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Abstrakt. Uvod: Najcastejsiu skord komplikéciu po transplan-
tacii srdca (HTx) predstavuje odvrhnutie, rejekcia transplanto-
vaného myokardialneho Stepu. Vzhladom na opakovany nélez
zvysenych markerov oxida¢ného stresu u mnohych pacientov
po HTx a ich tcast pri imunologickej reakcii v priebehu rejekcie,
predstavuju enzymy ako paraoxondza 1 (PON1) potencialny
diagnosticky parameter.

Ciel* Stanovit a nasledne porovnat paraoxonazovu a arylestera-
zovu aktivitu enzymu PON1 v zdvislosti od jej vybranych DNA
polymorfizmov u pacientov po HTx s rdznym stupriom a po¢tom
rejekénych epizdéd (hladina vyznamnosti uréena ako p < 0,05).

Pacienti a metddy: 110 vzoriek krvi pacientov po HTx (z toho 79
vzoriek pacientov s prekonanou rejekciou po HTx a 31 od pacien-
tov bez rejekénej epizddy). Na detekciu DNA polymorfizmov génu
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Abstract. Background: The most common early complication
after heart transplantation (HTx) is rejection of the transplanted
graft. Regarding the recurrent finding of elevated markers of
oxidative stress in many patients after HTx and their involve-
ment in the immune response during rejection, enzymes,
such as paraoxonase 1 (PON1), present a potential diagnostic
parameter.

Aim of the study: To determine and then compare paraoxo-
nase and arylesterase PON1 enzyme activity depending on
the selected DNA polymorphisms in patients after HTx with
various stages and numbers of rejection episodes (the level
of significance stated as p < 0.05).

Patients and methods: 110 blood samples from patients after
HTx (79 blood samples from patients with overcome reject-
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PON1 bola pouzitd PCR-RFLP analyza. Vzorky boli na zéklade PON1
polymorfizmu rozdelené do troch podskupin - ,silny genotyp”
(RR/LL, QR/LL), ,stredny genotyp” (QR/LM, QR/MM, QQ/LL, QQ/
LM) a,slaby genotyp” (QQ/MM). Paraoxondzova a arylesterdzova
aktivita PON1 bola stanovena spektrofotometrickym monitorova-
nim hydrolyzy daného substratu (paraoxon, fenylacetét).
Vysledky: Paraoxondzova (3,136 + 2,300 pkat/l vs. 4,075 + 3,53
pkat/l, p = 0,19) ani arylesterdzova aktivita enzymu PON1 (2,021
+ 0,670 pkat/l vs. 1,945 + 0,680 pkat/l, p = 0,61) nebola v sle-
dovanych skupinédch Statisticky vyznamne rozdielna nezdvisle
od sledovanych genotypov.

Zdver: Aktivita PON1 pravdepodobne neméd patofyziologicku
suvislost s vyskytom, respektive zavaznostou rejekcie trans-
plantovaného myokardidlneho stepu. Obr. 6, Lit. 18, Online full
text (Free, PDF) www.cardiology.sk

Klti¢ové slova: Paraoxondza 1 — 55 (L/M) a 192 (Q/R) DNA po-
lymorfizmus - paraoxondzova aktivita — arylesterdzové aktivita
- oxidacny stres — rejekcia

ion and 31 blood samples from patients without rejection
episode). PCR-RFLP analysis was used to determine PON1’s
gene polymorphisms. All samples were divided into 3 groups
according to polymorphism -“strong genotype” (RR/LL, QR/LL),
“middle genotype” (QR/LM, QR/MM, QQ/LL, QQ/LM) and “weak
genotype” (QQ/MM). Paraoxonase and arylesterase activities
were detected by spectrophotometer of hydrolysis substrate
(paraoxone and phenylacetate).

Results: Statistically significant difference of paraoxonase (3.136
+ 2.300 pkat/l vs. 4.075 + 3.53 pkat/l, p = 0.19) and arylesterase
PON1’s activities (2.021 + 0.670 pkat/I vs. 1.945 + 0.680 pkat/I,
p = 0.61) was not found, irrespective of analyzed genotype.
Conclusion: 1t is assumed that PON1 has no pathophysiologic
relationship with incidence or relevancy of rejection after HTx.
Fig. 6, Ref. 18, Online full text (Free, PDF) www.cardiology.sk
Key words: paraoxonase 1 - 55 (L / M) and 192 (Q / R) DNA poly-
morphism — paraoxonase activity — arylesterase activity — oxidative
stress — rejection

Transplantdcia srdca (HTx) predstavuje ndro¢nu liecebnu
metddu indikovanu u vybranych pacientov s pokrocilym, inak
neriesitelnym srdcovym zlyhdvanim. Vo vyspelych spolo¢nos-
tiach predstavuje sti¢ast komplexnej starostlivosti o presne de-
finovanych pacientov v kone¢nom $tadiu srdcového zlyhavania,
ktoré nie je mozné uspesne riesit Ziadnou zo znamych a do-
stupnych konzervativnych, interven¢nych alebo akceptovanych
kardiochirurgickych lie¢ebnych metéd (1). V potransplantacnom
obdobi sa po kratsom ¢i dlh§om intervale prejavuji komplikacie
v ddsledku imunitnej reakcie prijemcu voc¢i myokardidlnemu
$tepu a tiez nevyhnutnej imunosupresivnej liecby.

