinci lepsie aklimatizovat, ¢o im poskytovalo vyhodu na
prezitie v chladnom prostredi®".

ACTN3 a Sport

Mnozstvo vyskumov bolo zameranych na stadium vplyvu
deficiencie a-aktininu-3 na Sportovy vykon Sportovcov i bez-
nej neatletickej populacie. V porovnani s beznou populaciou
bol XX genotyp vyrazne podreprezentovany u vrcholovych
Sprintérov a silovych atlétov. Ziaden olympijsky vitaz v silovej
ani Sprintérskej discipline neniesol XX genotyp, ¢o nasved-
Covalo tomu, Ze tento genotyp nebol vhodny pre rychle a vy-
konné svalové kontrakcie, ¢o bolo replikované vo viacerych
studidch a metaanalyzach zahfiajucich elitnych Sportov-
cov?23), 7 tohto dévodu bol ACTN3 gén pomenovany ,rych-
lostny gén”“. Nizka frekvencia tohto genotypu u Sprintérov ko-
reluje so zisteniami MacArthura a kol. (2008), ktori $tidiom
na mySacom modeli zistili, ze Actn3 KO svaly vykazuju dih-
Si, polovi¢ny Cas relaxacie nez svaly exprimujuce a-aktinin-3,
Co by pre aktivity ako Sprint, ktoré vyzaduju rychle repetitivne
kontrakcie, bolo obmedzujice™. Naopak, u elitnych vytrva-
lostnych atlétov boli zistené vyssie frekvencie vyskytu geno-
typu XX, signifikantnost tejto asocidcie v§ak nebola potvrde-
na. Niektoré vyskumy uvadzaju, ze zvySena frekvencia tohto
genotypu u vytrvalostnych atlétov nebola zistena alebo bo-
la jeho frekvencia dokonca podreprezentovana v porovnani
s kontrolnou netrénovanou populaciou®?4,

VysSia predispozicia jedincov s genotypom RR na poda-
nie efektivnejSieho vykonu v rychlostnych a silovych Sporto-
vych disciplinach méze byt tieZ spojena s lepSou odpovedou
na silovy tréning. Uloha a-aktininu-3 pri generovani vysoko-
intenzivnej svalovej kontrakcie bola potvrdend aj v populacii
nesportovcoy, ked netrénovani jedinci nesuci RR genotyp vy-
vinuli vy$siu silu nez ti s XX genotypom(®324,

Vplyv deficiencie a-aktininu-3 bol tiez skimany v suvislos-
ti s poskodenim svalov, ktoré bolo navodené cvicenim, kedy
dochadza k mechanickému poskodeniu svalovych vldkien
a nasledne k zapalovej reakcii. Vysledky vyskumov vsak bo-
li inkonzistentné. Niektoré studie zistili u jedincov s XX geno-
typom vyssSie koncentracie zapalovych markerov v krvi, ¢o by
naznacovalo protektivnu dlohu a-aktininu-3. Iné vyskumy ne-
nasli Ziadnu spojitost medzi X alelou a poskodenim svalov po-
Cas cvicenia®. Podla recentnejsich studii pritomnost a-aktini-
nu-3 moZze poskytovat strukturalnu vyhodu v kostrovom svale
spolu s inymi dedi¢nymi faktormi, ktorych interakciou docha-
dza k redukcii poskodenia svalovych vlakien pri tréningu@329,

Predpoklada sa, ze okrem poskodenia svalov pri cviCeni
mébze mat genotyp ACTN3 vplyv aj na zranenia svalov, liga-
mentov a kibov, ktoré mézu nastat vplyvom dysfunkcie ka-
pacity svalu drzat kib po&as cvi¢enia, pripadne pre obme-
dzeny rozsah pohybu kibu vplyvom flexibility svalov @324,
Vzhladom na nejednoznacné vysledky studii vplyv deficien-
cie a-aktininu-3 na uvedené znaky musi byt este objasneny.
Okrem rychlych svalovych vlakien je a-aktinin-3 tiez exprimo-
vany v osteoblastoch. Jedinci nesuci XX genotyp mali redu-
kovanu kostnt mineralnu hustotu®, ¢o naznacuje, Ze tento
genotyp by mohol byt asociovany s nachylnostou na zrane-
nia kosti poCas tréningu, doteraz vSak ziadna spojitost ne-
bola dokazana.

Limitacie, pre ktoré su vysledky Studii nejednoznacné,
spocivaju najma vo velkosti testovanej skupiny, ked je pocet
testovanych subjektov v skupine prili$ nizky, v zahrnuti oboch
pohlavi v ramci jednej testovanej skupiny, a taktiez v rozdie-
loch medzi kohortami, ked' su testovani netrénovani jedin-
ci i profesionalni Sportovci z réznych disciplin. Vo vSeobec-
nosti vSak vysledky naznacuju, Ze jedinci nesuci genotyp XX
sU nachylnejsi na poskodenie svalov pocCas excentrickych ty-
pov cvikov a vytrvalostnych cviCeni, pri ktorych sa pouzivaju
zavazia. Maju tiez vyssiu pravdepodobnost zranenia, nizsie
hladiny minerdlnej hustoty kosti a nizSie hodnoty sily svalov
(prehlad rozdielov je uvedeny v tabulke 2). U mysi bol ge-
notyp XX asociovany s vy§Sou vykonnostnou kapacitou, ¢o
vsak u ludi potvrdené nebolo@324),

Zaver

Z doposial publikovanych stidii ACTN3 génu je zjavné,
Ze tento polymorfizmus moze ovplyviiovat mnozstvo inych
znakov nez iba predispoziciu na silové alebo vytrvalostné
Sportové aktivity, a to zotavenie po cviCeni, riziko poranenia
svalov, ligamentov, kibov a kosti a tieZ adaptaciu na tréning
aregeneraciu po Sportovom vykone, ¢o naznacuje, ze ACTN3
je viac ako len ,rychlostny gén”. Informdcia o svojej genetic-
kej predispozicii umoziuje Sportovcovi personalizovat tré-
ningovy plan, jeho intenzitu a zameranie, a teda i maximali-
zovat jeho vykon.

Tabulka 2. Porovnanie sportovych znakov asociovanych s tplnou expresiou (RR genotyp) alebo absenciou (XX genotyp) a-aktininu-3

R577X genotyp RR genotyp XX genotyp

Predispozicia na Sportové aktivity

silové a rychlostné Sporty

vytrvalostné Sporty

Sila svalov

vySSia redukovana

Uloha pri poskodeni svalov, ligamentov, kibov a kosti

potencidlne protektivna tloha pred zraneniami

potencialna nachylnost na zranenia
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Matus Rebro, Marian Tarnik, Eva Miklovicova, Jan Murgas
Institute of Robotics and Cybernetics

Faculty of Electrical Engineering and Information Technology
Slovak University of Technology in Bratislava, Slovak Republic

Cybernetic modeling and simulation find more and more use in non-technical areas like medicine. The aim of
this paper is to summarize and present some of the applications of cybernetics for diabetes. One of the applica-
tions comes from control systems theory in the form of algorithm for automated insulin administration for type
1 diabetes patients while mathematical models of insulin-glucose system can be used for verification of this al-
gorithm via simulations. Another use of the mathematical modeling can be found in prediction of glycemia evo-
lution on the basis of data from continous glucose monitoring for both type 1 and type 2 patients.

Keywords: diabetes mellitus, glycemia, dynamical model, simulation, prediction

Diabetes z pohladu kybernetiky

Kybernetické modely a ich simulacia nachadzaju ¢oraz vacsie uplatnenie v netechnickych oblastiach ako medi-
cina. Cielom tohto ¢lanku je zhrnutie a prezentacia niektorych aplikacii kybernetiky pre diabetes. Jedna z apli-
kdcii pochadza z teérie riadenia vo forme algoritmu pre automatické davkovanie inzulinu pre pacientov s diabe-
tom prvého typu, zatial ¢o matematické modely inzulinovo-glukézového systému mozu byt pouzité na verifikaciu
takéhoto algoritmu pomocou simul4cii. Dalsie uplatnenie matematického modelovania mozno néjst pri predik-
cii priebehu glykémie na zaklade dat z kontinualneho merania glukézy pre diabetikov prvého aj druhého typu.

