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Streszczenie

Whprowadzenie: Nieplodno§¢ megska to narastajacy problem spoteczny na Swiecie

a jej mechanizmy molekularne nie zostaly w pelni poznane. Nadal brakuje nowego,
czutego biomarkera obnizonego potencjalu rozrodczego mezczyzn, ktory moglby
uzupehi¢ standardowa analiz¢ nasienia, co byloby szczegdlnie cenne w przypadkach
nieptodnosci idiopatycznej. Sktad proteomu plazmy nasienia, zaréwno ilo$ciowy
(stezenia  poszczegdlnych  bialek 1 glikoprotein), jak 1  jako$ciowy
(m. in. zmiany ekspresji glikanow glikoprotein) jest jednym z kluczowych czynnikéw
wptywajacych  na  dojrzewanie  plemnikow  oraz  proces  zaplodnienia
wewnatrzustrojowego. Wséroéd wielu przyczyn nieptodnosci meskiej szczegdlng uwage
zwraca si¢ roOwniez na zaburzenia réwnowagi oksydacyjno-oksydacyjnej, okreslane
mianem stresu oksydacyjnego (OS). Jednag z gtownych glikoprotein plazmy nasienia
jest klasteryna (CLU), pelnigca istotne funkcje w meskim uktadzie rozrodczym oraz
bedaca czutym biomarkerem OS. Zmiany stezenia i/lub profilu i stopnia glikozylacji CLU
mogg stac si¢ przyczynkiem do wzbogacenia procesu diagnostycznego zaburzen meskiej

ptodnosci.

Cel badan: Celem badan byto sprawdzenie zaleznosci miedzy stezeniem CLU, ekspresja
jej glikanow a wybranymi wskaznikami OS: TAS (ang. total antioxidant status), FRAP
(ang. ferric reducing antioxidant power), stezeniami sirtuiny 3 oraz 5 (SIRT3
oraz SIRT5), w plazmach nasienia oraz surowicach nieptodnych me¢zczyzn. Ponadto
sprawdzono, czy istnieja zaleznoSci miedzy stezeniami wybranych parametrow
biochemicznych plazmy nasienia, zwigzanych ze statusem oksydacyjno-redukcyjnym,
a stezeniami zaawansowanych produktow utleniania biatek - AOPP (ang. advanced
oxidation protein products). Dodatkowym aspektem bylo zaproponowanie zestawow
parametréw, zaroOwno plazmy nasienia jak 1 surowiczych, mogacych sta¢ si¢
dodatkowymi  biomarkerami, réznicujacymi  grupy  nieplodnych  pacjentow
z zaburzeniami dotyczacymi liczby, ruchliwosci oraz morfologii plemnikow. Celem
przeprowadzonych badan byto takze pordwnanie dwoch pltynéw ustrojowych, plazmy
nasienia i surowicy, pod katem zawartosci w nich wybranych do oznaczen parametrow,
z rownoczesng analiza ich potencjalnego zastosowania w diagnostyce meskiej

nieplodnosci.
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Material i metody: Materiatem badanym byly 132 plazmy nasienia oraz 91 surowic

krwi, pochodzace od nieptodnych pacjentéw, ktore na podstawie wynikoéw standardowe;j
oceny nasienia podzielono na grupy: teratozoospermiczng (T),
astenoteratozoospermiczng (AT), oligoastenoteratozoospermiczng (OAT),
oraz normozoospermiczng (N). Stezenia CLU oznaczono metoda ELISA. Ekspresje
fukozy sprawdzono za pomoca zmodyfikowanego testu lektyno-ELISA
z wykorzystaniem biotynylowanych lektyn specyficznych wobec fukozy (Lotus
tetragonolobus agglutinin - LTA, Ulex europaeus agglutin - UEA, Lens culinaris
agglutinin - LCA). Ekspresj¢ struktur oligosacharydowych typu Lewis sprawdzono
oznaczajac stezenia fukozylotransfeazy 3 i 4 metodg ELISA. Ekspresje kwasu sjalowego
sprawdzono z uzyciem zmodyfikowanego testu lektyno-ELISA z uzyciem specyficznych
biotynylowanych lektyn (Sambucus nigra agglutinin - SNA, Maackia amurensis
agglutinin - MAA). Ste¢zenia SIRT3 oraz SIRT5 oznaczono metodg ELISA. Ste¢zenia
TAS, FRAP, AOPP, zelaza, kwasu moczowego, wapnia oraz magnezu oznaczono metoda
kolorymetryczng. Analize statystyczng wykonano z wykorzystaniem oprogramowania