Za najcastej$iu skoru komplikaciu po HTx pokladame od-
vrhnutie, respektive rejekciu transplantovaného myokardialne-
ho $tepu. V potransplanta¢nom obdobi sa vyskytne prakticky
minimalne raz u kazdého prijemcu (2). Patofyziologickym
podkladom rejekénych epizdd je infiltracia myokardu T-lym-
focytmi (celuldrna rejekcia) alebo B-lymfocytmi s produkciou
protilatok (humorélna rejekcia). Podla masivnosti infiltratu
vo vzorke ziskanej invazivne pomocou endomyokardialnej
biopsie (EMB) rozliujeme viacero stupnov celularnej rejek-
cie - 1R (mierna rejekcia), 2R (stredne tazka rejekcia) a 3R
(tazka rejekcia) a pritomnost, respektive nepritomnost humo-
ralnej rejekcie (AMRI, respektive AMRO0). EMB predstavuje
zlaty $tandard detekcie rejekcie, avsak je spatd s malym, no
nezanedbatelnym rizikom sprievodnych komplikacii, ako je
napriklad tampondda srdca alebo pneumotorax.

Paraoxondza 1, znama tiez ako organofosfathydrolaza,
A-esteraza alebo aryltrifosfataza (PON1, EC 3.1.8.1) predsta-
vuje Ca** dependentnu fosfotriesterazu pozostavajicu z 354
aminokyselin tvoriacich dve proteinové podjednotky prevazne
v B-$trukture, stabilizované disulfidovou vizbou medzi dvoma
jednotkami cysteinu v pozicii 41 a 352. Kazdéa podjednotka ma
dve vizbové miesta pre vapenaty ion, ktory ma stabilizujucu
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Heart transplantation (HTx) is a challenging treatment method
indicated in selected patients with advanced, otherwise ir-
resolvable, heart failure. In developed societies part of the
comprehensive care of well-defined patients with end-stage
heart failure, which cannot be successfully addressed by any
of the known and available conservative, is intervention or
cardio surgical therapies (1). In the post-transplant period after
a shorter or longer interval complications are exhibited due to
the immune response of a recipient against cardiac allograft
and also the inevitable immunosuppressive therapy.

Rejection or myocardial rejection of the transplanted
graft is considered the most common early complication
after heart transplantation. In the post-transplant period it
practically happens at least once in each recipient (2). The
pathophysiological basis of rejection episodes is infiltration of
myocardial T-lymphocytes (cellular rejection) or B-lympho-
cytes producing antibodies (humoral rejection). According
to the robustness of the infiltrate in the sample obtained by
invasive endomyocardial biopsy (EMB), various stages of
cellular rejection are distinguished — 1R (mild rejection), 2R
(moderate rejection) and 3R (severe rejection) and presence or
absence of humoral rejection (AMR1 or AMRO). EMB is the
gold standard for detection of rejection, however, it is linked to
a small but a significant risk of accompanying complications,
such as cardiac tamponade or pneumothorax.

Paraoxonase 1, also referred to as organophosphate hyd-
rolase, A-esterase or aryltriphosphatase (PON1, EC 3.1.8.1)
is a calcium-dependent phosphotriesterase consisting of 354
amino acids constituting two protein subunits predominantly
in the B-structure, stabilized by disulfide bonds between
two cysteine units at position 41 and 352. Each subunit has
two binding sites for a calcium ion, which has a stabilizing
function. Molecular weight of PON1 is approximately 45 kDa.



funkciu. Molekulovd hmotnost PON1 je priblizne 45 kDa.
Podobne ako PON3 je aj PON1 viazana v krvi na lipopro-
teiny s vysokou hustotou (HDL) (3, 4). PON1 hydrolyzuje
a tym inaktivuje mnohé organofosfaty (OP), ako paraoxén
(vznika v organizme metabolickou premenou insekticidu
paration), insekticidy paration a chlérpyrifos a nervové jedy
ako soman a sarin. Vykazuje laktonazovu aktivitu (podobne
ako PON2 a PON3), ¢ize schopnost $tiepit dihydrokumarin,
homocysteintiolaktén a iné laktony. Vyznamnym uc¢inkom
PON1 je aj inhibicia peroxidacie LDL c¢astic a hydrolytické
Stiepenie oxidovanych foriem fosfolipidov, ¢im vyznamne
ovplyviiuje rozvoj aterosklerdzy a imunologické reakcie v or-
ganizme (5). Antiaterogénny u¢inok PON1 potvrdzuju mnohé
epigenetické, genetické a biochemické $tadie s transgénnymi
a PON1-knockoutovanymi mysami. HDL castice takychto
mys$i nedokazali zabranit oxidativnemu poskodeniu LDL castic
a tym vzniku ich oxidovanych foriem (oxLDL) (3 - 5).