Klucové slova: diabetes mellitus, glykémia, dynamicky model, simulacia, predikcia
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Introduction

Diabetes mellitus can be described as a group of metabol-
ic diseases, which if unchecked can cause chronic hypergly-
cemia. Two most common types of this disease are type 1 di-
abetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).
The first one is caused by absolute insulin deficiency and
thus the patients are dependent on external insulin adminis-
tration and regular checks of blood glucose concentration.
The second one is caused by relative insulin deficiency and/
or insulin resistance, whereas in this case, therapy consists
of lifestyle changes and in late stages oral antidiabetics and
insulin therapy.

In both T1DM and T2DM, the dynamics of glucose and in-
sulin concentrations is modeled. In case of T1DM such mod-
els can be used together with continuous glucose monitoring
(CGM) device and insulin pump to predict the future glyce-
mia and/or to design control algorithm for insulin adminis-
tration. Connection of glycemia measurement system (CGM)
and insulin pump with control algorithm (which can be im-
plemented in the insulin pump device itself) creates closed
loop control system where controlled output is the glycemia
and system input is the insulin administration, see Figure 1.
Carbohydrate intake can be viewed as a disturbance which
is measurable (it can be estimated how much carbohydrates
is in the meal) and thus can serve as an additional input to
the control algorithm which can further improve glycemia
regulation. Connection of the CGM device with insulin pump
and control algorithm is often called artificial pancreas® be-
cause of the its goal to mimic the pancreas in healthy man.

Figure 1. Automated insulin administration scheme

Carbohydrate intake
(disturbance)

Meal
announcement

Controller

bolus+basal ¥

/
T _ TIDM person .

Insulin pump (Hovorka model) CGM
glycemia

Generally, the control algorithm is designed via simpler line-
ar models, which can only approximate behavior of insulin-
glucose system for only small deviations from basal (steady)
state. These models, although not so accurate in predic-
tion, can be directly used in wide range of control design ap-
proaches. More complex, physiological models are used for
evaluation and verification of these algorithms via simula-
tions.

Adaptive control in T1IDM

Insulin-glucose system in T1DM subject can be viewed
in control systems theory as dynamical system with one
output (glycemia) and one input (insulin administration).

1/2019
ewslab

47




Prehladové prace

Figure 2. Simulation of adaptive control of glycemia in T1DM subject

Glycemia

20 1

10

G [mmol /L)

time [days]

Carbohydrates

50 4

04

0.0 0.5 1.0

T
1.5 2.0

time [days]

Basal (full line) and bolus (stem) insulin

Basal [[a]ll

e
Pe

Bolus [U]

T
0.0 0.5 1.0 1.5 2.0

[
an

3.0 3.5 1.0

time [days]

The carbohydrate intake from food can be then viewed as
disturbance input. The goal of the control system design is
to keep the glycemia in some healthy range. This glycemia
range is often chosen to be around 4-10 mmol/L or in other
words, between hypoglycemia and hyperglycemia with more
emphasis on avoiding the hypoglycemic state.

Since it is reasonable to assume that the insulin-glucose
system can vary from person to person and also change its
behavior over time, the adaptive control is considered as
a control algorithm for glycemia®@. In control systems theory
this means that we assume that the parameters of model of
the controlled system are unknown and are prone to change.

The control design can be divided into two steps®®. The
first step is to design the control in the absence of distur-
bances. This means we design the algorithm to keep glyce-
mia in basal state or in its close proximity via continuous
basal insulin administration. The second step is to design
the algorithm for bolus insulin administration, which should
compensate the postprandial glycemia rise. This algorithm
also uses the information about carbohydrate intake from
patient to calculate the bolus dosage and can adapt over
time even when the carbohydrate amounts are not exactly
known.

For performance assessment the simulations of nonlinear
dynamical model such as for example Hovorka model® can
be used. Results of such simulation can be seen in Figure 2
(note the obvious increase in bolus dosage as a result of ad-
aptation process). Parameters of this model are identified on
CGM data of T1DM subjects. This way we have glycemia re-
sponse simulator for one specific subject. We can artificial-
ly create simulators of more subjects by altering the model
parameters via small random changes and thus creating so
called virtual subjects®. Control algorithm can be then fur-
ther tested for its robustness via simulations of multiple vir-
tual subjects. These results can be further evaluated by the
means of control variability grid analysis®.

Short-term glycemia prediction

Another use of simpler models of insulin-glucose dynam-
ics can be found in short-term glycemia prediction on the
basis of CGM data. Motivation behind the glycemia predic-
tion is to set up algorithm for early hypoglycemic or hyper-
glycemic event warning for T1DM patient and also possibly
for T2DM patient®. If we want to use simple linear models
for prediction of glycemia, we have to take into consideration
some unmodeled dynamics either of exogenous (physical
activity) or endogenous (effects of other hormones) nature.
Since we would possibly find many different sets of mod-
el parameters for different patients, which could also vary
in time, it would be also good to incorporate some adapta-
tion mechanism into prediction algorithm. Stochastic linear
models such as ARX (Autoregressive with exogenous inputs)
and ARMAX (Autoregressive moving average with exoge-
nous inputs) together with recursive least squares algorithm
are able to predict glycemia with prediction horizon of up to
1 hour. Prediction accuracy and performance metric is more
detailly described in®. Prediction algorithm uses present and
past measured glycemia data and data about carbohydrate
intake and insulin administration and is able to learn or adapt
model parameters in approximately 1 day (see Figure 3).

Conclusion

Cybernetic dynamical models can be used in diabetes
modeling for simulation, prediction and control design. Sim-
ple linear models, although not that accurate, can be used to
design control algorithms for artificial pancreas while more
complex models are used to verify the functionality of these
algorithms via simulation experiments. Using the continuous
glucose measurements and self-monitoring data can be al-
so used together with simple linear stochastic models for ac-
curate short-term glycemia prediction with online parameter
identification algorithm, which can adapt the model parame-
ters for specific patient.
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Figure 3. 1-hour glycemia prediction for T1DM using ARMAX model with online para-

meter identification and CGM data
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nepretrzite 24 hodin denne a rozpozna aj tie najmensie zmeny, ktoré by mohli

l[udskému oku uniknat. Spolahlivy vysledok vySetrenia tak prechadza dvojitou
kontrolou - automatického mikroskopu aj lekara cytologa.




Kazuistiky

Vyvoj komplexnych chromozémovych prestavieb u pacienta s ALL

Gabriela Vesela, Andrea Blahova, Alexandra Oravcova, Kristina Lengyelova, Alena Zakovicova,
Kristina Jurikova, Lenka Cicmanova-Palcova, Lucia Zidekova, Lubica Majerova, Renata Lukackova

Lekarska genetika, Medirex, a. s., Bratislava

V prispevku opisujeme zaujimavy pripad 63-ro¢ného pacienta s diagnézou akudtna lymfoblastova leukémia. Cy-
togenetickymi metédami sme vySetrovali karyotyp a identifikovali sme variantnd formu t(9;22) s chromozé-
mom 2. Po 6 mesiacoch sme zaznamenali navyse dic(7;9). Pacientovi sme detegovali karyotyp 45, XY, dic(7;9)
(p11;p11), der(9)t(9;22)(q34;q11)ins(9;2)(q34;p15p23), ktory je spojeny so zlou prognézou. Napriek tomuto fak-
tu je nas pacient po liecbe v remisii.

Kldcové slova: akitna lymfocytova leukémia, cytogenetika, FISH, BCR-ABL, dicentricky chromozém

Development of complex chromosome rearrangements in a patient with ALL

In the report, we describe an interesting case of 63-year old man with diagnosis of acute lymphoblastic leukae-
mia. We examined karyotype with cytogenetic methods and identified variant of 1(9;22) with the chromosome
2. After 6 months, furthermore, we noticed dic(7;9). We determine the karyotype of the patient 45, XY, dic(7,9)
(p11;p11), der(9)t(9;22)(q34;q11)ins(9;2)(q34;p15p23), which is linked with poor prognosis. Despite this fact, our

patient is in remission after the treatment.