Statistica 13.3 PL, za istotne uznajac wyniki, dla ktorych wskaznik istotnosci p<0,05.

Wyniki: Stezenia CLU w plazmach nasienia pacjentow z grupy OAT byty istotnie
wyzsze w poréwnaniu do pozostatych grup nieptodnych me¢zczyzn. Surowicze stezenia
CLU byty natomiast istotnie nizsze w grupie OAT w poréwnaniu z pozostatymi grupami
badanymi. Stezenia FUT3 w plazmach nasienia byly istotnie wyzsze w grupie T
w porownaniu do grup N oraz AT, a takze istotnie wyzsze w grupie OAT w porOwnaniu
z grupami AT oraz N. Stezenia FUT4 w plazmach nasienia byly istotnic wyzsze
u nieptodnych mezczyzn norozoospermicznych w porownaniu z pacjentami z grupy T
oraz istotnie wyzsze w grupie AT w poréwnaniu z grupa T. Wzgledne reaktywnosci
glikanow CLU obecnej w surowicach z fukozospecyficzng lektyng UEA byly istotnie
wyzsze w grupie N w poréwnaniu z pozostatymi grupami badanymi. Podobnie, wzgledne
reaktywnosci glikanow CLU obecnej w surowicach z lektyng specyficzng wobec fukozy
rdzeniowej - LCA, byly istotnie wyzsze w grupie N w poréwnaniu z pozostalymi grupami
pacjentow. Ponadto warto$¢ tego parametru byla istotnie wyzsza w grupie T
w poréwnaniu z grupami OAT oraz AT. Analiza krzywych ROC oraz analiza skupien
umozliwity zaproponowanie panelu parametrow, przydatnych w réznicowaniu pacjentow