Gén pre PON1, nachadzajuci sa na lokuse 7q21.3 (29 370 bp),
je dominantne exprimovany v ludskych hepatocytoch. V kéduju-
cej oblasti génu PONT1 boli najviac opisané dva jednonukleotido-
vé polymorfizmy (SNP), konkrétne zaimena leucinu za metionin
v kodéne 55 (55-Leu/Met (L/M)) a v kodéne 192 zamena gluta-
minu argininom (192-GIn/Arg (Q/R)) (6). Na zaklade 192(Q/R)
polymorfizmu, respektive v suvislosti s aktivitou hydrolyzovat OP,
rozliSujeme Q a R-izoformu PON1. R-izoforma hydrolyzuje v in
vitro podmienkach paraoxdn (paraoxondzova aktivita), diazoxén,
soman alebo sarin omnoho rychlejsie ako Q-izoforma, pri¢om
schopnost hydrolyzovat fenyalcetét (arylesterdzova aktivita) nie
je vyznamne odli$nd (7). Polymorfizmus 55(L/M) neovplyviuje
interakciu PON1 do takej miery ako 192(Q/R) DNA polymor-
fizmus. 55(MM) izoforma je asociovand s celkovo znizenou
paraoxonazovou aktivitou séra (aj antioxida¢nou schopnostou)
a niz$ou koncentraciou enzymu (8). Uvedené vysledky $tudii
podporuje aj krystalograficka analyza 55(LL) izoformy, ktora
poukazuje na klucovy vyznam aminokyseliny leucin v procese
usporiadania PON1 enzymu do tercidrnej struktury. Aktivitu
PONI preto vyznamne ovplyviiuje individualny genotyp pre
uvedené polymorfizmy, a to v suvislosti s poklesom aktivity
v poradi RR>QR>QQ v pozicii 192 a LL>LM>MM v pozicii
55 polypeptidového retazca (9, 10).

Celosvetovo je vSeobecnou snahou zadefinovat parametre
vyznamne korelujice s epizédou rejekcie transplantovaného
$tepu bez nutnosti pouzitia EMB. Vzhladom na opakovany
nélez zvySenych markerov oxida¢ného stresu u mnohych
pacientov po HTx a ich tucast pri imunologickej reakcii
v priebehu rejekcie, stavaju sa tieto potencidlnym diagnos-
tickym cielom (11, 12).

Material a metody

Do $tudie bolo zaradenych 110 vzoriek krvi odobranych
pri Standardne realizovanych EMB a kontrolnych ambulant-
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Like PON3, PONI1 is also tied up in blood high-density
lipoproteins (HDL) (3, 4). PON1 hydrolyzes and thereby
inactivates many organophosphates (OP) such as paraoxon
(produced in the body metabolic transformation of the in-
secticide parathion), parathion and chlorpyrifos insecticides
and nerve gases such as sarin and soman. It shows lactonase
activity (like PON2 and PON3), i.e. the ability to cleave di-
hydrocoumarine, homocysteine thiolactone and other lactones.
A PONI1 strong effect is the inhibition of peroxidation of
LDL particles and hydrolytic cleavage of the oxidized form
of phospholipids, which significantly influences the develop-
ment of atherosclerosis and immunological reactions in the
body (5). The anti-atherogenic effect of PON1 is confirmed
by many epigenetic, genetic and biochemical studies with
transgenic and PONI - knockout mice. HDL particles of the
mice failed to prevent oxidative damage to LDL particles and
the formation of oxidized forms (oxLDL) (3 - 5).

The PON1 gene, located on the 7q21.3 locus (29 370 bp),
is dominantly expressed in human hepatocytes. In the coding
region of the PON1 gene two single nucleotide polymorphis-
ms (SNP) have been best described, namely the substitution
of leucine for methionine at codon 55 (55-Leu/Met (L/M))
and codon 192 glutamine substitution of arginine (192-Gln/
Arg (Q/R)) (6). By 192(Q/R) polymorphism, or linked to the
action to hydrolyze OP, Q and R-isoform of PONT1 is distin-
guished. R-isoform hydrolysed in vitro conditions paraoxon
(paraoxonase activity), diazoxon, soman and sarin much faster
than Q-isoform, while the ability to hydrolyze phenylacetate
(arylesterase activity) is not significantly different (7). Poly-
morphism 55(L/M) does not affect the interaction of PON1
as much as 192(Q/R) polymorphism. The 55(MM) isoform
is associated with a general reduction in paraoxonase serum
activity (including antioxidant ability) and a lower concentra-
tion of the enzyme (8). These results of studies are supported
by crystallographic analysis of 55(LL) isoforms, demonstrating
the crucial importance of the amino acid leucine in the pro-
cess of design of the PON1 enzyme in the tertiary structure.
PONI1 activity therefore significantly affects an individual
genotype for the polymorphism and in reducing activity in
the order of RR>QR>QQ at position 192 and LL>LM >MM
at position 55 in the polypeptide chain (9, 10).

There is a worldwide effort to define the general parameters
significantly correlated with rejection episodes grafts without the
use of EMB. Because of the recurrent finding of elevated markers
of oxidative stress in many patients after heart transplantation
and their involvement in the immune response during rejection,
they become a potential diagnostic target (11, 12).

Materials and methods

The study comprised 110 samples of blood collected in
standard EMB and control samplings in patients after HTx
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nych odberoch u pacientov po HTx z Oddelenia zlyhavania
a transplantacie srdca Narodného ustavu srdcovych a ciev-
nych choréb (NUSCH) v Bratislave. Studijnt skupinu tvorili
pacienti s réznym stupniom a poctom rejekcii vo veku 21
- 71 rokov.