Keywords: acute lymphocytic leukaemia, cytogenetics, FISH, BCR-ABL, dicentric chromosome
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Uvod

Akutna lymfoblastova leukémia (ALL) je ochorenie, kto-
ré vznika malignou transformaciou kmenovej hematopoetic-
kej bunky lymfoidnej linie a nasledne dochadza ku klonalnej
proliferacii lymfoidnych prekurzorov so zastavenim diferen-
cidcie na roznych stuprioch diferenciacie lymfoidnych blas-
tov. Incidencia ochorenia ma dva vrcholy, prvy je vo veku 4
az 5 rokov s incidenciou 5,3 na 100 000 obyvatelov a druhy
vrchol sa nachadza okolo 50. roku zivota s incidenciou 2,3
na 100 000 obyvatelov za rok®.

Klasifikacia WHO deli ALL na B- a T-ALL podla zasiahnutej
bunkovej linie. Liniu B-ALL d'alej rozdeluje na zaklade gene-
tickych zmien ako nespecifikovanu alebo s rekurentnymi ge-
netickymi abnormalitami (1(9;22)(q34.1;q11.2), t(v;11923.3),
1(12;21)(p13.2;922.1), hyperdiploidia, hypodiploidia, t(5;14)
(931.1;932.3), 1(1;19)(q23;p13.3)®.

Stanovenie chromozémovych aberdcii ma pri leukémii
velky vyznam pre prognézu a podanie spravnej lieCby. Typic-
ké chromozomové aberacie sa liSia v zavislosti od veku pa-
cienta a tiez bunkovej linie. ALL je najcastejSia malignita det-
skych pacientov a vyskytuju sa pri nej typické aberacie ako
1(12;21), t(1;19) a hyperploidia, ktoré st u dospelych s tou-
to diagndézou pozorované len zriedka®. Naopak, u dospelych
ALL predstavuje len 20 % vsetkych leukémii®.

Okolo 70 % dospelych s ALL ma leukemické bunky s chro-
mozomovymi abnormalitami. NajcastejSiu aberaciu predsta-
vuje t(9;22). Pri 1(9;22) dochadza k zlomom a vymene cas-
ti dlhych ramien 9. a 22. chromozdému, ¢im vznika fuzny gén
BCR-ABL. Fuzny protein produkovany z tohto génu je aktiv-
ny onkoprotein s tyrozinkinazovou aktivitou, ktory dava leu-
kemickym bunkam proliferaénd vyhodu. Podl'a konkrétneho
miesta zlomu a procesovania mRNA méze vznikat hybridny
protein BCR-ABL s velkostou 210 kDa (p210), 190 kDa (p190)
a 230kDa (p230). Pacienti s B-ALL maju pritomny p190 (skor

u deti) alebo p210 (Castejsie u dospelych). Klinické znaky
u pacientov s B-ALL p190 a p210 boli velmi podobné, mierne
horsi klinicky vysledok bol pozorovany u pacientov s p210®.

Translokacia t(9;22) existuje v dvoch formach - v jedno-
duchej a variantnej. V jednoduchej sa na nej zi¢astiuju len
dva chromozémy 9 a 22, a variantna zahffia okrem spomina-
nych chromozémov aj dalsi. Tyrozinkinazové inhibitory ako
lieciva vhodné pri klasickej t(9;22) su Gcinné aj pre variant-
né formy®®,

Pri akutnych leukémidch je ¢asto zaznamenana nadex-
presia génu WT1. Gén WT17 sa nachadza na kratkom rame-
ne 11. chromozdmu v oblasti 11p13. Ako transkripény fak-
tor ma dolezitu ulohu pri kontrole proliferacie, diferenciacie
a pri apoptdze. Stupen jeho expresie je obzvlast vyznamny
pri hematopoéze, ked' je gén exprimovany v nezrelych bun-
kach, a aZ po jeho poklese moze déjst k maturacii krvnych
elementov®'9, Samotny gén WT1 predstavuje nespecificky
marker, kedze sa nespdja len s jednym typom leukémie, av-
Sak slizi ako terapeuticky ciel a znak na monitorovanie mi-
nimalnej rezidualnej choroby®.

Prognéza ALL sa odvija od viacerych faktorov a zhorsu-
je sa s opakovanymi atakmi leukémie na jedinca. Sancu na
kompletnu remisiu znizuje vek pacienta, znizena tolerancia
lieCby a vy$si pocet leukocytov.

Kazuistika

Muza vo veku 63 rokov v pociatku anamnézy v dosledku
epidermoidného karcindmu pravej podnebnej mandle sledo-
val jeho spadovy onkoldg. Pacient podstupil chemoterapiu
a radioterapiu, ¢o pravdepodobne nasledne vyvolalo myelo-
proliferativnu neoplaziu (MPN) s nepritomnym filadelfskym
chromozémom (Ph). Od roku 2009 je vedeny v hematologic-
kej ambulancii s diagnézou esencidlna trombocytémia. V ro-
ku 2014 mu bola diagnostikovana sekundarna myelofibréza.
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0 3 roky, v roku 2017, bol u pacienta zaznamenany prechod
do B-bunkovej ALL. Na zaklade pritomnosti 21 % patologic-
kej populacie B-lymfoblastov a na zdklade imunofenotypu
(pritomné znaky CD10, CD19, TdT a nepritomny CD117) bola
u pacienta potvrdena B-ALL.

Vzorky kostnej drene (KD) a periférnej krvi (PK) sme v na-
som laboratériu prvykrat vysetrili v oktobri 2017. Na zakla-
de genetickej analyzy boli zaznamenané patologické néle-
Zy spojené s nepriaznivou prognézou. Leukémia u pacienta
progredovala, na ¢o bola podana silnd lieCba, ktora viedla
k hemotoxickému Soku a bol zaznamenany zhorseny hema-
tokryt. Na obrazku 1 je zndzorneny vyvoj lieCby u pacienta.
Prognéza je momentalne priazniva, pretoze pacient sa na-
chadza v stave remisie bez blastov.

Metédy

Cytogenetickd analyza bola uskuto¢nend na vzorkach
kostnej drene, spracovanych podla Standardnych cytogene-
tickych postupov po 24-hodinovej kultivacii. Preparaty boli
farbené Wrightovym roztokom. Ndasledne bolo hodnotenych
20 metafaz vo svetelnom mikroskope, ak to kvalita vzorky
umoznila, a karyotyp bol zapisany podla International system
for human cytogenetic nomenclature (ISCN)(?.

Fluorescencna in situ hybridizacia (FISH) sa uskutoc¢nila
na vzorkach KD alebo PK spracovanych podla standardnych

Obrazok 1. Vyvoj lieCby u nasho pacienta s B-ALL
Lie€ba pacienta s B-ALL

] !

| | |

H.lpt:'q\rhﬂ ITE 11 t.‘:[ﬂ."l'ﬂ.l.gn.; ITE rI.G:ln. Tasigna

E00mg / denne 150mg / denne

ITE 1. gen, Imatinib

Stabilizovanie
krvnéhao obratu

Tabulka 1. Prehlad sond pouzZitych na FISH analyzu

postupov. Na detekciu aberacii na chromozémoch 2, 7, 9
a 22 boli pouzité Specifické lokusové sondy a celochromozé-
mové sondy (WCPs). Prehl'ad sond je opisany v tabulke 1. Vo
fluorescen¢nom mikroskope bolo hodnotenych 200 jadier.

Molekulovd analyza bola uskuto¢nend pomocou meté-
dy RT-PCR. Na detekciu génov WT17 a BCR-ABL bol pouzity
kitQiagen (Dynex).

Vysledky

Vzorka pacienta bola vySetrovana v nasom laboratériu do-
posial Styrikrat. Prvé vySetrenie KD a PK sa uskutocnilo v ok-
t6bri roku 2017 po prechode do ALL. Prehlad vySetreni a ich
vysledkov sa nachadza v tabulke 2.

Cytogenetické a FISH vySetrenie

Cytogenetickou analyzou sme pri prvom vySetreni od-
halili variantni formu translokacie t(9;22) chromozému,
ked okrem chromozémov 9, 22 je do translokdacie zahrnu-
ty aj treti — chromozdém 2. Doslo k inzercii Casti kratkych ra-
mien chromozému 2 do chromozému 9 v oblasti 9q34. Sta-
novili sme karyotyp 46, XY, der(9)t(9;22)(q34;q11)ins(9;2)
(934;p15p23) (obrazok 2).

