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STRESZCZENIE

Skuteczne leczenie choréb nowotworowych stanowi wazny problem kliniczny o
duzym znaczeniu spotecznym. Rak jelita grubego (CRC) jest coraz cze$ciej spotykanym
nowotworem zlosliwym przewodu pokarmowego. Spos$réd rozpoznawanych
nowotworéw ztosliwych, pod wzgledem Smiertelnosci zajmuje drugie miejsce po raku
sutka u kobiet i ptuc u mezczyzn. Dotyczy nie tylko oséb starszych, nierzadko
diagnozowany jest takze u os6b mtodych z wieloletnim wywiadem w kierunku
obecnosci standw przednowotworowych. Okoto 10% przypadkéw CRC rozwija sie z
powodu zespotéw dziedzicznych, takich jak rodzinna polipowato$¢ gruczolakowata i
zesp6t Lyncha. Wieksze ryzyko zachorowania na CRC obserwuje sie réwniez u
pacjentow z nieswoistymi zapaleniami jelit, takimi jak wrzodziejace zapalenie jelita
grubego i choroba Lesniowskiego-Crohna. Dodatkowo na progresje CRC moze
wptywaé mikrobiota jelita grubego, ktéra jest znacznie zmieniona u chorych na raka w
porownaniu z osobami zdrowymi. Uwaza sie, ze zmiany w mikrobiocie odgrywaja
wazng role nie tylko w utrzymaniu homeostazy i integralnoSci jelit, ale takze w
modulacji reakcji zapalnych. Cytotoksyczne szczepy E. coli s3 nadreprezentowane u
pacjentéow cierpigcych na CRC. Sktad i aktywno$¢ enzymatyczna mikrobioty jelita
grubego moze w istotny sposéb wptywa¢ na skuteczno$¢ chemioterapii. Z drugiej
strony, leki chemioterapeutyczne moga wpltywac¢ na mikrobiote jelitowa. Irynotekan jest
szeroko stosowanym chemioterapeutykiem w leczeniu raka jelita grubego. Jednak jego
rozktad w jelitach z powrotem do aktywnej formy leku przez bakteryjna
B-glukuronidaze (GUS) stanowi gtdwng przyczyne obserwowanej toksycznosci jelitowej
irynotekanu. Leczenie wspomagajace majace na celu ztagodzenie niepozadanych
objawow jest zatem réwnie wazne jak sama chemioterapia. Celem projektu byta ocena
interakcji genotoksycznych szczepéw E. coli z nabtonkiem jelita grubego i wptywu
pektyn na aktywno$¢ przeciwnowotworows irynotekanu.

Pektyny to heterogeniczna rodzina polisacharydéw, stanowigca okoto 35-50 %
suchej masy $cian komorek roslin wyzszych dwuliSciennych i jednoliSciennych. W
diecie cztowieka pektyny stanowig gtéwny sktadnik btonnika pokarmowego - tzw.
btonnik rozpuszczalny o bardzo rdéznorodnej aktywnos$ci biologicznej. Cechuja sie
zdolnos$cia do obnizania poziomu lipidéw, cholesterolu i glukozy w surowicy krwi.
Pektyny petnig réwniez funkcje czynnikow immunomodulujacych. Udowodniony zostat
takze korzystny wptyw obecnosci pektyn w diecie na mikroflore przewodu
pokarmowego, jak rowniez ich wtasciwos$ci antykancerogenne. Charakteryzuja sie duza
zdolnoscig adhezji do btony $Sluzowej jelita, tworzac w ten sposéb bariere ochronng
przed kolonizacjg przez oportunistyczng mikroflore. Prawie 90% pektyny podanej
doustnie dociera do okreznicy. Pektyna w $wietle jelita tworzy sprzyjajace Srodowisko
dla prawidtowego mikrobiomu i stanowi wazne Zrodto jego sktadnikéw odzywczych.



Przemystowo pektyny ekstrahuje sie z macierzy roslinnej poprzez wymywanie
stabymi kwasami mineralnymi w wysokiej temperaturze. Taka procedura powoduje
jednak, ze rozgatezione struktury pektyn, takie jak ramnogalakturonian 1 czy
ramnogalakturonian II w znacznej cze$ci ulegaja zniszczeniu. Uwaza sie, ze to wtasnie te
regiony s3 kluczowe dla prebiotycznych, immunomodulacyjnych i
przeciwnowotworowych wtasciwosci pektyn.

Pektyny badane w niniejszym projekcie zostaty enzymatycznie wyekstrahowane
z wyttokdw jabtkowych przy uzyciu endo- celulazy i endoksylanazy syntetyzowanych
przez workowce z gatunku Trichoderma viride. Oba enzymy z duza selektywno$cia
hydrolizujg wigzania (3-1,4 glikozydowe odpowiednio w tancuchach celulozy i ksylanu
dlatego mogg wspotdziata¢ w uwalnianiu pektyny ze Scian komérkowych. Dzieki ich
uzyciu solo i w kooperacji otrzymano trzy unikalne preparaty pektyn jabtkowych
nazwane PC, PX i PCX. Wtasciwo$ci przeciwnowotworowe pektyn jabtkowych badano w
panelu linii komérkowych raka okreznicy (HCT116, Caco-2 i HT-29). Nowotwory jelita
grubego s3 molekularnie niejednorodne i mozna je podzieli¢ na Klinicznie istotne
podtypy zwigzane z rokowaniem pacjenta i odpowiedzig na leczenie. HT-29, HCT116 i
Caco-2 to modelowe linie komérkowe raka okreznicy powszechnie stosowane w
badaniach. Rdznig sie pochodzeniem ptciowym i statusem mutacji. Toksycznos$¢
badanych pektyn zostata réwniez oceniona wobec komorek nienowotworowych linii
FHC (ludzki nabtonek okreznicy ptodu).