z zaburzeniami dotyczacymi plemnikow. W plazmach nasienia byly to: stezenia CLU,
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FUT3 i FUT4, natomiast w surowicach: stgzenia CLU i FUT4 oraz wzglgdne
reaktywnos$ci glikanow CLU z fukozospecyficznymi lektynami UEA oraz LCA.
Wzgledne reaktywnosci glikanow CLU plazmy nasienia ze sjalospecyficzng lektyng
MAA byty istotnie nizsze w grupie OAT w porownaniu do pozostatych grup pacjentow,
natomiast ekspresja kwasu sjalowego SNA-reaktywnego na glikanach surowiczej CLU
bylta istotnie wyzsza w grupie OAT w pordwnaniu do pozostatych grup badanych.
Stezenia SIRT3 w plazmach nasienia byly istotnie wyzsze w grupie N w poréwnaniu
do grup T oraz OAT, a takze stezenia tej sirtuiny byly istotnic wyzsze w grupie AT
w poréwnaniu z grupami T oraz OAT. Stezenia surowiczej SIRT3 byly istotnie nizsze
w grupie N w porownaniu z grupami AT oraz OAT. Stezenia SIRTS w plazmach nasienia
byty istotnie nizsze w grupie OAT w poréwnaniu do pozostalych grup pacjentdow.
Stezenia FRAP w surowicach pacjentéw z grupy N byly istotnie wyzsze niz w grupie AT.
Na podstawie analizy krzywych ROC oraz analizy skupien zaproponowano panel
parametréw pozwalajacych na réoznicowanie grupy OAT od pozostatych grup badanych,
ktorymi s3: wzgledne reaktywnosci glikanow CLU plazmy nasienia ze sjalospecyficzna
lektyng MAA, warto$¢ wspotczynnika sjalilacji MAA/SNA, stezenia SIRT3, SIRTS
oraz FRAP. Analiza krzywych ROC oraz analiza skupien umozliwity zaproponowanie
zestawu surowiczych parametrow, przydatnych w réznicowaniu nieptodnych
normozoospermicznych mezczyzn od pacjentdéw z nieprawidlowosciami dotyczacymi
plemnikow. Byly to: wzgledne reaktywnosci glikandbw surowiczej CLU
ze sjalospecyficznymi lektynami SNA i MAA oraz stezenia SIRT3 i FRAP. Ste¢zenia
AOPP w plazmach nasienia pacjentow z grupy N byly istotnie wyzsze w poréwnaniu
z grupami AT oraz OAT, a takze stezenia tego parametru byly istotnie wyzsze w grupie
T w poréwnaniu do grup AT oraz OAT. Stezenia biatka catkowitego w plazmach nasienia
byly istotnie nizsze w grupie T w poréwnaniu do grup AT oraz OAT, natomiast stezenia
zelaza w plazmach nasienia byly istotnie nizsze w grupie OAT w poréwnaniu do grup T
oraz N. Analiza krzywych ROC wykazala, ze oznaczenie stezeh AOPP w plazmach
nasienia moze stanowi¢ dodatkowy parametr rdznicujacy  nieptodnych
normozoospermicznych mezczyzn od pacjentow z zaburzeniami dotyczacymi
ruchliwosci oraz budowy plemnikow, a takze moze stanowi¢ obiecujacy parametr
réznicujacy mezczyzn z zaburzeniami zwigzanymi z ruchliwoscig plemnikéw od tych

Z innymi typami zaburzen dotyczacych plemnikow.
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Whioski: Wyniki przeprowadzonych badan w znaczacy sposob przyczynily si¢
do poglebienia wiedzy na temat glikozylacji klasteryny obecnej w plazmach nasienia
oraz surowicach mezczyzn z nieprawidtowosciami dotyczacymi plemnikoéw. Roznice
obserwowane w ekspresji lub stezeniach analizowanych parametrow sugeruja,
ze zaburzenia liczby, ruchliwosci oraz morfologii plemnikéw nie sg jedyna przyczyna
nieptodnosci meskiej. Zmiany stezen klasteryny oraz fukozylotransferaz 3 i 4 w plazmach
nasienia mogg mie¢ zwigzek z obnizong liczbg plemnikow w nasieniu. Roznice
w stezeniach surowiczej CLU, ekspresji fukozy rdzeniowej oraz fukozy przytgczonej
wigzaniem al,2 do galaktozy anten cukrowych glikanow CLU moga stanowi¢ dodatkowe
markery réznicujagce normozoospermicznych nieptodnych mezczyzn od pacjentdw
Z nieprawidtowg liczba, ruchliwoscia oraz morfologia plemnikéw. Wzgledna
reaktywnos$¢ glikanéw surowiczej klasteryny z SNA moze stanowi¢ dodatkowy
biomarker nieptodno$ci meskiej, roznicujacy z duza czuloScia oraz swoistoscig
nieptodnych normozoospermicznych pacjentow od mezczyzn z nieprawidlowymi
wynikami badania nasienia. Stezenia AOPP oznaczane w plazmach nasienia moga
stanowi¢ obiecujacy parametr rdznicujacy mezczyzn z zaburzeniami zwigzanymi
z ruchliwo$cig plemnikow od tych z innymi nieprawidtowosciami dotyczacymi
plemnikoéw, natomiast zmiany stezenia biatka catkowitego w tym materiale biologicznym
moga mie¢ zwigzek z zaburzeniami budowy plemnikow. Ponadto obnizone stezenia
zelaza w plazmach nasienia korelowaty dodatnio ze zmniejszong liczbg plemnikow.
W przysztoSci poszerzenie spektrum badan 0 grupe normozoospermiczng mezczyzn
0 udowodnionej ptodno$ci da szanse na wytypowanie biomarkeréw charakterystycznych

dla meskiej nieptodnosci idiopatycznej.
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Summary