Chromozémové aberacie pozorované na karyotype
(obrazok 2) sme potvrdili FISH metddou. V 97 % jadier bola
pritomna BCR-ABL fuzia (obrazok 3). Pomocou celochromo-
zémovych sond WCP 2 a WCP 9 sme odhalili inzerciu krat-
kych ramien chromozému 2 do dlhych ramien chromozému
9 (obrazok 4).

Pri kontrolnom vySetreni po 6 mesiacoch sa napriek liecbe
v patologickom klone okrem predchadzajucich zmien objavi-
la aj sekundarna aberacia v podobe dic(7;9). Pacient nemal
ani jeden zdravy 9. chromozém. Karyotyp pacienta (obra-
zok 5) sme urcili ako 45, XY, dic(7;9)(p11;p11), der(9)t(9;22)
(934;911)ins(9;2)(q34;p15p23).

e | Nazov. | Vyrobca | Farebné spektrum

XL BCR/ABL::upsliuosnTlg?:tfleocatlon/DuaI MetaSystems | ABL spectrum orange, BCR spectrum green BCR-ABL
lokusovo-$pecifické Translocation/Dual ZytoLight® Zytovision CDKN2A/CDKN2B spectrum green, D9Z1 p16/c9
sondy SPEC CDKN2A/CEN 9 Dual Color Probe spectrum orange

XL 7922/7q36 Deletion Probe MetaSystems D7Z1035:13;2u7n(']13a6q(téaz,|_|7§)282r§z(l:\{(ILZrE)gs;ggﬁtrum ¢7/7q922/7q36
; 3 XCP 2 Green MetaSystems spectrum green WCP2
gﬁ:f;;zsvnégzs(;move XCP 7 Orange MetaSystems spectrum orange WCP7
XCP 9 Green, XCP 9 Orange MetaSystems spectrum orange, spectrum green WCP9

Tabulka 2. Vysledky genetickej analyzy

m Cytogeneticka analyza FISH analyza Molekulova analyza

46,XY,der(9)t(9;22)(q34;q11)ins(9;2) g . . £ 110-99-9)- Q79 . - -
10/2017 (q34;p15p23)[14]/46,XY[6] BCR-ABL pozit. variantna t(9;22;2): 97% BCR-ABL p210 NCN=1.366, WT17 NCN=0.057
‘(T . . BCR-ABL pozit. variantna t(9;22;2): 97%
45,XY,dic(7;9)(p11;p11), der(9)t(9;22) P 3
4/2018 . - . ! delécia 9p16: 60% BCR-ABL p210 NCN=3.380, WT7 NCN = 0.09
(934;911)ins(9;2)(q34;p15p23)[15]/46,XY[5] ¢7/7922/7436 negat.
BCR-ABL pozit. v dvoch klonoch
. 1. jednoducha translokacia t(9;22): 12%, . _ _
6/2018 Periférna krv 7. variantna translokdcia t(9;22;7): 8% BCR-ABL p210 NCN=0.319, WTT NCN=0.0024
9p16/c9 negat.
8/2018 NeUlspesna kultivacia BCR-ABL negativne BCR-ABL p210 (NCN nemozné urcit), WT7 negat.
1/2019
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Obrazok 2. Karyotyp 46, XY, der(9)t(9;22)(q34,q11)ins(9;2)(q34;
p15p23)
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Obrazok 3. FISH — variantna prestavba BCR-ABL. Na analyzu bola
pouzita sonda XL BCR/ABL1 plus Translocation/Dual Fusion Pro-
be, ABL v spektre orange, BCL v spektre green. (Fuzia BCR-ABL je
zndzornend sipkou, druhd recipro¢nd fuzia chyba v désledku in-
zercie chromozému 2 do chromozému 9. Cervenou je znadeny
ABL z 9. a zelenou BCR z 22. chromozému.)

FISH vysetrenie potvrdilo dic(7;9) pomocou $pecifickych
lokusovych sond ¢7/7q22/7q36 a 9¢/9p16 (obrazok 6). Cen-
troméry chromozému 7 (obrazok 7a) a 9 boli obe pritomné,
na zaklade &oho sme potvrdili dicentricky chromozém. Spe-
cifickou lokusovou sondou sme zaroven detegovali deléciu
kratkeho ramena chromozdému 9 v oblasti p16 (obrazok 7 b),
¢o nam nepriamo potvrdzuje pritomnost dicentra zlozeného
z dlhych ramien chromozémov 7 a 9 a zaroven ndm umoznu-
je uskutocnovat dalSie vysetrenia na interfazovych jadrach
a sledovat monozoémiu 9p.

Nasledujtca kontrola (6/2018) sa uskutocnila z perifér-

nej krvi pomocou FISH analyzy. Bola odhalena pritomnost

2 klonov translokacie 9;22 - klasicky — postihujuci len dva
chromozoémy, 9 a 22, a klon s variatnou translokaciou der(9)
1(9;22)(q34;q11)ins(9;2) (rovnakou ako pri prvom néleze).

Obrazok 4. FISH - inzercia Casti chromozému 2 (zeleny signal)

do 9. chromozému (Cerveny signal). Na analyzu boli pouZité son-
dy XCP 2 Green a XCP 9 Orange. (Sipka oznaduje derivovany chro-
mozdm, ktory ma v spodnej ¢asti modrou zobrazent ¢ast 22, kto-
ra vznikla po t(9;22).)

Obrazok 5. Karyotyp 45, XY, dic(7;9)(p11,p11), der(9)t(9;22)

(g34;q11)ins(9;2)(q34,p15p23)
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Posledna kontrola (8/2018) sa uskutocnila zo vzorky
kostnej drene. Cytogeneticka analyza nebola mozna pre ne-
uspesnu kultivaciu a FISH analyza potvrdila negativny vysle-
dok na pritomnost t(9;22).

Molekulova analyza

Molekulovou analyzou bol u pacienta detegovany fuzny
transkript BCR-ABL p210 pri vSetkych vySetreniach. Hladina
jeho expresie sa v danom ¢ase menila a najvyssia hodnota
bola zaznamenana pri druhej kontrole (4/2018), nasledne uz
pritomnost fuzneho transkriptu rapidne klesala (graf 1). Fu-
zny gén mozno kvantifikovat pomocou NCN, ¢o predstavu-
je pomer poctu kopii fuzneho génu k poctu képii kontrolné-
ho génu (tabulka 2).
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Pacientovi bol analyzovany stav expresie génu WT1. Fy-
ziologicka hodnota zo vzorky kostnej drene je 0,01 — 0,04,
v periférnej krvi je to 0,002. Nadexpresia génu WT1 bola pozi-
tivna pri prvych dvoch vySetreniach a podobne ako pri ostat-
nych vysledkoch bolo mozné pozorovat zhorsenie stavu pa-
cienta prave pri druhom, ked' hladina expresie v kostnej dreni
stupla z 0,057 na 0,09. Nasledne pacient zacal reagovat na
lieCbu a jeho stav sa zlepsil.

Obrazok 6. FISH — dic(7;9) s pouZitim sond XCP 7 Orange a XCP 9
Green (Cervenou je znaceny chromozém 7 a zelenou chromozém
9, Sipka ukazuje na chromozdm, ktory vznikol fuziou dlhych ram-
ien oboch chromozémov)

Diskusia

Pacientovi bola stanovena diagn6za B-ALL. Pre B-ALL je
typicka pritomnost znakov CD10, CD19 a TdT a zaroven ne-
pritomnost CD1170", ¢o koreluje s nasimi vysledkami, u pa-
cienta boli totiz imunologickou fenotypizaciou pritomné zna-
ky CD10 (92 %), CD19 (100 %) a TdT (93 %).

NajcastejSou chromozdmovou aberaciou pri ochoreni
B-ALL u dospelych je t(9;22). Tato aberacia, ¢i uz klasicka,
alebo variantna, je pri B-ALL spojena so zlou progndzou. N&-
zory na biologicku funkciu klasickej a variantnej formy sa roz-
nia. Isté studie naznacuju, ze pacienti s variantnou formou
maju horsie vysledky, avSak existuju aj protichodné nazory,
podla ktorych takéto translokacie nemaju vplyv na vysledok
liecby a prezivanie('3'9. Na zaklade analyzy genetickych vy-
sledkov sa mozno domnievat, Ze pacient mal pévodne kla-
sicku 1(9;22), ktora bola detegovana pri pozitivnej reakcii pa-
cienta na lieCbu, ked doslo k poklesu buniek s patologickym
klonom z 97 % a 20 %.