Dowiedziono, ze nowe, enzymatycznie wyekstrahowane pektyny jabtkowe moga
by¢ obiecujacymi kandydatami jako uzupeinienie terapii irynotekanem. Uzyskane
pektyny same w sobie zmniejszaty zywotnos$¢ komdrek raka jelita grubego, indukowaty
apoptoze i zwiekszaty wewngatrzkomdérkowa produkcje reaktywnych form tlenu.
Ponadto nasilaty cytotoksyczne i proapoptotyczne dziatanie irynotekanu. Wyniki badan
pozwolity na stwierdzenie, Ze w molekularnym mechanizmie dziatania
przeciwzapalnego i przeciwnowotworowego wyizolowanych pektyn jabtkowych biora
udziat zaréwno: Gal-3 jak i TLRA4.

Ponadto pektyny inhibitowaty aktywnos$¢ B-glukuronidazy wytwarzanej przez szczepy
E. coli-komensalnej mikroflory jelitowej. Dodatkowo badane pektyny hamowaly i
ograniczaty adhezje inwazyjnego szczepu E. coli (AIEC) LF82 oraz szczepu
laboratoryjnego K-12C600 do komorek raka jelita grubego.

Stwierdzono, Ze stosunkowo niska masa czgsteczkowa pektyny PCX (pektyna izolowana
przez wspoétdziatanie endo-celulazy i endoxylanazy) wraz ze stosunkowo wysokim
udziatem region6éw RG I nadaje tej pektynie lepsze wtasciwo$ci przeciwnowotworowe.

Podsumowujac, nowe enzymatycznie otrzymane pektyny jabtkowe zostaty
zidentyfikowane jako pektyny o potencjale adiuwantéw terapii irynotekanem oraz
mogace dodatkowo ztagodzi¢ jego efekty uboczne poprzez hamowanie bakteryjnej GUS
i w ten sposob zwiekszy¢ skutecznos¢ terapeutycznag tego leku.



SUMMARY

The effective treatment of cancer is an important clinical problem of great
societal importance. Colorectal cancer (CRC) is an increasingly common malignancy of
the gastrointestinal tract. Among diagnosed malignancies, it ranks second in terms of
mortality after breast cancer in women and lung cancer in men. It affects not only the
elderly. It is also not uncommon to diagnose CRC in young people with a long history of
pre-malignant conditions. About 10 per cent of CRC cases develop due to hereditary
syndromes such as familial adenomatous polyposis and Lynch syndrome. Patients with
inflammatory bowel disease, such as ulcerative colitis and Crohn's disease, are also at
higher risk of developing CRC. In addition, CRC progression may be influenced by the
gut microbiota, which is significantly altered in cancer patients compared to healthy
individuals. Changes in the microbiota are thought to play an important role not only in
maintaining intestinal homeostasis and integrity, but also in modulating inflammatory
responses. Cytotoxic E. coli strains are overrepresented in CRC patients. The
composition and enzymatic activity of the gut microbiota can significantly influence the
efficacy of chemotherapy. On the other hand, chemotherapeutic drugs can affect the
gut microbiota. Irinotecan is a widely used chemotherapeutic agent for the treatment
of colorectal cancer. However, its degradation in the gut back to the active form of the
drug by bacterial B-glucuronidase (GUS) is the main reason for the observed intestinal
toxicity of irinotecan. Supportive treatment to alleviate adverse effects is therefore as
important as chemotherapy itself. The aim of this project was to evaluate the
interaction of genotoxic E. coli strains with the colonic epithelium and the effect of
pectins on the antitumor activity of irinotecan.

Pectins are a complex, heterogeneous family of polysaccharides, constituting
about 35 % of the dry weight of the cell walls of higher dicotyledonous and
monocotyledonous plants. They are the main component of dietary fiber. When
consumed with the diet, they exhibit a wide variety of biological activities. They have
the ability to lower serum lipid, cholesterol and glucose levels. Pectins also act as
immunomodulating agents. The beneficial effect of the presence of pectins in the diet
on the microflora of the gastrointestinal tract, as well as their proapoptotic and
anticancerogenic properties, has also been demonstrated. They are characterized by
high adhesion to the intestinal mucosa, thus forming a protective barrier against
colonisation by opportunistic microflora. Almost 90% of orally administered pectin
reaches the distal portion of the colon. Pectins create a favourable environment for a
healthy microbiome and provide a source of nutrients for the bacteria inhabiting the
colon.



Industrially, pectins are extracted from the plant matrix by treatment in a high
temperature and acidic environment. Such a procedure causes many of the branched
structures of rhamnogalacturonan I or rhamnogalacturonan Il formed by the sugars to
then be destroyed. It is believed that it is these regions that are crucial for the
prebiotic, immunomodulatory and anticancer properties of pectins.

The pectins studied in this project were enzymatically extracted from apple
pomace using endocellulase and endoxylanase from the filamentous fungus
Trichoderma viride. Both enzymes cleave (3-1,4 glycosidic bonds in the cellulose and
xylan chains, respectively. Both enzymes cooperate in the release of pectin from cell
walls. Three unique preparations of apple pectin were obtained (PC, PX, PCX). The
anticancer properties of apple pectins were tested in a panel of colon cancer cell lines
(HCT116, Caco-2 and HT-29). Colorectal cancers are molecularly heterogeneous and
can be divided into clinically relevant subtypes related to patient prognosis and
response to treatment. HT-29, HCT116 and Caco-2 are model colon cancer cell lines
commonly used in research. They differ in gender origin and mutation status. The
toxicity of the tested pectins was also evaluated against non-cancerous cells, FHC cells
(human fetal colonic epithelium).

It was demonstrated that the new enzymatically extracted apple pectins could
be promising candidates as an adjunct to irinotecan therapy. The obtained pectins
themselves reduced the viability of colon cancer cells, induced apoptosis and increased
intracellular production of reactive oxygen species. They enhanced the cytotoxic and
proapoptotic effects of irinotecan. The results concluded that the molecular mechanism
of the anti-inflammatory and anticancer effects of the isolated apple pectins involves
both: Gal-3 and TLR4.