DNA vsetkych ziskanych vzoriek bola izolovana z krvi
pomocou Qiagen Blood DNA mini kitu. Detekcia vybranych
PONT1 polymorfizmov bola realizovana pomocou PCR-RFLP
analyzy. Reak¢nd zmes PCR reakcie v celkovom objeme 25 pl
obsahovala 2,5 pl vyizolovanej DNA, 0,5 uM z kazdého prime-
ru (BioTez Berlin-Buch GmbH) a 12,5 ul GoTaq Green Master
Mixu (Promega) obsahujiceho 2x Green GoTaq Reaction
Buffer (pH 8,5), 400 uM z kazdého dXTP a 3 mM MgCL,.
Amplifikovany PCR produkt bol nésledne $tiepany restriké-
nymi endonukleazami AlwI a NlaIll (New England Biolabs).
Ziskané Stiepne fragmenty boli rozdelené elektroforézou
v agarozovom géli. Vizualizacia a urcenie velkosti §tiepnych
fragmentov sa uskuto¢nilo pomocou UV-transiluminatora
pouzitim 50 bp dizkového markera (tabulka 1).

Paraoxonazova aktivita bola stanovend spektrofotomet-
rickym monitorovanim hydrolyzy paraoxénu (O,0-dietyl
O-(4-nitrofenyl) fosfat), rozkladom ktorého vznika dietylfosfat
a p-nitrofenol, ktorého koncentraciu mozno spektrofotomet-
ricky stanovit pri 412 nm. Stanovovand bola stimulovana
a nestimulovand paraoxondzova aktivita pouzitim 1,0 mM

from the Departments of Failure and Cardiac Transplantation
of The National Institute of Cardiovascular Diseases (NUSCH)
in Bratislava. The study group consisted of patients with
varying degrees and numbers of rejection at the age from
21 to 71 years.

DNA of all the samples was isolated from blood using
the Qiagen Blood DNA mini kit. Detecting chosen PONI
polymorphisms was performed by PCR-RFLP analysis. PCR
reaction mixture in a total volume of 25pl contained 2.5pl of
extracted DNA, 0.5uM of each primers (BioTez Berlin-Buch
GmbH) and 12.5pl of GoTaq Green Master Mix (Promega)
containing 2x Green GoTaq Reaction Buffer (pH 8.5), 400uM
of each dXTP and 3mM MgCL,. The amplified PCR product
was then digested by restriction endonucleases AlwI and Nialll
(New England Biolabs). Obtained digested fragments were
separated in agarose gel by electrophoresis. Visualization and
size determination of digested fragments was performed by
using a UV-transilluminator using measures of length 50bp
marker (Table 1).

Paraoxonase activity was determined by spectrophotomet-
ric monitoring of the hydrolysis of paraoxon (O,0-diethyl
O- (4-nitrophenyl) phosphate) decay, from which diethyl
phosphate and p-nitrophenol originates: its concentration can
be determined spectrophotometrically at 412nm. Stimulated
and unstimulated paraoxonase activity was determined using

Tabulka 1 Protokol DNA analyzy
Table 1 DNA analysis protocol

Polymorfizmus (Polymorphism) Primery (Primers) PCR produkt (PCR product)
5-“CCTGCAATAATATGAAACAACCTG-3"
55(L/M) - - 138 bp
5“CTAGAACACAGAAAAGTGAAAGAAAAC-3
5“TATTGTTGCTGTGGGACCTGAG-3*
192(Q/R) ‘ - 99 bp
5“CACGCTAAACCCAAATACATCTC-3
PCR reakcia (reaction) Biometra UNOII Thermalcycler Cas (Time)
Inicidlna denaturicia (Initial denaturation) 96 °C 120 s
Denaturacia (Denaturation) 94 °C 60 s
Annealing + elongécia (Annealing + elongation) 58 °C 30 cycles 6 min
Kone¢na elongacia (Final elongation) 72°C 10 min
Polymorfizmus (Polymorphism) Restrikéna analyza (Restriction analysis) Enzym (Enzyme)
PCR produkt (PCR product) 12,5 ul
Pufor (Buffer) 1,2 ul
55(L/M) Restrikéna endonukledza (Restriction endonuclease) 0,4 pl Nla III
192(Q/R) Restrikéna endonukledza (Restriction endonuclease) 0,25 ul AlwI
Teplota (Temperature) 37°C
Cas (Time) 3h
Restrikéné fragmenty (Restriction fragments) | Nla I1I Fenotyp (Phenotype) Typ (Type)
138 bp LL Homozygot (Homozygote)
55(L/M) 69 + 69 bp MM Homozygot (Homozygote)
138 bp, 69 + 69 bp LM Heterozygot (Heterozygote)
Restrikéné fragmenty (Restriction fragments) | Alw I Fenotyp (Phenotype) Typ (Type)
99 bp QQ Homozygot (Homozygote)
192(Q/R) 63 + 36 bp RR Homozygot (Homozygote)
99 bp, 63 + 36 bp QR Heterozygot (Heterozygote)




roztoku paraoxénu (Sigma), v reakénej zmesi, ktoru tvorili
50 mM Tris roztok (pH 8,0; obsahujtici 1,0 mM roztok
CaCL.2H,0 pre nestimulovanu aktivitu a 1,0 mM roztok
CaCl,.2H,0 s 1,0 M roztokom NaCl pre stimulovanu aktivitu)
a 40-krat riedené krvné sérum (10).