Graf 1. Graf vyvoja fizneho génu BCR-ABL stanoveného moleku-
ldrnou analyzou v danom Case
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Obrazok 7. FISH - potvrdenie dicentrického chromozému. Obrdzok 7a znazorriuje dve zdravé centroméry (svetlomodrou) a dlhé rame-
nd chromozému 7 (Sipka znézorriuje aberantny chromozdm). PouZita bola sonda XL 7q22/7q36 Deletion Probe vo farebnych spektrach
D7Z1 spektrum aqua, 7q22(KMT2E) spektrum orange, 7q36(EZH2) spektrum green. Obrazok 7 b zobrazuje sondu Translocation/Du-
al ZytoLight® SPEC CDKN2A/CEN 9 Dual Color Probe vo farebnom spektre CDKN2A/CDKN2B spektrum green, D9Z1 spektrum orange.
Na obr. B su dve centroméry chromozému 9 (Cerveny signal) a zeleny signél z oblasti krdtkeho ramena 9p16 je pritomny len raz (zna-
zorneny Sipkou), tym sme potvrdili, pritomnost dic(7;9) tvoreného dlhymi ramenami tychto chromozémov.
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Pri druhom kontrolnom vysetreni (4/2018) pribudol k po-
vodnému nalezu dic(7;9). V patologickom klone sa u pacien-
ta nenachadzal ani jeden 9. chromozdm, ktory by nebol po-
znacCeny chromozémovou prestavbou. Kratke ramena 7p
a 9p obsahuju tumordzne supresorové gény a podla hypo-
tézy ich strata vedie k leukemogenéze. Samotna pritomnost
dic(7;9) pri diagnéze B-ALL ovplyvriuje progndzu, pricom za-
visi najma od veku pacienta. Detsky pacient ma podla litera-
tury priaznivd prognézu a dospely, naopak, nepriaznivu. Pri
dospelych pacientoch sa za najuspesnejSiu lieCbu povazu-
je transplantacia kostnej drene, ak to celkovy zdravotny stav
pacienta dovoluje(1617),

Okolo 70 % dospelych pacientov s ALL a t(9;22) ma aj
sekundarne chromozémové aberacie. NajCastejSie ide
o +der(22)t(9;22), +21, abnormality 9p, vysoku hyperploidiu
(viac ako 50 chromozdémov), +8, =7, +X, zmeny na 8. chro-
mozome, nadbytok ¢asti 1q alebo stratu 7p. Progndza sa lisi
v zavislosti od konkrétnej sekundarnej aberacie.

V stadii Pan a kol. (2006) mali 4 zo 7 pacientov sicasne
obe spomenuté chromozémové aberdcie. Traja pacienti boli
lieCeni chemoterapiou a jeden podstupil transplantaciu kost-
nej drene, dizka ich prezitia bola od 8 do 14,5 mesiaca('”.
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ZlepSenie stavu nasho pacienta napriek zlej prognoze si
oddvodrujeme vhodnou lie¢bou, ktora bola pacientovi poda-
na v spravnom Case. Dolezité je nadalej sledovat pacienta
a v skorom $tadiu podchytit relaps.

Zaver

Komplexna prestavba chromozémov bola pozorovana
u 63-ro¢ného pacienta, ktory prekonal prechod Ph negativnej
MPN na Ph pozitivhu B-bunkovu ALL. Pacient podstupil che-
moterapiu, na ktoru zareagoval hemotoxickym Sokom, preto
mu musela byt zniZzena davka lieciv. Po naslednom stabilizo-
vani krvného obrazu sa stav pacienta zlepsil a momentalne
je v stave remisie. Pre predchadzajlci cytogeneticky nalez
s nepriaznivou progndzou je pre nas tento pripad zaujima-
vy a napriek stavu remisie je nadalej nutné pacienta pravi-
delne monitorovat.
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Primarny liposarkom pankreasu — kazuistika a prehlad literatury

Kristina Mikus-Kuracinova'?, Helena Gavurova?, Monika Sekeresova?
Ustav patologickej anatémie, Lekarska fakulta, Univerzita Komenského v Bratislave
20ddelenie patoldgie, Fakultna nemocnica Nitra

Adenokarciném pankreasu predstavuje 85 % vSetkych nddorov pankreasu a len 1 % zo vSetkych nadorov pankre-
asu je tvorenych nadormi makkych tkaniv. Liposarkém patri medzi najc¢astejSie makkotkanivové nadory a pred-
stavuje 20 % vSetkych mezenchymovych malignit v dospelosti. Sarkdmy z tukového tkaniva sa vyskytuju hlavne
v oblasti retroperitonea a koncatin, zriedkakedy vo visceralnej oblasti. V literatdre bolo opisanych celkovo de-
sat pripadov primarneho liposarkému pankreasu od roku 1979. V naSom ¢lanku opisujeme pripad 34-ro¢ného
muza, ktory sa staZoval na nahle vzniknuti bolest brucha. CT vysetrenie potvrdilo rozsiahly tumorézny proces
v epigastriu s aktivhym krvacanim do tumoru. Na zaklade bioptického vysetrenia bol nalez uzavrety ako primar-
ny liposarkdm pankreasu, myxoidny typ s naslednou kompletnou chirurgickou exciziou nadoru.

Klacoveé slova: liposarkom, pankreas, makkotkanivové nadory, myxoidny liposarkém

Primary pancreatic liposarcoma - the case report and literature review

Adenocarcinoma of pancreas presents 85% of all pancreatic tumors, and only 1% of all pancreatic tumors are soft
tissue tumors. Liposarcoma is the most common soft tissue sarcoma and accounts for 20% of all mesenchymal
malignancies in adulthood. The tumor occurs most frequently in limbs and retroperitoneum, rarely in the viscer-
al region. There was reported ten cases of primary liposarcoma of pancreas since 1979. We described a case
of 34-year old male with sudden abdominal pain. CT confirmed an extensive epigastric tumorous process with
bleeding into the tumor, with presumed tumor origin in the pancreas. Biopsy confirmed a primary liposarcoma

of pancreas — myxoid type, with an achieved subsequent complete surgical excision of the tumor.
Keywords: liposarcoma, pancreas, soft tissue tumors, myxoid liposarcoma

Newslab, 2019; ro¢. 10 (1): 56 — 59

Uvod

Pankreas je zlazovy organ s exokrinnou aj endokrinnou
funkciou. Nadory pankreasu delime na zaklade histogenézy
na epitelové a mezenchymové. Nadory pankreasu epitelové-
ho povodu, kam patri aj adenokarcindm, predstavuju 85 %
zo vSetkych pankreatickych nadorov(, zatial' ¢o nadory z os-
tatnych Struktur pankreasu predstavuju 5 — 15 % nadorov,
z toho mezenchymové nadory tvoria len necelé 1 %®. Na-
dory pankreasu vychadzajuce z tukového tkaniva patria me-
dzi velmi vzacne tumory.

Liposarkdm patri medzi naj¢astejSie makkotkanivové na-
dory dospelého veku, tvori 20 % z tejto skupiny nadorov, ty-
picky postihuje makké tkaniva koncatin a retroperitonea.
Primarne retroperitonealne nadory predstavuju 0,1 — 0,2 %
zo vSetkych malignit®. Podla dostupnej literatury sa lipo-
sarkom vyskytuje u oboch pohlavi rovnako bez vekovej pre-
dikcie. Retroperitonealne liposarkdmy rastu pomaly a bez
Specifickych klinickych priznakov. Nalez viscerdlneho lipo-
sarkomu je velmi zriedkavy*®. Pacienti sa obycajne stazu-
ju na brusny diskomfort, nechutenstvo a chudnutie, bez ele-
vacie nadorovych markerov®. Podla dostupnych literarnych
zdrojov bolo opisanych len desat pripadov liposarkému pan-
kreasu od roku 19790712, z toho sedem v anglickom jazy-
ku(-6812) (tabulka 1). Prvy pripad spomenul Elliott et al. v ro-
ku 19807,

Kazuistika

Opisujeme pripad 34-ro¢ného muza, u ktorého sa z plné-
ho zdravia nahle objavili po jedle bolesti brucha a brusny dis-
komfort. CT vySetrenie odhalilo v epigastriu velky tumorézny
proces solidno-cystického charakteru s aktivnym krvaca-
nim do tumoru, bez moznosti urCenia primarneho loziska
(obrazok 1). Podl'a operacného zdznamu iSlo o nador te-
la pankreasu s prerastanim do malej predstery a k prieCne-
mu hrubému ¢revu. Nador bol fragilnej, makkej konzistencie,
s loziskami nekréz a krvacani, velkosti 30 x 25 x 25 cm a cel-
kovej hmotnosti 1800 g (obrazok 2). Z anamnézy pacien-
ta bol zaujimavy Udaj o exstirpacii myxoidného liposarkomu
z pravého stehna v minulosti.