Introduction: Male infertility is a growing problem around the world
and the mechanisms of its development are not completely known yet. The early
and sensitive biomarker of decreased male reproductive potential that could support
the standard semen analysis, which would particularly be valuable in cases of idiopathic
infertility, is still missing. The composition of seminal plasma proteome, the quantative
(proteins and glycoproteins concentrations) as well as qualitative (e.g. the changes
in expression of glycoproteins glycans) is one of the key factor affecting spermatozoa
maturation as well as intrauterine fertilization process. Among many male infertility
reasons, special attention is paid also to oxidant-antioxidant imbalance, caused
by oxidative stress (OS). One of the main seminal plasma glycoproteins is clusterin
(CLU), playing important functions in the male reproductive tract, also known
as sensitive OS biomarker. Changes in the concentration and/or profile and degree
of CLU glycosylation may reach the diagnostic process of male fertility disorders.

Aim of the study: The aim of the study was to check if there are relationships between

CLU concentration, its glycans’ expression, and selected OS parameters: TAS (total
antioxidant status), FRAP (ferric reducing antioxidant power), sirtuin 3 and 5
concentrations (SIRT3 and SIRTS5, respectively) in seminal plasmas and sera of infertile
men. Moreover, the correaltions between concentrations of selected seminal plasma
biochemical parameters associated with redox status and advanced oxidation protein
products (AOPP) were also checked. Another aspect of the study was to select
a set of seminal plasma and serum parameters which may become an additional
biomarkers differentiating groups of infertile men with disorders in sperm count, motility
and morphology. The aim of the study was also to compare two body fluids, seminal
plasma and serum, in terms of the content of parameters selected for determination,

with the simultaneous analysis of their potential use in the diagnostics of male infertility.

Materials and methods: The study material consisted of 132 seminal plasmas and 91

blood sera from infertile patients which were divided into groups on the basis
of the results of standard semen analysis: teratozoospermic (T), asthenoteratozoospermic
(AT), oligoasthernoteratozoospermic (OAT) and normozoospermic (N). CLU

concentrations were determined using ELISA method. Fucose expression was checked

6
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in the modified lectin-ELISA test with biotinylated lectins specific to fucose (Lotus
tetragonolobus agglutinin - LTA, Ulex europaeus agglutin - UEA, Lens culinaris
agglutinin - LCA). The expression of Lewis oligosaccharide structures was checked
by determining of fucosyltransferases 3 and 4 concentrations (FUT3 and FUT4,
respectively) by ELISA test. Sialic acid expression was checked in the modified lectin-
ELISA test with biotinylated lectins specific to sialic acid (Sambucus nigra agglutinin -
SNA, Maackia amurensis agglutinin - MAA). The concentrations of SIRT3 and SIRT5
were determined using ELISA method. The concentrations of TAS, FRAP, AOPP, iron,
uric acid, calcium and magnesium were determined using colorimetric methods.
Statistical analysis of the obtained results was carried out using the Statistica 13.3 PL
software, as significant considering the results for which the p values were lower than
0.05.

Results: Seminal plasma CLU concentrations were significantly higher in the OAT group
in comparison to the other examined groups of infertile men. Serum CLU concentrations
were significantly lower in the OAT group in comparison to the other examined groups.
Seminal plasma FUT3 concentrations were significantly higher in the T group
in comparison to the N and AT as well as these concentrations were significantly higher
inthe OAT group in comparison to the AT and N group. Seminal plasma FUT4
concentrations were significantly higher in the infertile N group in comparison to the T
group and significantly higher in the AT group in comparison to the T group. Relative
reactivities of serum CLU glycans with fucose-specific lectin UEA were significantly
higher in the N group in comparison to the other examined groups. Relative reactivities
of serum CLU glycans with core fucose-specific lectin LCA were also significantly
higher in the N group in comparison to the other examined groups. Moreover,
this parameter was significantly higher in the T group in comparison to the OAT and AT
group. ROC curve analysis as well as cluster analysis enabled the selection the panel
of parameters, useful in the differentiation the groups of patients with sperm cells
disorders. For seminal plasma there were: concentrations of CLU, FUT3 and FUT4,
whereas for serum there were: concentrations of CLU and FUT4, relative reactivities
of CLU glycans with UEA and LCA. The relative reactivities of seminal plasma CLU
glycans with sialic acid specific lectin MAA were significantly lower in the OAT group