Furthermore, the pectin responsible for changes in 3-glucuronidase activity was
identified, as well as changes in B-glucuronidase activity produced by strains of E. coli,
the commensal intestinal microflora. In addition, the pectins tested inhibited the
adhesion of the invasive E. coli (AIEC) strain LF82 and the laboratory strain K-12C600
to colon cancer cells.

It was found that the relatively low molecular weight of PCX pectin (pectin isolated by
both endo-cellulase and endoxylanase), together with the relatively high proportion of
RG I regions, gave this pectin superior anticancer properties.

In conclusion, novel enzymatically obtained apple pectins have been identified
as pectins with potential as adjuvants to irinotecan therapy and with the potential to
further alleviate its side effects by inhibiting bacterial (-glucuronidase and thus
enhance the therapeutic efficacy of this drug.



WSTEP

Rak jelita grubego (colorectal cancer — CRC) zajmuje trzecie miejsce wsrod
najczes$ciej wystepujacych nowotwordw na $wiecie. Jak podaje International Agency for
Cancer Research of the World Health Organization (WHO) w 2020 roku rozpoznano
ponad 1,9 mln nowych przypadkéw CRC i odnotowano ponad 900 000 zgonéw [1]. W
zdecydowanej wiekszosci CRC wystepuje jako choroba sporadyczna, rozpoznawana
gtobwnie u pacjentow po 50. roku zycia i zwykle zwigzana z czynnikami
Srodowiskowymi, takimi jak dieta typu zachodniego bogata w czerwone mieso, ttuszcze
i cukry. Okoto 10% przypadkéw CRC rozwija sie z powodu zespotdw dziedzicznych,
takich jak rodzinna polipowato$¢ gruczolakowata i zesp6t Lyncha [2]. Wieksze ryzyko
zachorowania na CRC obserwuje sie rowniez u pacjentow z nieswoistymi zapaleniami
jelit, takimi jak wrzodziejace zapalenie jelita grubego i choroba Le$niowskiego-Crohna.
Miejscowy stan zapalny moze modulowaé¢ patogeneze CRC, gtéwnie poprzez ztozong
sie¢ mediatoréw stanu zapalnego ekspresjonowanych zaréwno przez same komoérki
nowotworowe, jak i przez rdézne typy komodrek tworzacych mikrosrodowisko guza
[3,4].

Dodatkowo na progresje CRC moze wptywac¢ mikrobiota jelita grubego, ktora
jest znacznie zmieniona u chorych na raka w poréwnaniu z osobami zdrowymi. Uwaza
sie, Zze zmiany w mikrobiocie odgrywaja wazng role nie tylko w utrzymaniu homeostazy
i integralnosci jelit, ale takze w modulacji reakcji zapalnych poprzez interakcje m. in. z
receptorami TLR (ang. toll-like receptors) i receptorami domenowymi oligomeryzacji
nukleotydéw. Cytotoksyczne szczepy E. coli sg nadreprezentowane u pacjentow
cierpigcych na CRC [5,6,7]. Wykazano réwniez, ze mikrobiota moduluje odpowiedz
komoérek nowotworowych na chemioterapie. Ponadto bierze udziat w metabolizmie
cytostatykow, czego przyktad stanowi przemiana irynotekanu [8].

Irynotekan (CPT-11) jest szeroko stosowanym chemioterapeutykiem w leczeniu
raka jelita grubego. Nalezy do trzech pierwszych rodzajéw chemioterapii stosowanych
w leczeniu przerzutowego raka jelita grubego [9,10]. Lek ten stanowi pochodng
alkaloidu-kamptotecyny  [11]. W  wyniku  hydrolizy = irynotekanu przez
karboksyloesterazy pacjenta powstaje jego aktywna forma-SN-38, inhibitor
topoizomerazy. SN-38 jest metabolizowany poprzez glukuronidacje w watrobie do
glukuronidu irynotekanu (SN-38G), ktory dostaje sie do jelita cienkiego wraz z zdtcia.
Niestety, w jelicie grubym na skutek aktywnos$ci bakteryjnej 3-glukuronidazy (GUS),
SN-38G jest z powrotem rozktadany do aktywnej postaci (SN-38), ktéra dziata
toksycznie na nabtonek jelitowy, powodujgc skutki niepozgdane chemioterapii [12,13].
Najczestszymi dla irynotekanu sg biegunka, nudnosci i wymioty.

Biorac pod uwage kluczowa role mikroflory jelitowej w biegunce istotne staje
sie zahamowanie jelitowej aktywnosci bakteryjnej GUS bez pogorszenia skuteczno$ci
przeciwnowotworowej irynotekanu. Farmakologiczne hamowanie bakteryjnej



B-glukuronidazy pozwalajace na ograniczenie objawéw biegunkowych wywotanych
irynotekanem, zaobserwowano jak dotad jedynie na modelu mysim po zastosowaniu
pochodnej pirazolo [4,3-c] chinoliny (TCH-3562) [14]. Jak pokazuja dane literaturowe
zidentyfikowanych zostato jeszcze kilka inhibitor6w cechujacych sie znaczng supresja
biegunki i uszkodzen jelita przez CPT-11, niestety jednocze$nie zmieniajacych
farmakokinetyke SN-38 w osoczu, ktéra jak wiadomo jest czynnikiem determinujacym
skutecznos$¢ przeciwnowotworowg irynotekanu.

Wysoce prawdopodobne wydaje sie, ze wykorzystanie wyselekcjonowanych
pektyn, jako dodatkowego Zrédta weglowodanéw podczas podawania irynotekanu,
moze ograniczac hydrolize SN-38 przez bakteryjng -glukuronidaze.