V tumore boli pritomné loziska krvdcania a diskrétne
nekrdzy. I1Slo o neostro ohrani¢eny nador infiltrujici pankrea-
tické tkanivo, so zavzatim duktov a Langerhansovych ostrov-
Cekov, nalez svedcil o primarnom tumore tukového tkaniva
tela pankreasu. V mikroskopickom obraze bol nador tvore-
ny lipoblastmi vzhladu signet-ring buniek, v okrajoch lézie
s multivakuolizovanymi lipoblastmi, zachytené boli aj l'ah-
ko atypické stromalne bunky a okruhle primitivne bunky (asi
1 %). Nadorova populdcia bola vnorena v nadbytoc¢nej myxo-
idnej stréme, s tvorbou mukoidnych jazierok az cystickej de-
generacie. Pritomna bola prominentna vaskulatura s tenky-
mi stoCenymi kapilarami, vzhladu ,chicken wire”. Nadorové
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Tabulka 1. Prehlad pripadov primarneho liposarkému pankreasu popl'sanych v anglickom jazyku

e rehavel ek s Typ liposarkomu

Elliot et al., 1980 [7] zena brusny dyskomfort telo pankreasu 16 cm plemorfny typ
5 bolest brucha, anorexia, | telo a chvost dobre diferencovany s loziskami
2 Dodo et al, 2005 [1] muz 76 strata hmotnosti pankreasu 9 cm dediferencidcie
3 Kuramoto et al., 2013 [8] muz 24 brusny dyskomfort telo pankreasu 25cm myxoidny typ
4 Kim et al., 2014 [2] Zena 78 asymptomaticky telo pankreasu N/A dobre diferencovany
5 Machado et al., 2016 [6] muz 42 bolest brucha hlava pankreasu| 6,8 cm dediferencovany high grade
6 Mattews et al., 2016 [12] zena 65 asymptomaticky telo pankreasu 4 dobre diferencovany
7 |Jing-Yong Xu etal, 2018 [3] | muz 69 bolest brucha a chrbta | hlava pankreasu| 7,3 cm dedlfere,ncovany yp.
(myxoidny/pleomorfny)

8 nas pripad, 2018 muz 34 nahla prihoda brusnd | telo pankreasu 25 cm myxoidny typ

Obrazok 1. CT scan brusnej dutiny

bunky vykazovali S100, vimentin, p16 pozitivitu, boli negativ-
ne pre p53,CD34, SMA, HMB45 a s po¢tom mitéz (PHH3): 4
mit6ézy na 10 HPF, s proliferacnou aktivitou (Ki-67): asi 25 %
(obrazky 3 - 8).

Na zaklade histomorfologického a imunohistochemické-
ho vySetrenia bol nalez uzavrety ako primarny myxoidny li-
posarkém tukového tkaniva tela pankreasu, podla FNCLCC
(The French Federation of Comprehensive Cancer Centers)
skoére 4 (diferencidcia tumoru 2, nekrézy 1, mitézy 1), grade
2, staging pT2b, pNX, pMX.

Diskusia

Primarny liposarkdm pankreasu je extrémne zriedka-
vy tumor doteraz opisany v desiatich pripadoch zastupeny
u oboch pohlavi a v Sirokom vekovom zastupeni (24 - 78 ro-
kov). Pacienti sa vacsinou staZzovali na brusny diskomfort
s bolestou zaltidka®’®, na anorexiu a stratu hmotnosti®,
a v troch pripadoch pacienti nemali Ziadne klinické tazkos-
1i12, V nasom pripade bol tumor objaveny pri vysetreni pre
nahle vzniknutl bolest brucha. Pri diagnostike m6zu byt na-

Obrazok 2. Tumor pankreasu - makroskopicky

pomocné zobrazovacie vysetrovacie metédy (MRI, CT), no li-
posarkém je ¢asto na nerozoznanie od inych typov sarké-
mov(. Pritomnost tukového tkaniva vnutri nddoru moze
nasmerovat k diagndze liposarkdému.

WHO klasifikdciu makkotkanivovych nadorov z roku
201374 o rok neskér upravil Doyle et al.'® a zmeny sa ty-
kali aj klasifikacie nadorov z tukového tkaniva. Na zaklade
spominanych klasifikacii si nadory z tukového tkaniva roz-
delené z hl'adiska biologického spravania na tri skupiny: be-
nigne, intermedidrne a maligne. Na zaklade morfologickych
vlastnosti a cytogenetickych aberacii WHO deli liposarkémy
do Styroch skupin: dobre diferencované a dediferencované li-
posarkéomy (WDLPS a DDLPS), myxoidny liposarkém (MLS)
a pleomorfny liposarkém (PLS)(9. Histologicka klasifikacia
je zaloZzend najma na morfologickych znakoch nadoru v zak-
ladnom farbeni H & E. Amplifikacia a overexpresia MDM 2 je
charakteristickd pre dobre diferencované a dediferencované
liposarkémy, na ktorych diagnostiku nam méze pomoct FISH
metoda aj imunohistochémia®.

Myxoidny liposarkém predstavuje 15 — 20 % zo vSetkych
liposarkdmov a tvori 5 % zo vSetkych makkotkanivovych na-
dorov(4. Typicky postihuje hiboké makké tkaniva koncatin,
zriedkakedy sa nachddza retroperitonedlne alebo subku-
tanne(. Na zaklade histomorfologickych znakov myxoid-
ny liposarkdm delime na low grade a high grade. Vo vacsi-
ne pripadov je vSak myxoidny typ liposarkdmu vSeobecne
povazovany za low grade nador s pomalym rastom, s niz-
kym metastatickym potencialom a s progresivnou destruk-
ciou pankreatického tkaniva®®. Tieto nadory maju celko-
vo lepSiu progndzu v porovnani s dediferencovanymi alebo
pleomorfnymi typmi liposarkdmu, oznacovanymi ako high
grade nadory, ktoré sa vyznacuju vysokym metastatickym
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Obrazok 3. Liposarkém pankreasu, HE 200x
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potencidlom a agresivnym spravanim. Dva hlavné faktory,
ktoré ovplyviuju prognézu pacienta, su stupen diferencia-
cie nadoru a rozsah chirurgickej resekcie. Podl'a dostup-
nych udajov je patro¢né prezivanie po kompletnej chirur-
gickej resekcii medzi 41 - 50 %®'". Len v jednom z 6smich
pripadov bola opisana rekurencia nadoru po 44 mesiacoch
po chirurgickej excizii®.