in comparison to the other examined groups, whereas the relative reactivities of serum
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CLU glycans with sialic acid specific lectin SNA were significantly higher in the OAT
group in comparison to the other examined groups. Seminal plasma SIRT3 concentrations
were significantly higher in the N group in comparison to the T and OAT groups as well
as the concentrations of SIRT3 in seminal plasmas were significantly higher in the AT
group in comparison to the T and OAT groups. Serum SIRT3 concentrations were
significantly lower in the N group in comparison to the AT and OAT groups. Seminal
plasma SIRT5 concentrations were significantly lower in the OAT group in comparison
to the other examined groups. Serum FRAP concentrations inthe N group were
significantly higher in comparison to the AT group. Based on the ROC curve analysis
as well as cluster analysis, the panel of following seminal plasma parameters enabling
the differentiation of OAT group from other analyzed groups was proposed: relative
reactivities of CLU glycans with sialic acid specific lectin MAA, sialylation ratio, SIRT3,
SIRT5 and FRAP concentrations. ROC curve analysis and cluster analysis enabled
the selection of panel of serum parameters useful in the differentiation of infertile
normozoospermic men from patients with abnormalities in the results of standard semen
analysis. There were: relative reactivities of serum CLU glycans with sialic acid specific
lectins SNA and MAA, SIRT3 and FRAP concentrations. Seminal plasma AOPP
concentrations in the N group were significantly higher in comparison to the AT and OAT
groups as well as the AOPP concentrations were significantly higher in the T group
in comparison to the AT and OAT groups. Seminal plasma total protein concentrations
were significantly lower in the T group in comparison the AT and OAT groups, while
iron concentrations were significantly lower in the OAT group in comparison to the T
and N groups. The ROC curve analysis showed that the determination of AOPP
concentrations in seminal plasmas may constitute an additional parameter differentiating
infertile normozoospermic men from patients with sperm motility and morphology
disorders, and may also be a promising parameter differentiating men with sperm motility

disorders from those with other types of disorders regarding sperm.

Conclusions: The results of conducted studies considerably contributed to the extending
the knowledge concerning the glycosylation of clusterin present in seminal plasmas
and sera of infertile men with sperm abnormalities. The differences observed
in the expression or concentrations of analyzed parameters suggest that sperm count,

motility and morphology disorders are not the only cause of male infertility.
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The differences in the seminal plasma CLU, FUT3 and FUT4 concentrations
may be associated with the lowered sperm count. The differences in the serum CLU
concentrations, the expression of core fucose and this linked via al,2-glycosidic bound
to antennary galactose of CLU glycans may constitute additional markers differentiating
the normozoospermic infertile men from patients with abnormal sperm count, motility
and morphology. Relative reactivities of serum CLU glycans with SNA may be used
as an additional male infertility biomarker, differentiating infertile normozoospermic
patients from men with sperm abnormalities with a high sensitivity and specificity. AOPP
concentrations determined in seminal plasmas may be a promising parameter
differentiating men with sperm motility disorders from those with other sperm
abnormalities, while changes in total protein concentrations in this biological fluid
may be related to sperm morphology disorders. In addition, decreased seminal plasma
iron concentrations correlated positively with reduced sperm count. Expanding
the spectrum of research with a normozoospermic group of men with proven fertility

in the future will give a chance to select biomarkers related to idiopathic male infertility.