Arylesterdzova aktivita bola stanovena spektrofotometric-
kym monitorovanim hydrolyzy fenylacetatu (C;H,0,), ktorého
$tiepenim vznika kyselina octova a fenol, ktorého pritomnost
sa spektrofotometricky stanovuje pri 270 nm. Arylesterazova
aktivita sa stanovovila pouzitim 50 mM roztoku fenylacetatu
(Sigma), v reak¢nej zmesi ako pri nestimulovanej paraoxo-
néazovej aktivite s tym rozdielom, Ze krvné sérum v reakénej
zmesi bolo 800-krat zriedené (10).

Paraoxondzovd a arylesterdzova aktivita enzymu PON1
bola stanovena z nameranych hodnét absorbancii zazna-
menanych v priebehu troch minuat a kalibracnej krivky
pre $tandardné roztoky p-nitrofenolu a fenolu. Okrem
uvedenych aktivit boli na Oddeleni klinickej biochémie
NUSCH stanovené aj parametre lipidového profilu — celkovy
cholesterol (CCH), triacylglyceroly (TAG) a koncentracia
HDL castic.

Hodnoty paraoxonazovej a arylesterdzovej aktivity enzymu
PONI1 boli nasledne porovnané u pacientov ,,bez rejekcie“a u
pacientov ,,s rejekciou®, a to vzhladom na zastupenie a vplyv
55(L/M) a 192(Q/R) DNA polymorfizmov PONI génu, ako
aj na jednotlivé parametre lipidového profilu.

Kontrolny stibor pre porovnanie aktivit PON1 pacientov
po HTx tvorili vzorky krvi od vybranych, relativne zdravych
jedincov bez transplanticie srdca priblizne rovnakého veku
(n = 40).

Vsetky vzorky boli na zaklade stupna celularnej a humoral-
nej rejekcie rozdelené na dve hlavné skupiny: bez pritomnosti
rejekcie - OR a AMRO (n = 31) a s pritomnou rejekciou - 1R,
2R, 3R a AMRI (n = 79). Podla vysledkov DNA analyzy boli
rozdelené dalej jednotlivé vzorky do troch podskupin - ,,silny
genotyp“ (polymorfizmy RR/LL, QR/LL), ,stredny genotyp*
(polymorfizmy QR/LM, QQ/LL, QQ/LM) a ,slaby genotyp*
(polymorfizmus QR/MM a QQ/MM) (tabulka 2).

Vysledky

Pri porovnani paraoxondzovej aktivity (stimulovana +
nestimulovana aktivita PON1) nebola pozorovana vyznamne
rozdielna aktivita enzymu PON1 vzhladom na pritomnost, ¢i
stupen rejekcie. U pacientov ,,bez rejekcie® bola sice priemerna
hodnota nestimulovanej aj stimulovanej PONT1 aktivity mier-
ne vyssia (tabulka 3), no vyznamny rozdiel nebol dokazany
(p > 0,05). Podobne, nebol preukdzany vyznamny rozdiel ani
pri porovnani arylesterazovej aktivity enzymu PONI1 u pa-
cientov bez a s rejekciou (tabulka 3). V rdamci porovnania
zastipenia uvedenych DNA polymorfizmov a hodnoét jednot-
livych parametrov lipidového profilu sa nezistili vyznamné
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1.0mM paraoxon solution (Sigma) in the reaction mixture,
which consisted of 50mM Tris solution (pH 8.0, containing
1.0omM CaCL.2H,O solution for unstimulated activity and
1.0mM solution CaCl,.2H,0 with 1.0M NaCl solution for
stimulated activity) and 40x diluted blood serum (10).

Arylesterase activity was determined by spectrophoto-
metric monitoring of hydrolysis of phenylacetate (C,H,0,)
after digesting of which acetic acid and phenol develop, the
presence of which was spectrophotometrically determined at
270nm. Arylesterase activity was determined using 50mM
sodium phenylacetate (Sigma) in the reaction mixture as in
unstimulated paraoxon activity, with exception that the blood
serum in the reaction mixture was diluted 800 times (10).

Paraoxonase and arylesterase PON1 enzyme activity was
determined from the measured values of the optical densi-
ties recorded within 3 minutes and the calibration curve for
standard solutions of p-nitrophenol and phenol. In addition
to these activities the parameters of lipid profile - total
cholesterol (CCH), triacylglycerols (TAG) and HDL particle
concentration were determined at The Department of Clinical
Biochemistry NUSCH.

Values of paraoxonase and arylesterase PON1 enzyme activity
were subsequently compared in patients “without rejection” and
patients “with rejection’, both with respect to representation and
influence of 55(L/M) and 192(Q/R) DNA polymorphisms of
PONI gene and the various parameters of lipid profile.

The control group for comparison PON1 activities of
patients after heart transplantation comprised blood samples
selected from relatively healthy individuals without heart
transplantation around the same age (n=40).