Obrazok 6. Ki-67, 200x

Zaver

Pankreaticky myxoidny liposarkém predstavuje raritny na-
dor pankreasu a faktorom ovplyviujicim prognézu je hlav-
ne primeranost chirurgickej resekcie v ¢ase prvého zachyte-
nia nadoru. Prezentovany pripad je zaujimavy pritomnostou
dvoch myxoidnych liposarkdmov v dvoch roznych lokalitach.
Neda sa vylucit moznost, Ze exstirpovany nador zo stehna
bol metastazou primarneho liposarkdmu pankreasu.
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Crevna mikrofléra — 6o znamena pre nés a ¢o pre fiu méZeme znamenat

my?
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Na uvod sa rovno priznam, ze tentoraz moj prispevok nie
je uplne origindlnym dielom vytvorenym len pre aktualne vy-
danie Casopisu NewsLab. Jeho podkladom je moja rovno-
menna predndska, ktord odznela v roku 2017 v rdmci podu-
jatia Noci vyskumnikov v Bratislave. Dovodom mojho navratu
k zdanlivo ,starSej" téme v tejto pravidelnej rubrike venovanej
shovinkam" v§ak nie je len vSeobecny fakt, Ze o revnom mik-
robidme sa hovori ¢oraz viac, ale konkrétne dve Stldie uverej-
nené v jednom a tom istom vydani ¢asopisu Nature v oktdbri
2018, ktoré zaujali moju pozornost. Obidve préace reportovali
vysledky stdie TEDDY (The Environmental Determinants of Di-
abetes in the Young), ktora bola venovana otazkam, ako skoré
fazy zivota a vonkajsie vplyvy v tomto obdobi formuju detsky
¢revny mikrobiom®, a zéroven ako st zmeny v zloZeni mik-
rofléry a vo funkciach nou poskytovanych asociované s rizi-
kom ochoreni, v tomto pripade diabetu®. Co povazujem za
velmi zaujimavy vysledok, je, ze v ,ochrane” pred ochorenim
pravdepodobne dblezitejsiu Ulohu nez taxonomické umiest-
nenie mikroorganizmu zohrava samotny gén (resp. jeho pro-
dukt), ktory ho poskytuje nasmu organizmu. To je totiz v kras-
nom sulade s davnejsim nazorom, ze dblezité je, aby napriek
dynamike v druhovom zlozeni zostala zachovand rovnova-
ha v ,ekologickej” Ulohe ¢revnej mikrofldry, napr. v konkrétnej
metabolickej aktivite, ktort treba zabezpecit. To znameng, ze
ked treba zaistit urcitd funkciu, je viac-menej jedno, ktory or-
ganizmus to zabezpeci. Dolezité je, aby bol nejaky organizmus
schopny to zabezpecit. Cielom tohto prispevku v§ak nemal
byt opis tychto dvoch publikécii, ale skor snaha o vzbudenie
zaujmu ohl'adne vyznamu ndsho ¢revného mikrobiému. Pod-
I'a mo6jho povodného prisfubu sa aj teraz budem snazit odvo-
lavat na Citatelné prispevky pre tych, ktorych téma zaujme, av-
Sak nechce sa im ¢itat tvrdd vedeckd literaturu.

Ale podme pekne poporiadku. Urcite nie je ziadna novin-
ka pre nikoho z Citatel'ov, ze v naSich ¢revach existuje velmi
komplexna mikrofléra, tvoriaca nds ¢érevny mikrobiém. Pod-
l'a klasickej predstavy sa traviaca sustava zacina kolonizo-
vat postupne po pérode a jej pIne funkéné zlozenie sa vytvori
okolo druhého az tretieho roku zivota. Pred pérodom by mal
byt plod chréneny pred infekciami placentou, ¢o znameng, Zze
kym sa nie¢o nepokazi, plod by mal byt sterilny. Ako mnoho
inych ortodoxnych predstav aj tato Celi v poslednom obdobi
urcitym vyzvam, kedZze moderné metddy umoznili identifika-
ciu bakteridlnej DNA aj v placente. Tento ndlez koreSpondo-
val napr. s ndlezom odlisnosti medzi mikrobiémovou koloni-
z4aciou novorodencov v prvom tyZdni ich Zivota a mikroflérou
vaginy ich matiek pri porode®. Pre Uplnost v§ak treba spo-
menut, Ze aj tieto nové vysledky Celia kritike, ako to byva zvy-
kom pri vSetkych novych vysledkoch burajucich existujice

dogmy. V sucasnosti sme vo faze, ked ¢akame, ktoru z nich
potvrdia vysledky pribddajicich stadii.

V kazdom pripade, ked' je uz jeho zlozenie ustalené, je
komplexita l'udského ¢revného mikrobidmu naozaj obrovska.
Nechybaju tu ani virusy, ani zastupcovia archei, baktérii a eu-
karyot. Naozaj pestré ekologické spoloCenstvo, ktoré je na-
vysSe extrémne dynamické, pricom sa tu daju najst asi vsetky
typy spolunazivania organizmov znamych z beznych ekologic-
kych vied, ¢i uz z hladiska vztahu medzi zlozkami mikrobio-
mu a hostitel'ského organizmu, alebo z hl'adiska vzajomnych
vztahov medzi jednotlivymi zlozkami nasho ¢revného mikro-
biomu. A z tohto bodu je naozaj doslova na dosah vyrok, podla
ktorého je vplyv ¢revného mikrobidmu na nas zdravotny stav
obrovsky. S mikrobiémom je to vSak ako so vSetkym inym, tre-
ba sa snazit brat stvislosti s rozumom®.

Vieme, ze fyziologicky ¢revny mikrobiém pre nas znamena
ochranu proti patogénom, a to napr. priamou kompeticiou ale-
bo vylu¢ovanim antimikrobialnych latok. Novinkou nie je ani to,
Ze pomaha aj v spracovani potravy, poskytuje rézne nutrienty,
vitaminy a metabolity. Ale ¢o povazujem za Specialne dolezi-
1é, je, ze Crevny mikrobidém sa intenzivne zapaja do spravneho
vyvinu a spravneho fungovania imunitného systému, a zaro-
ven ovplyviiuje aj nds nervovy systém. Prave to su témy, na
ktoré by som chcel upozornit vo zvysnej Casti tohto textu. Pri
tom je vSak délezité zrekapitulovat aj to, Co znamename my
pre nas crevny mikrobidm. Sme totiz pren prostredim, kde mé6-
Ze zit a prosperovat. Poskytujeme vhodné a najma konstantné
fyzikdlne prostredie, a to vo forme slizkej mukézy a celkovej
architektury Creva, vhodnej teploty, vihkosti a pH. ZabezpeCu-
jeme pren neustdly prisun zivin a v neposlednom rade anti-
mikrobidlne latky posobiace na pripadné kompetitivne druhy
mikrooganizmov, ¢im dokaZeme zvyhodnovat urcité konkrét-
ne druhy a potlacat iné. Ovplyvriujeme teda diverzitu mikrobio-
mu, Cize druhové zloZenie, aj celkovd abundanciu jednotlivych
organizmov. A prdve pre tieto zlozité interakcie je mnohokrat
dysbidza, Cize narusenie rovnovahy ¢revnej mikrofléry, nielen
sprievodnym, ale aj vyvoldvajucim faktorom mnohych ochore-
ni, fyziologickych aj emocionalnych stavov. Mnoho vedeckych
vysledkov poukazuje dokonca na to, ze existuju jedinci, ktori
sU zavisli od pritomnosti ¢revnych parazitov, aby ich imunit-
ny systém fungoval spravne. Hlist a inych ¢revnych parazitov
sme sa totiz zbavili az v poslednom storoci nastupom vylepse-
nych hygienickych moznosti. Problém spociva vtom, ze poCas
miliénov rokov evoldcie sme spolu nazivali aj s tymito Crevny-
mi parazitmi, Comu sa prispdsobil i nas organizmus, konkrét-
ne nas imunitny systém. Vyzera to tak, ze spravne fungovanie
imunitného systému viacerych z nas sa stalo doslova zavis-
lym od niektorych latok vyluCovanych tymito organizmami
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a ich absencia vedie k chybam imunitného systému. Takéto
chyby mozu spocivat napriklad v reguldcii ostatnej Casti ¢rev-
ného mikrobiomu, a tak viest k ochoreniam, ako st zapalové
¢revné ochorenia. V tomto kontexte sa Coraz viac sklofuje vy-
raz helmintoterapia, Cize lieCba pomocou hlist. Zistilo sa totiz,
ze ked' niektorym pacientom vratime tieto parazity, symptémy
ich ochorenia sa stratia alebo sa aspon zmiernia. Podobne
ako kazda ina terapia, aj tato vSak funguje iba na urcitej pod-
skupine pacientov s vybranymi ochoreniami®.