Pektyny jako element diety wykazuja w organizmie dziatanie plejotropowe. Jako
podstawowy sktadnik Scian komérkowych roslin stanowig istotng frakcje btonnika
pokarmowego [15]. Charakteryzuja sie do$¢ réznorodng strukturg, ktéra zalezy od
gatunku roé$liny, typu tkanki i jej wieku. Podstawowym elementem strukturalnym
pektyny jest liniowy polimer kwasu galakturonowego (GalUA). W natywnej pektynie
obecne sa takze odrebne regiony strukturalne tj. ramnogalakturonian I (RG I)
sktadajacy sie z powtarzajacych sie dimerow GalUA i ramnozy, do ktorej przylaczone sa
rézne boczne ‘tancuchy cukrowe gléwnie arabiniany 1 galaktany oraz
ramnogalakturonian II (RG II), bedacy poligalakturonianem z czterema typami
tancuch6w bocznych. Lancuchy boczne ramnogalakturonanu II (RG II) zawierajg
nietypowe, rzadkie monosacharydy, w tym L-fukoze, apioze i kwasy: acerowy,
glukuronowy, 2-okso-3-deoksy-D-manno-oktulozorowy (KDO) i
2-okso-3-deoksy-heptulozarowy (DHA). Dostepne w handlu pektyny s3a zwykle
pozyskiwane ze skérek cytrusow lub wyttlokoéw jabtkowych poprzez ekstrakcje
gorgcym kwasem [16]. Pektyny wyekstrahowane ta metoda s3, w pordwnaniu z
czasteczkami natywnymi, zubozone w RG I i RG II [17]. Frakcje pektyn bogate w RG-I
moga blokowac¢ galektyne 3 (Gal-3) wykazujac silne dzialanie antynowotworowe i
immunomodulujgce [18,19].

In vitro wykazano mozliwo$¢ synergistycznego dziatania preparatu
modyfikowanej pektyny cytrusowej (Pect-MCP) i paklitaxelu (PTX) wobec komdrek
raka jajnika. Pect-MCP uwrazliwia komérki raka jajnika na PTX wtasnie poprzez
hamowanie  ekspresji Gal-3. Na  wielokierunkowy  mechanizm dziatania
przeciwnowotworowego pektyn wskazuja rowniez wyniki badan przeprowadzonych
m.in. na ludzkich komoérkach czerniaka linii B16-F1 [20] i komorkach raka stercza
MAT-LyLu [21] hodowanych w obecnos$ci niskoczasteczkowej pektyny cytrusowe;.
Proapoptotyczne wtasciwo$ci pektyn odnotowano w Kkomoérkach wielu linii
nowotworowych. W zaleznosci od typu komoérek pektyny mogg indukowaé rézne szlaki
molekularne inicjujgce apoptoze w tym wykonawcza kaspaze 3 w komdrkach szpiczaka
i prostaty [22].
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Znana jest takze zdolnos$¢ pektyn do obnizenia ekspresji lub aktywnosci
niektérych markeréw stanu zapalnego w réznych typach komérek stymulowanych LPS.
Przykltadowo modyfikowana pektyna cytrusowa zmniejsza ekspresje COX-2 i
indukowalnej syntazy tlenku azotu (iNOS) [23], a pektyna malinowa hamuje
wytwarzanie NO i IL-6 [24] w stymulowanych makrofagach. ObniZzony poziom
ekspresji IL-6 w obecnosci bogatej w RG I pektyny z zarodkéw lotosu, zaobserwowano
takze w komdérkach mysiego mikrogleju stymulowanego LPS [25]. Podobny efekt byt
widoczny w Kkomoérkach raka okreznicy (HT-29 i SW-620) hodowanych w obecno$ci
oligogalaktanu jabtkowego [26] lub modyfikowanych polisacharydéw jabtkowych [27].
Wowczas, ekspresja COX-2, jak rowniez innych markeréw zapalenia, byta znaczaco
obnizona.

Wyjatkowo duza zdolno$¢ adhezji do warstwy mucynowej na powierzchni jelit
wykazujg natomiast pektyny o duzym udziale homogalakturonianu (HG). Tworza w ten
spos6b Dbariere chronigca epitelium przed mikroflorg oportunistyczng. Warto
podkresli¢, Zze do okreznicy dociera prawie 90% pektyn podawanych doustnie, co
stanowi korzystne siedlisko dla prawidtowego mikrobiomu, a dodatkowo stanowi
istotne Zrodto substancji odzywczych dla zasiedlajacych uktad pokarmowy bakterii
[28,29].
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CELE PROJEKTU BADAWCZEGO

1. Omodwienie najnowszych doniesien z zakresu patofizjologii i leczenia biegunki

indukowanej chemioterapia, ktore zostaly przedstawione w publikacji pt.:
»~Chemotherapy-induced diarrhea - pathophysiology, current and future
treatment trends.”

2. Ocena wplywu enzymatycznie otrzymywanej pektyny jabtkowej PC (izolacja
endo-celulazg) na komorki raka jelita grubego i poréwnanie jej wiasciwosci z
komercyjnie dostepna pektyna cytrusowa SolC o potwierdzonej aktywnoSsci
przeciwnowotworowe;j.

Zadania badawcze obejmowaty:
[.  Ocene aktywnoSci cytotoksycznej pektyny jabtkowej PC,
II. Okreslenie mechanizmu dziatania badanych zwiazkéw poprzez
zbadanie ich wptywu na:
proliferacje komérek nowotworowych,
cykl komoérkowy,
proces apoptozy,

zdolno$¢ do generowania reaktywnych form tlenu,
e modulacje odpowiedzi zapalnej,

3. Potwierdzenie mozliwos$ci uzyskania korzystnych interakcji (synergizm) w
uktadzie irynotekan:pektyna jabtkowa PC.

4. Ocena hamowania aktywnoS$ci bakteryjnej 3-glukuronidazy (GUS) oraz adhezji
komoérek bakteryjnych E. coli na powierzchni komérek nowotworowych jelita
grubego przez pektyne jabtkowa PC.