All samples were based on the degree of cellular and
humoral rejection divided into 2 main groups: in the ab-
sence of rejection - OR and AMRO (n=31) and with present
rejection - 1R, 2R, 3R and AMRI1 (n=79). According to the
results of DNA analysis the further particular samples were
divided into 3 subgroups - “strong genotype” (polymorphisms
RR/LL, QR/LL), ,mean genotype“ (polymorphisms QR/LM,
QQ/LL, QQ/LM) and “weak genotype” (polymorphism QR/
MM and QQ/MM) (Table 2).

Results

When compared paraoxonase activities (stimulated +
unstimulated PONT1 activity) a significantly different PON1 en-
zyme activity due to the presence or degree of rejection was not
observed. However, in patients with “no rejection” the average
value of unstimulated and stimulated PON1 activity was slightly
higher (Table 3), but a significant difference (p > 0.05) was not
proved. Similarly, no significant difference was demonstrated
in comparison with arylesterase PON1 enzyme activity in
patients with and without rejection (Table 3). The comparison
of the representation of provided DNA polymorphisms and
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Tabulka 2 Charakteristika sledovanych skupin ,,bez rejekcie“ a ,,s rejekciou

Table2 Characteristics of groups “without rejection” and “with rejection”

Parametre (Parameters) Bez rejekcie (without rejection) S rejekciou (with rejection) P
n 31 79
Priemerny vek (roky) (mean age in years) 46,93 49,94
Pohlavie (M/Z) [sex (M/F)] 28/3 67/12
Lipidovy profil (Lipid profile) (mmol/l)
Celkovy cholesterol (Total cholesterol) 4,76 + 0,86 4,62+1,21 p=0,62
Triacylglyceroly (Triacylglycerols) 1,84 + 0,55 2,19+0,38 p=0,13
HDL 1,33 £ 0,41 1,28 £0,72 p=0,56
Polymorfizmy (Polymorphisms) (%)
»silny genotyp* (“strong genotype”) 43,33 15,19
»stredny genotyp” (“middle genotype”) 50,00 82,28
»slaby genotyp“ (“weak genotype”) 6,67 2,53
PONI aktivita (PONI activity)
Arylesterazova aktivita (mKkat/l séra) (arylesterase activity) (mkat/1 of serum) 1,945 £ 0,68 2,021 + 0,67 p=0,61
Nestimulovana paraoxondzova aktivita (pkat/l séra) (non-stimulated paraoxonase
activity) (ukat/l ofl;:erum) e . ! brelE 142 1376+ 1,06 p=019
Stimulovana paraoxonazova aktivita(ukat/1 séra) (stimulated paraoxonase activity) 4075 £ 3,53 3.136 £ 2,30 p=0,19

(ukat/l of serum)

rozdiely u skupiny pacientov ,,bez rejekcie v porovnani so
skupinou s rejekciou (tabulka 3).

Enzymova aktivita PON1 sa hodnotila aj v rdmci jed-
notlivych podskupin vytvorenych na zdklade vysledkov
DNA analyzy - ,silny genotyp", ,stredny genotyp”“ a ,,slaby
genotyp*

Pri porovnani paraoxondzovej aktivity enzymu PON1
vzhladom na ,,silny“ geneticky potencial (polymorfizmy RR/
LL, QR/LL) neboli jednozna¢ne zaznamenané vyssie prie-
merné hodnoty nestimulovanej i stimulovanej PON1 aktivity
u polymorfizmu RR/LL. Uvedend skuto¢nost bola pozorovana
u pacientov po HTX, no i v rdmci vysledkov jednotlivych
ucastnikov kontrolného siiboru. Priemerné hodnoty paraoxo-
néazovej aktivity PON1 boli sice u pacientov po HTx vyssie,
no vysledok sa nejavi ako $tatisticky vyznamny (p > 0,05).

individual parameters of lipid profile significant differences
in “no rejection” patient populations compared to the group
“with rejection” was not revealed (Table 3).

PON1 enzyme activity was evaluated in the subgroup
generated by results of DNA analysis - “strong genotype”,
“mean genotype” and “weak genotype”.

When compared with paraoxonase PON1 enzyme activity
due to the “strong” genetic potential (polymorphisms RR/LL,
QR/LL) higher average unstimulated and stimulated PON1
activity polymorphism at RR/LL were not clearly recorded. This
fact has been observed in patients after heart transplantation, but
also from the results of individual participants’ control group. The
average values of paraoxonase PONI activity were admittedly
in patients after heart transplantation higher, but the outcome
does not appear to be statistically significant (p > 0.05).

Tabulka 3 ,,Silny genotyp“a PON1 aktivita - pacienti po HTx v porovnani s kontrolnym suborom (K)

Table 3 “Strong genotype” and PONI activity - patients after HTx and control group (C)

»Silny genotyp® (“Strong genotype”) HIx K(© HIx K©
RR/LL RR/LL P QR/LL QR/LL p

Pocet vzoriek (Number of samples) (n) 10 2 15 11
Paraoxonazova aktivita (pkat/1 séra) (Paraoxonase activity) (ukat/I of serum)

- stimulovana (stimulated) 3,144 3,087 p>0,05 1,943 1,330 p>0,05
SDPP + 1,396 + 0,667 +1,035 + 0,856

— nestimulovana (non-stimulated) 7,165 7,429 p>0,05 4,535 3,326 p>0,05
SDPP + 3,103 +1,708 + 2,846 +2,044
Arylesterazova aktivita (mkat/l séra) (Arylesterase activity) (mkat/l of serum)

1,706 1,760 p>0,05 2,032 1,881 p>0,05

SDPP + 0,636 +0,383 + 0,667 + 0,768




Vysledky arylesterdzovej aktivity nepreukazali ziadnu savis-
lost vzhladom na uvedené polymorfizmy. V skupine charakte-
rizovanej polymorfizmom RR/LL bola arylesterazova aktivita
dokonca vyssia ako v skupine s polymorfizmom QR/LL.