Ale v ¢om spociva tato Uzka vzajomna prepojenost? Pod-
I'a aktualnych vedomosti je odpovedou na tuto otazku nervus
vagus, Cize bludivy nerv. Nerv majuci aj aferentné, aj eferent-
né vlakna, ¢ize zbierajlci informacie aj odovzdavajuci rozkazy.
Tento nerv prakticky zabezpecuje nielen vSetky mimovolové
pochody traviacej sustavy spojené s travenim, ale aj obojsmer-
nu signalizaciu stresovej odpovede organizmu. K jeho funk-
ciam mo6zeme pridat navyse vzdjomnu priamu komunikaciu
mikroorganizmov s mozgom hostitela. Tym sa ndm dostava
na dosah dalsi vyrok, podla ktorého mentalne zdravie méze
byt ovplyvnené zlozenim c¢revnej mikroflory a zaroven Crevna
mikrofléra moéze byt formovana mentalnym zdravim. Toto sa
da zistit aj z bezného Zivota: ked ma ¢lovek traviace problémy,
nemava velmi dobrd naladu a urcite kazdy pozna takych l'udi,
ktori od stresu dostanu hnacku. Notoricky zndmy je priklad sé-
rotoninu, populdrneho hormdnu $tastia, ktory je produkovany
hlavne v gastrointestinalnom trakte. Dokazalo sa, ze existuju
bakterialne kmene priamo podporujice tvorbu sérotoninu. Ce-
la spominana komunikacia moéze viest ku konkrétnym fyzic-
kym prejavom, ako su napriklad gastrointestinalne problémy,
bolesti a depresia, ktoré su typickymi prejavmi syndromu draz-
divého Creva, ktorého symptémy u niektorych pacientov ustu-
pia pri uzivani probiotik. A ked' k draham zabezpecenym blu-
divym nervom priberieme aj regulaciu zapalu, Comu hovorime
zapalovy reflex zabezpeéeny érevno-mozgovou osou, tak sa
velmi rychlo dostaneme od syndromu drazdivého Creva k au-
toimunitnym ochoreniam, ako st spominané zapalové Crev-
né ochorenia. Tie sa Uzko spdjaju s ¢revnou dyshidzou. Vy-
tvara sa ndm teda obraz celkom intenzivnej a komplikovanej
vzdjomnej komunikdcie a prepojenosti mikrofléry, mentalneho
stavu a fyzickych ochoreni. Vysledkom je, ze nasu dobre zna-
mu ¢revno-mozgovu os, sprostredkovanu bludivym nervom,
mo6Zeme s najvac¢sou pravdepodobnostou zacat povaZzovat za
mikrobiémovo-Crevno-mozgovu 0s®©),
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Ako vsak z toho véetkého mozeme profitovat v naSom kaz-
dodennom zivote? Idedlnym stavom je, ked' sa vedecké po-
znatky dokazu preklopit do bezného Zivota kazdého z nas ale-
bo aspon do klinickej starostlivosti o niektorych z nas. V tomto
smere o probiotikach a prebiotikdch poc¢ul naozaj uz asi kazdy.
Vsetky maju potencial vylepsit ¢revny mikrobiém a zasiahnut
tak do klinickej starostlivosti. Existuju v§ak aj exotickejSie, ba
na prvy pohlad az bizarné moznosti na dosiahnutie tohto cie-
I'a. Napr. spominana helmintoterapia, kde sa podavaju ¢revné
parazity pacientom, najcastejsie vo forme purifikovanych va-
jicok®. Nemo6zeme nespomendt ani tzv. fekalnu transplanta-
ciu, pri ktorej sa mikrobiom z ¢reva zdravého Cloveka prenesie
priamo do Creva Cloveka s ¢revnou dysbidzou, a to konkrétne
vyplachom ¢revného obsahu a jeho prenesenim do Creva iné-
ho pacienta®. Tieto postupy vSak prirodzene nemusime nut-
ne povazovat za napady na definitivnu terapiu. Skor ako od-
razové mostiky na identifikaciu pacientov, u ktorych fungujq,
s naslednym hl'adanim konkrétnych faktorov a zloziek spusta-
jucich ziaduce reakcie organizmu. Potom sa tieto zlozky mo-
Zu teoreticky vyuzit v terapii uz v purifikovanom alebo synteti-
zovanom stave. Takéto latky oznaCujeme za postbiotika, Cize
latky obsiahnuté v organizmoch tvoriacich mikrobiém, pripad-
ne latky vyluCované tymito organizmami. Ale ked bludivy nerv
v tejto problematike zohrava taku vyznamnu dlohu, tak popri
exotickych mame aj futuristickejSie moznosti vyuzitia vedo-
mosti, a to napr. vo forme pravidelnej umelej stimuldcie bld-
divého nervu elektrickym Sokom, konkrétne pomocou implan-
tovanych zariadeni vydavajucich kratke elektrické impulzy do
daného nervu po externej aktivacii priloZzenym magnetom®,
Len pre zaujimavost, tieto ,lieky” sa nenazyvaju farmaceutika,
ale elektroceutika.

Téma by sa dala prirodzene rozpracovat na mnoho a mno-
ho stran, sluboval som vSak do tejto rubriky kratke texty, kto-
ré si Clovek méze precitat hoci aj pri kave. Na zaver mi teda
dovolte uz len jedind myslienku. Aby sme vedeli, akym sme-
rom treba modifikovat zloZenie ¢revného mikrobiému, musi-
me ho najskor vediet charakterizovat, a to u kazdého jedin-
ca v realnom Case. Aky je jeho aktualny stav, i sa nachadza
v rovnovahe, pripadne Ci bola tato rovhovaha narusena. Me-
todickych moznosti mame Coraz viac a su ¢oraz dostupnej-
Sie, maju vsak aj svoje limity. Prisluby budicnosti, mozno ani
nie takej dalekej, su pritom velmi ldkavé. To je vSak uz téma
na dalsi pribeh.

5. Savage N. Q & A: Joel Weinstock. Worm charmer. Nature 2016;
540(7634): S103.

6. Eisenstein M. Microbiome: Bacterial broadband. Nature 2016;
533(7603): S104-6.

7. Drew L. Microbiota: Reseeding the gut. Nature 2016; 540(7634):
S109-S112.

8. Fox D. The electric cure: The shock tactics set to shake up immunol-
ogy. Nature 2017; 545(7652): 20-22.

RNDr. Jan Radvanszky, PhD.

Ustav klinického a translaéného vyskumu
Biomedicinske centrum, Slovenska akadémia vied
Dubravska cesta 9, 845 05 Bratislava

e-mail: jan.radvanszky@savba.sk

62

1/2019
newsla




ZDRAVIE PLODU NIE JE HADANKA

Pocas starostlivosti o tehotn zenu musia lekar i pacientka casto prekonat’
momenty, ktoré mdzu vzbudzovat obavy a narusit tak pokojny priebeh tehotenstva.
V MEDIREX GROUP plne chapeme potreby vas lekarov a vasich pacientok.

TRISOMYZed? TRISOMYed? XV

VYUZITE VYHODY NASHO
TRISOMY TESTU:

TRISOMY test TRISOMY test XY TRISOMY test +

° VYSOka SPOIah“VOSt k_ Downov syndrém Downov syndrom Downov syndrom
(trizémia 21) (trizémia 21) (trizomia 21)
* Najnizsia cena na trhu ’ Edwardsov syndrom Edwardsov syndrom Edwardsov syndrom
w‘ (trizémia 18) (trizomia 18) (trizomia 18)
© SlovenSky prOdUkt VyVinUtV Patauov syndrém Patauov syndrém Patauov syndrém
s|ovensk)’/mi vedcami o (trizémia 13) (trizomia 13) (trizomia 13)
-
{_ Pravdepodobné Chromozémové Chromozémové
- test vykonavany v slovenskych laboratériach | pohlavie plodu pohlavie plodu pohlavie plodu

Turnerov syndrom Turnerov syndrém
(monozémia X) (monozémia X)

« vySetrenie z krvi (nie zo vzorky

Z|skanej amnlocentezou) Klinefelterov Klinefelterov syndrém
syndrém (XXY)
L e . . . (XXY) XYY syndrém (XYY)
+ najrychlejSie vysledky uz do 5 dni XXX syndrém 0000
XYY syndrom (XYY)
DiGeorgeov syndrom
XXX syndrom (XXX) (22911

V PRIPADE POZITIVITY TESTU Praderov-Willho

a Angelmanov
syndréom

» komplexna geneticka diagnostika (15q1n

s 5 Q 2 7 " g Cri-du-chat syndrom
« nasledna geneticka ambulantna starostlivost (5p15)

Syndrém delécie 1p36
Wolfov-Hirschhornov

syndrom (4p16.3)

gynekolég alebo gynekolég alebo lekarsky genetik
lekarsky genetik lekarsky genetik

T ———————

www.trisomytest.sk



.

www.newslab.sk
edire> groupacademy.sk

-