5. Ocena i poréwnanie aktywnoS$ci przeciwnowotworowej dwoch enzymatycznie
otrzymanych pektyn jabtkowych PX (izolacja endo-ksylanazg) i PCX (izolacja
endo-celulazg i endo-ksylanazg)

6. Ocena efektu synergistycznego przy jednoczesnym zastosowaniu irynotekanu
wraz z pektynami jabtkowymi PX oraz PCX.

7. Ocena skutecznosci dziatania PX i PCX jako substancji blokujacych adhezje E. coli
do powierzchni komorek jelita grubego
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Wyniki badan zostaty przedstawione w publikacjach pt.:

,Newly-obtained apple pectin as an adjunct to irinotecan therapy, presumptively
reducing its side effects via influence on colonic E. coli B-glucuronidase activity”
oraz

»~The Use of Endo-Cellulase and Endo-Xylanase for Extraction of Apple Pectins as
the Factor Modifying Their Anticancer Prop-erties and Affecting Their Synergy
with Active Form of Iri-notecan”
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MATERIALY I METODY

Badania przedstawione w niniejszym opracowaniu przeprowadzono w Katedrze i

Zaktadzie Biofizyki i Neurobiologii Uniwersytetu Medycznego we Wroctawiu.

W ramach publikacji “Newly-obtained apple pectin as an adjunct to irinotecan
therapy, presumptively reducing its side effects via influence on colonic E. coli
B-glucuronidase activity” oraz “The Use of Endo-Cellulase and Endo-Xylanase for
Extraction of Apple Pectins as the Factor Modifying Their Anticancer Prop-erties
and Affecting Their Synergy with Active Form of Iri-notecan” zastosowano
nastepujgce materiaty, odczynniki i metody:

1. Chemikalia/Odczynniki

SN-38 (7-etylo-10-hydroksykamptotecyna), aktywny metabolit irynotekanu, pochodzit z
firmy Sigma-Aldrich. PectaSol-C (SolC) niskoczasteczkowa modyfikowana pektyna
cytrusowa o udokumentowanej aktywnosci przeciwnowotworowej zostata zakupiona
w firmie Econugenics. Pektyny jabtkowe izolowane enzymatycznie uzyskano w ramach
wspolipracy z dr hab. Agnieszkg Wikierg z Katedry Biotechnologii i Og6lnej Technologii
Zywno$ci Uniwersytetu Rolniczego im. Hugona Kotataja w Krakowie. Roztwory pektyn
przygotowywano w wodzie podwdjnie destylowanej. Roztwoér podstawowy SN-38
przygotowano w dimetylosulfotlenku (DMSO).

2. Izolacja pektyn

Makroczasteczkowe pektyny jabtkowe ekstrahowano z wysuszonych wyttokow
jabtkowych przy uzyciu celulazy (endo-f-1,4-glukanazy, EC 3.2.1.4) i ksylanazy
(endo-B-1,4-ksylanazy, EC 3.2.1.8, Sigma-Aldrich, Poznan, Polska) wytwarzanych przez
grzyba strzepkowego Trichoderma viride.

3. Hodowla komoérkowa

Badania przeprowadzono na ludzkich liniach komoérkowych raka jelita grubego: HT-29,
HCT116, Caco-2 i FHC, uzyskanych z kolekcji ATCC. Komdrki hodowano w temperaturze
37°C w atmosferze nasyconej 5% CO,.

4. Testy zywotnosci komorek

Stosowano dwa testy: Sulforhodamine B colorimetric assay (SRB assay) oraz
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction
assay (MTT assay)
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5. Analiza izobolograficzna

Wykorzystujac oprogramowanie CompuSyn (ComboSyn Inc., Paramus, NJ, USA),
zgodnie z klasycznym réwnaniem mediany efektu, opisanym przez Chou i Martina,
obliczono wartos$ci wskaznika kombinacji (CI).

o, O
~(Dx)y  (Dx);

ClI

Gdzie: (Dx)1 to dawka samego leku 1, ktéra hamuje uktad o x%, (Dx) 2 to dawka
samego leku 2, ktéora hamuje uktad o x%, a (D) 1+ (D)2 to dawki leku 1 i 2 w
polaczeniu, ktére réwniez hamujg ukltad o x%. Wartosci CI ponizej 1 oznaczaja
synergizm, wartoSci Cl rowne 1 oznaczajg efekt addytywny (tj. brak interakcji), a
warto$ci powyzej 1 wskazujg na antagonizm.

6. Analiza cytometrii przeptywowej

W celu zbadania cyklu komérkowego, apoptozy oraz wewngtrzkomérkowego poziomu
reaktywnych form tlenu (ROS) zastosowano metode cytometrii przeptywowej.
Apoptoze badano przy uzyciu testu apoptozowego Annexin-V (BioLegend) i roztworu
jodku propidium (PI) (100 pg/ml; Sigma Aldrich). Poziom ROS mierzono przy uzyciu
przepuszczalnej dla  komoérek sondy niefluorescencyjnej -  dwuoctanu
2'7'-dichlorofluorescyny  (DCFH-DA, Sigma-Aldrich, Poznan, Polska) Analizy
cytometryczne wykonywano natychmiast przy uzyciu cytometru przeptywowego Aria
[II (Becton Dickinson) w konfiguracji FITC (wzbudzenie 488 nm; emisja: lustro LP 503,
filtr BP 530/30) lub PE (wzbudzenie 547 nm; emisja: 585 nm) i zliczano co najmniej 10
000 komorek.

7. Test aktywnosci kaspazy-3

Aktywnos$¢ kaspazy-3, enzymu nalezgcego do rodziny endoproteaz, oceniano przy
uzyciu komercyjnie dostepnego zestawu (GenScript) zgodnie z protokotem
dostarczonym przez producenta.

8. Ocena poziomu dialdehydu malonowego (MDA)

Poziom dialdehydu malonowego (MDA), produktu peroksydacji lipidéw, ktéry jest
biologicznym markerem stresu oksydacyjnego, analizowano przy uzyciu zestawu Lipid
Peroxidation (MDA) Assay Kit (Abcam/Symbios, Straszyn, Polska), zgodnie z instrukcjg
producenta z niewielkimi modyfikacjami.
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9. Test immunoenzymatyczny ELISA

W celu iloSciowego oznaczania cyklooksygenazy-2 (COX-2), interleukiny-6 (IL-6),
receptora toll-podobnego 4 (TLR4) i Gal-3 zastosowano metode immunoenzymatyczng
(ELISA). Testy wykonywano zgodnie z instrukcjami producenta.