V ramci skupiny ,stredny genotyp“ charakterizovanej
polymorfizmami QR/LM, QQ/LL a QQ/LM ukazali vysledky
podobnu zavislost paraoxonazovej aktivity vzhladom na ge-
netické pozadie jednotlivych ucastnikov studie. Zaznamenany
bol obdobny pokles paraoxonazovej PON1 aktivity vzhladom
na klesajicu “silu genotypu” v poradi QR/LM > QQ/LL >
QQ/LM. Pri porovnani pacientov po HTx vzhladom na
kontrolny stbor boli vysledky pri polymorfizmoch QR/LL
a QQ/LM) statisticky vyznamné (p = 0,013, respektive p =
0,005 a p = 0,016, respektive p = 0,029) (tabulka 4).

Pri porovnani arylesterazovych aktivit enzymu PON1
opit nebola zaznamenana ziadna suvislost medzi aktivitou
samotného enzymu PON1 a jednotlivymi typmi DNA poly-
morfizmov (tabulka 4).

Co sa tyka skupiny ,,slaby genotyp, vzhladom na nizky pocet
vzoriek — pacientov po HTx (n = 5), respektive ucastnikov $tudie
v ramci kontrolného siboru (n = 9), nemohli byt tieto vysledky
relevantne spracované s vytvorenim adekvatneho zaveru.

Pri analyze vysledkov lipidového profilu sme hladali
zavislost medzi paraoxondzovou aktivitou enzymu PONI,
respektive stupniom rejekcie myokardialneho $tepu a jednot-
livymi parametrami lipidového profilu - CCH, TAG a HDL
cholesterol. V ramci uvedenych parametrov bola zazname-
nana priemerne stipajuca hodnota paraoxondzovej aktivity
enzymu PON1 vzhladom na rastdci trend koncentracie HDL
lipoproteinov v sére.

Pri analyze vysledkov paraoxonazovej aktivity enzymu PON1,
koncentracie HDL lipoproteinov a stupna rejekcie myokardialne-
ho stepu (OR = “0% 1R = “1” a 2R = “2”), nebola zaznamenana
evidentna korelacia zavislosti stupna rejekcie od paraoxonazovej
aktivity enzymu PON1, respektive koncentracie HDL castic v krvi
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The results of arylesterase activity did not show any
correlation with regard to the polymorphisms. In the group
characterized by polymorphisms RR/LL arylesterase activity
was even higher than in the group characterized by poly-
morphism QR/LL.

Within the group of “mean genotype” characterized by
polymorphisms QR/LM, QQ/LL and QQ/LM the results
showed similar dependence of paraoxonase activity due to
the genetic background of study participants. There has been
a similar decline of paraoxonase PONI1 activity due to decli-
ning “power of genotype” in order of QR/LM > QQ/LL > QQ/
LM. Comparing patients after HTx regarding the results of
a control group the results of polymorphisms in the QR/LL
and QQ/LM) were statistically significant (p = 0.013 or P =
0.005 and p = 0.016, respectively P = 0.029) (Table 4).

Comparing arylesterase PON1 enzyme activity no asso-
ciation between PON1 enzyme activity itself and the different
types of DNA polymorphisms was observed (Table 4).

Regarding the “weak genotype”, owing to the low number
of samples, heart transplantation patients (n=5) or study
participants in the control group (n=9), these results could
not be relevantly treated with the creation of an adequate
conclusion.

When analyzing the results of the lipid profile we were looking
for paraoxonase relationship between PON1 enzyme activities
or the degree of myocardial graft rejection and the various
parameters of lipid profile - CCH, TAG and HDL cholesterol.
Within the given parameters a slightly rising average value of
paraoxonase PON1 enzyme activity was observed due to the
growing trend of concentration in serum HDL lipoproteins.

When analyzing the results of paraoxonase PON1 enzyme
activity, concentrations of HDL lipoproteins and the degree of
myocardial graft rejection (OR = “0% 1R = “1” and 2R = “27),
an evident correlation depending on the degree of rejection
from paraoxonase PON1 enzyme activity or HDL particles

Tabulka 4 ,,Stredny genotyp“a PON1 aktivita - pacienti po HTx v porovnani s kontrolnym suborom (K)
Table4 “Middle genotype” and PONI activity - patients after HTx and control group (C)