10. Szczepy E. coli

Testy przeprowadzono wykorzystujac dwa szczepy referencyjne.: prototypowy
adherentno-inwazyjny szczep E. coli (AIEC) LF82 (083: H1), otrzymany dzieki
uprzejmosci dr Arlette Darfeuille-Michaud, Université d'Auvergne (Francja) oraz
laboratoryjny szczep E. coli K-12. C600.

11. Ocena adhezji komorek bakteryjnych do komérek raka jelita grubego

Obrazowanie procesu adhezji komorek bakteryjnych do komérek raka jelita grubego w
obecnosci pektyn: PC, PX lub PCX wykonano pod mikroskopem s$wietlnym po
zabarwieniu metoda Wrighta-Giemsy.

12. Ocena proliferacji komorek E. coli

Wplyw pektyn jabtkowych na proliferacje komoérek E. coli oceniano na podstawie
pomiaréw spektrofotometrycznych przy diugosci fali 600 nm i poréwnywano ze
wzrostem komorek E. coli w czasie zerowym.

13. Oznaczanie aktywnosci f-glukuronidazy (GUS)

Aktywno$¢ -glukuronidazy obliczano wg: stezenie 4-nitrofenolu/100 mg/mL biatka x
60 min.

14. Analiza statystyczna

Wszystkie eksperymenty zostaly powtérzone trzykrotnie. Dane przedstawiajg Srednie
+ odchylenie standardowe (SD) z co najmniej trzech powtdrzen. Zastosowano test
t-Studenta, a warto$ci p mniejsze niz 0,05 uznano za istotne statystycznie.
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Albatract Pectin comstitubes an exsential cu'rrpcnpnl:nfd.iﬂal? fibwer. Modified pecting from vanous
sotres possess potent anticancer and immunomodulatery sctivities, In this study, bwo pectins
isolated from apple pomace by Trichoderma enzyime freatment, I'X (with endo-xylanase) and PCX
(with both endo-cellulase and endo-xylanase), were studied in colon cancer cell lnes (HCT 116,
Caco-1, and HT-29), Both pectins neduced colon cancer cell viability, induoed apoptoses, and incrsased
imtracellular amounts of reactive oxygen species. Additionally, synergy betwoen pectin and an active
form of irnatocan, SMN-3H, in all aspects mentioned alove, was discoverned, This drug s & common
component of cvtotoxic combinations recommended as treatment for colon cancer patients. PX
and PCX demonstrated significant anti-inflammatory activity in lipopolysaccharide-stimulated cells.
Interaction of apple pectine with galectin-3 and Toll-like Receptor 4 (TLE4) was suggested to be
responsibile for their anticancer and anti-inflammatory effect. Sinoe POX was more active than 7
v almost all experiments, the role of the eneyme used to obtain the pectin for its biological activity
was discusted. [t was concluded that co-operation between both enzymes was necdied to obtain the
muobecule of the most bimeficial propertics. The low malecular mass of PCX together with a high
proportion of thamnogalactunonan | (RG 1) regions seemed o be crucial for its superior activity.

Keywords: codon cancer; pecting symergy: SN-38 (krnotecan); apaoplosss; inflammabon; eneymatic extraction

1. Introduction

Pectins are acidic heteropolysaccharides that may constitute up to 407 of the dry
miss of plant cell walls [1] and they are therefore an essential component of dictary fiber
corsumed by humans. Their structune depends on the plant of origin and the type of plant
tissue used as a source, etc. Pectins are complex polymers with highly branched chains.
However, some structural regions can always be identified [2]. First, a lincar polymer of
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galacturonic acid that may be methylated and acetylated constitutes the homogalacturonan
(HG) region. Next is the chamnogalacturonan [ (RG 1) region, whose backbone consists
of repeating dimers of galacturonic acid and rhamnose that are further substituted with
galactan and arabinan shde chains. Finally, there s a highly conserved rhamnogalacturonan
11 {RG 11y region rich in rare saccharides, e.g., L-fucose, apiose, aceric acid, and 2-keto-3-
deoxy-D-manno-octulosonic acid, The importance of RG 1 and RG 1 presence in pectin
maolecules has been emphasized for pectin’s biological activity [34].

Extracted pectin is mainly used in the food industry as gelling, thickening, emulsifving,
and stabilizing agents in a varety of foods [5] Recently, pectin was also used in the
production of edible film coatings [6] as well as drug nanocarriers [7,5]. The recognized
biclogical activities of pectin are very diverse, including the ability to lower serum lipids,
cholesterol, and ghecose lovels, as well as prebiotic activity (reviewed in [9]), Modified
pecting were also described a8 immunomodulating [10], anticancer [11], and proapoptotic
agents [12]. These effects are postulated to be mediated via the interaction of pectin with
Tolllike Receptor 4 (TLR4) |13] and galectin 3 (Gal-3) [11].

The main commercial sources of pectins are citrus peels and apple pomace [14]. Indus-
trally, pectin is extracted from the plant matrix by temperature treatment (80-100 *C) in
acidic conditions (pH 1=3) [15]. Such a procedune, however, results in a reduced amount of
RG [ and RG 11 in the product as companed bo native pectin, The preparations are enriched
in galacturonic acid, while the degree of methylation and thie content of neutral sugars is
lowered [16]. Therefore, methods in which the eneymatic decomposition of plant material
is employed have recently gained more attention [17]. Wikiera et al. [18] have proposed the
novel, effective method of enzymatic isolation of apple pectins with the use of fungal endo-
cellulase and endo-xylanase, Both enzymes split B=1.4 glycoside bonds within the chains of
cellulose and xylan, respectively. Both enzymes co-operate in releasing pectin from cellular
walls. The resultant preparation is free from non-pedin sugars. The detailed structure of
the obtained pectins was previously described [15], and their properties and biological
activity were partially characterized [19]. Shartly, the ercymatically prepared apple pectins
had very high molecular masses and contained a significant amount of branched RG [ and
RG 11 reggions and wene highly methylated and rich in neutral sugars (such as arabinose,
rhamniose, and galactoss), characteristic of pectins in muro,

In our previous study [20], the promising anticancer activity of apple pectin PC,
obtained with the use of endo-cellulase, was demonstrated. Its anticancer propertics
in colon cancer cell line HCT 116 were shown to be superior to commarcially available
milified citrus pectin, PectaSol. Additionally, the existence of synengy between IPC and the
active form of irinotecan (SM-38) was proven. In the present work, two other encymatically
extracted apple pectine were studied. 'X was obtained with the use of endo-xylanase,
and PCX by the treatment of apple pomace by both endo-cellulase and endo-xylanase.
Anticancer properties of the apple pecting were studied in the panel of colon cancer cell
lines (HCT 116, Caco-2, and HT-29). Colon cancer cell lines have been chosen as a reseanch
mordel sinee colon cells are likely o come in direct contact with pectin as plant-origin or
pectin-containing foods are consumed. Both pectins were demonstratid to reduce colon
cancer cell viability, induce apoptosis, and increase the amount of neactive oxygen species
(ROS5) in cancer cells. Additionally, the synergy between pectin and SN-38 in all aspects
memtioned above was discovered. Moreover, apphe pectins had an anti-inflaimmatory effect
in colon cancer cells, possibly via the interaction with TLR4. Since PCX turned out o be
maore active than PX in almost all experiments, the robe of the trpe of enzyme used to obtain
the pectin for its biological activity was discussed.

1 Results
L1, Cytoloricity Assay
211 Cytotoxicity of Pectins in Colon Cancer Cells
The anticancer activity of apple pectins was studied in three colon cancer cell lines:
HCT 116, Caco-2, and HT-29, Coborectal cancers are molecularly heterogeneous and can be
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112 Cytotoxic Effect of Pectins Combined with SN-38

Figure | {right column) also presents the effect of anticancer drug SN-38 (an active form
of irinotecan) on the cytotoxic pobential of PX and PCX. Tt was visible that the combination
of each apple pectin (at 0.2 mg/mL) with the non-toxic concentration of SN-38 (5 nM)
resulted in the enhancement of the cytoboxic effect in all colon cancer cell lines. Both pectins
exhibited significant cytotoxicity when applied alone, but the co-treatment of cancer cells
with low concentration of SN-38 increased cytotoxicity even more.

This promipted us wo perform tsobolographic analysis to detect the existence of putative
synergy between the apple pectins and the anticancer drug. For pure compounds and their
combinations, dose and effect data were obtained from the MTT assay, Thie analysis via
CompuSyn software based on the model of Chou and Martin [23] yielded combination
index values (Cl) for PXSN-38 and PCXSN-38 mixtures (Table 2). For almost all the
combinations, Cl values were clearly below 1. suggesting synergy between the apple
pectins and SN-38. As judged by CI values, in HCT 116 and Caco-2 cells the synergy
between PCX and SN-38 was more potent than in case of PX. Surprisingly, this effect was
reverted in HT-29 cells. The obtained isobolograms are presented in Figure 2. Additional
analysis performed using Combenefit software [24] (Figure 3) corroborated the synergy
between the studied substances, Matrix format plots present synergy scones calculated
aceprding to the Highest Single Agent (HSA) model [25], and the level of antagonism or
synergism is represented by a color scale bar. As can be noticed in both HCT 116 and

Caco-2 cells, but not in HT-29 cells, PCX exhibited stronger synergy with SN-38 than PX.

Additionally, it can be noticed that the symergistic effect predominantly occurred in low
concentrations of anticancer drug, i.e., below its 1Csy value (that ranged between 7.5 and
& nM depending on colon cancer cell line).

Table 2. Combination of apple pectins with 55-38 against colon cancer cell growth.

Concentration imgiml) Comblnstin
- N-38 ™ POX e Index (CT)
U | ni . 128,201 624
(EER | oz - 100001 0863
L4 o B 0s - 1577300 1
HCT 118
T . ol 128,200 LT}
H | - oz o2 000 05481
14 = 1S - 0s 157,701 008
078 = j0-® L8] 1152001 DBGS
[EER 02 1020001 01
AW a8 = o
Cacr2
[ - at 118, 2001 [
156 = 10 . 0l {ladisndl A
NS = L 157,730 L
7S 1® LY 128,20k 0725
[E [ a2 pLudis gl 0724
Lhd = A0S ns 1577301 [t
HT-20
[ T . ai 138,200 nHz2
[ . ol [eedeiid] [E2
A= dE : T 1577501 01454
Tome and eliect data were obtained om B W11 assay (mean yalses of Tee oxper }and analyisd

by CommpuSan software, O values weee caboulabed by CompuSyn software, C = 1 indicates additive eifect,
1 & I—symengiam, and Ol = | —antsgonism.
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Figure 2 Isobolograms for the interaction of PX (AJC.E) and PCX (B.03,F) with SN-38 in HCT-116
(ALBY, Caco-2 (C,1), and HT-2 cells (EF}. The isobolograms were constructed by connecting the 105

(triangles), K fekrcles), and s (squanes) values of pectins with the appropriate 1C values of SN-38.
Lines indicate the theosetical lines of additivity,

1
=

i

Figure 3, Synergism of apple pecting X (ACE} and PCX (B,DLF) with anticancer drug SN-38 in
colon cancer cells HOT 116 (A,8], Caco-2 (C.LY), and HT-29 (EF). The matrices show Combenedit
analysis of the conbinations. MTT cell viability data after 48 h of incubation {arithmetically averaged
data of three independent experiments) wene used lor the analysis. Synergy scones less than —5—the
Interaction between two drugs is likely to be antagonistic, from —5 to 5—the interaction is likely to
e additive; larger than 5—the inleraction is Riely to be synergistic.
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2.2, Cell Cycle Amalysis