HTx K () HTx K (C) HTx K ()
»Silny genotyp“ (“Middle genotype”)
QR/LM QR/LM P QQ/LL QQ/LL P QQ/LM QQ/LM p
Pocet vzoriek (Number) (n) 30 9 21 4 30 5
Paraoxonazova aktivita (ukat/l séra) (Paraoxonase activity) (ukat/l of serum)
- stimulovand (stimulated) 5,185 3,550 p=0,013 1,732 2,190 p>0,05 1,457 0,832 p=0,016
SDPP + 1,608 + 1,587 + 1,005 + 1,681 + 1,254 +0,194
- nestimulovana (non-stimulated) 2,318 1,462 p = 0,005 0,757 1,380 p>0,05 0,609 0,391 p=0,029
SDPP +0,771 +0,635 +0,433 + 1,556 + 0,446 + 0,095
Arylesterazova aktivita (mkat/l séra) (Arylesterase activity) (mkat/l of serum)
2,223 1,796 p>0,05 2,205 2,055 p>0,05 1,814 1,637 p>0,05
SDPP +0,582 +0,495 + 0,622 +0,110 +0,702 + 0,360
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pacientov po HTx. Co sa tyka dalsich parametrov lipidového
profilu, nebol zaznamenany vyznamny vztah ¢i uz so samotnou
rejekciou po HTX, alebo aktivitou enzymu PONI.

Diskusia a zaver

V potransplantacnom obdobi sa u mnohych pacientov
opakovane zistili zvy$ené markery oxida¢ného stresu a vyssie
hodnoty nielen celkového cholesterolu, triacylglycerolov, ale
aj LDL a VLDL lipoproteinov (13).

Antiaterogénny efekt enzymu PON1 by mohol byt
vyznamny vzhladom na zniZenie oxida¢ného poskodenia
LDL lipoproteinov s naslednym poklesom tvorby negativne
posobiacich lipoperoxidov.

Na zaklade vyssie uvedenych vysledkov mozno predpo-
kladat, ze aktivita PON1 nema patofyziologicka stvislost
s vyskytom, respektive zavaznostou rejekcie transplantované-
ho myokardialneho $tepu. Vyssia priemernd aktivita PON1
u pacientov ,,bez rejekcie® moze suvisiet s Castejsim vyskytom
»silného genotypu® (43 vs. 15 %) v tejto skupine.

Podobne autori Puk a Bocchi (13) vo svojej $tudii dospeli
k zaveru, Ze PON1 aktivita sa neodli$uje pri porovnani hodnét
u pacientov po transplantacii srdca a zdravych, normolipide-
mickych ludi. Limitdciou prace je iste aj velkost suboru s niz-
$im poctom vzoriek (31 : 79). Cielom do budtcnosti zostdva
nadalej hladat iny, vyznamne korelujiici parameter s epizddami
rejekeii, ¢o by viedlo k ich v¢asnejsej detekeii a mensiemu
vyskytu komplikdcii v suvislosti s realizaciou EMB.

Okrem samotnej rejekcie by bolo potrebné zamerat sa
i na vyskyt, respektive rozvoj korondrnej vaskulopatie, ktora
vo vyznamnej miere ohrozuje pacientov po HTx v stredno-
a dlhodobom horizonte.

Klinicky nalez na koronarnych artériach transplantované-
ho myokardidlneho $tepu, biochemické zmeny v lipidovych
parametroch a vplyv vybranych DNA polymorfizmov PON1
génu otvaraju moznost dal$ieho vedeckého badania u pacien-
tov ohrozenych vaskularnou chorobou $tepu (koronarnou
vaskulopatiou), preto budeme v budicom vyskume sledovat
vybrané DNA polymorfizmy s ciefom prispiet k objasneniu
tohto patofyziologického procesu.
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with the blood of patients after heart transplantation was not
recorded. As for the other parameters of lipids profile, there
was not a significant relationship either with self rejection
after heart transplantation or PON1 enzyme activity.

Conclusion and discussion

As has already been mentioned, in the post-transplant
period, many patients presented repeatedly increased markers
of oxidative stress and higher levels of both total cholesterol,
triacylglycerols, as well as LDL and VLDL lipoproteins (13).

Anti-atherogenic effect of PON1 enzyme could be important
in reducing oxidative damage to LDL lipoproteins with sub-
sequent decrease of negative operating lipoperoxides.

Based on the above results, it can be assumed that the
activity of PON1 has not any pathophysiological correlation
with the incidence or severity of myocardial rejection of the
transplanted graft. Higher mean PON1 activity in patients
“without rejection” may reflect a higher frequency of “strong
genotype” (43 vs. 15%) in this group.

Similarly, the authors Puk and Bocchi in their study con-
cluded that PON1 activity is not different when compared with
values in cardiac transplant patients and healthy, normolipidemic
people (14). A limitation of this work is certainly the file size
with fewer samples (31:79). The prospective is to hunt for another
significantly correlated parameter with episodes of rejection,
which would lead to the earlier detection and lower incidence
of complications in the implementation of the EMB.

In addition to the rejection it is necessary to focus also
on the incidence or development of coronary vasculopathy,
which significantly endangers patients after heart transplan-
tation in the medium and long term.

Clinical findings on coronary arteries of myocardial
transplanted graft, biochemical changes in lipid parameters
and the impact of selected DNA polymorphisms of PON1
gene open up the possibility of further scientific investigation
in patients at risk of graft vascular disease (coronary vascu-
lopathy): therefore, in the future research we will follow the
selected DNA polymorphisms in order to help clarify the
pathophysiological process.
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