Flow cytometric analysis of cellular DNA content was employed to investigate the
influence of pectins on the cell cycle of colon cancer cells. Figure 4 presents the proportion
of HT-29 cells in different cycle phases and Figure 5 presents the exemplary histograms. It
can be noticed that the treatment of cells with 0.2 mg/mL of both X and PCX caused thee
significant (* p < 0.05 as compared to the untreated control) incnease of the sub-G) fraction
of HT-29 cells with a concomitant decrease in other fractions, especially Go/Gy. Cells in the
sub-Gy phase are predominanily dead cells, ie., necrotic or late apoptotic, while Ga /Gy
phase represents living mononuclear cells. The addition of 5 nM of SN-38 also increased
the share of sub-G; cells, however, this was 1o a lesser extent than pectins themselves,
Most interestingly, the combination of pectin and S8-38 resulted in a robust increase in
thi: number of HT-29 cells in the sub-Gy phase. This pointed to the mutual enhancement
of activity between the anticancer drug and apple pectins. Similar results were obtained
when the influence of the studied pectins was investigated in HCT 116 eells and Caco-2
cells (Figure 53).

i
o Gl
L]

2 % X XN M WO WK W0
% of oslle
Figure 4. Cell cycle-dependent DNA content in HT-29 cells irneated with 0.2 mg/mlL of pectins
and for 5 nhd SN-38 for 48 h. Sub-Gy population—dead cells, Gy /Gy—mononuchear cells, S—DNA
replication, Gy /M—mitosis. The means of three experiments & 50 are presented.

e oL PX BT g PO 0. gl

L

Figure 5. Typical histograms of DNA content {stained with PI) in HT-29 cells treated with 0.2 mg/mL
of pectins and /o 5 a0 SN-38 for 48 b Sub-Gy population—dead cefls, G/ Gr—mononuckear cells,
S5—DNA mplication, Gy /M—emitosis,
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2.3, Apoptisis Defection

The finding that the treatment of colon cancer cells with pectins affected their cell
cyele, causing the increase of dead cells share, prompied us to perform a more detailed
analysis of the putative mechanism of cellular death caused by the studied compounds.
The results of cytometric experiments on the detection of apoptotic cells ane presented in
Figure 6. It is chearly visible that the tneatmaent of HT-29 cells by both pectins resulted in
an increase in the number of apoplotic cells as compared to the cells not treated with the
studied pectins (* p < 0.05). SN-38 applied at 5 nM concentration also slightly increased the
population of apopiotic cells, However, the most pronounced effect was observed when the
pecting wiere used in combination with the anticancer drug. The proportion of apoptotic
cells ratsed dramatically. It is worth noticing that in all cases, the factor responsible for
reducing the normal cell population was the significant increase of the number of apoptotic
cells, while the population of necrotic cells increased only slightly. Similar results were also
obtained for HCT 116 and Caco-2 cells (Figure 54),

mnecrobe
W EpOEobc
= ol

LSS

Figure & The proportion of nommal, apeptotic, and necrotic cell populations as recorded by Annexine
V apoplosis assay in HT-29 cclls treated with pectins (0.2 mg/ml) and/or SN-38 for 48 h. The
maarss of thoee experiments = S00are presented, Cells were recognized as viable (Annesin-Y and 11
negativel, apoptotic (Anmexin:¥ positive and I'l negativel, and necrotic (AnnexinV and Pl positive)
Inased on the measurement of cell-associated Auonscence of FITC- Annexin-V conjugabe and 1

% of celis
coBESBB83EBEE

Additionally, the ability of apple pectins to affect the activity of caspase-3 was studied.
This proteolytic eneymie 15 associated with the execution phase of the apoptotic cascade. As
shown in Table 3, both apple pectins caused the sctivation of caspase-3 in all studied cell
lines. At the same concentration (0.2 mg,//mL), PCX turnced out to be a more potent caspase-
3 activator than PX. Anticancer drug SN-38, al 5 nM, virtually did not affect the enzyme’s
activity, However, the combination of the drug with pectins produced the significant
activation of apoptosis-associated caspase. The results of the described above experiments
pointed oul that apple pectins, especially in combination with SN-38, manifested potent
proapoptotic activity in colon cancer cells.
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Table 3. Relative caspase-3 activity in colon cancer cells treated with pectins (at 0.2 mg/ml.) and
pecting in combination with SN-38 (at 5 nM) for 48 h

Celll Lise Frctin jmg/mlb Relative Cavpasr-1 Actividy
5 il 51

L 100 & B L 108

PRCT 118 aIrx LE-RRT TN T
0 ey 147 4 i ” A & ey

Q 1000 4 B (R

Caosd nIrx 156 & 005* Ly & Qum v
03 PCx L5 (02" 283 & s

L] 100 & K LI Q1%

M- 02 159 Quin * 255 & Do+ d
02 ICx &7 & ull” T xS

Thi micates (4 Birve e prrimensis + 10 AR parsctibra (° < 005, SAtil Al sheniic anct was cheched Prtvren the
5-38 (* p < 0005}

24. Otxidative Stress Debection

To better understand the mechanism by which apple pectins induced apoptosis in
colon cancer cells, the effect of pectins on the degree of oxidative stress in cells was studied.
The lipid peroxidation status of cells was determined by measuring the amount of peroxi-
dation product MDA {malondialdehyde) in cells treated by pectins. As shown in Figure TA,
both PX and PCX, when used at 02 mg/mL increased the level of lipid peroxidation in
HT-29 cells. The active form of innotecan, SN-38, when applied at low concentration (5 nM},
had virtually no effect on the studied parameter. On the other hand, when HT-29 cells were
treated with SN-38 in combination with pecting, a further incnease of lipid peroxidation
was reconded, mone pronounced in the case of PCX than PX. Nearly the same results wene
also obtained in HCT 116 and Cace-2 colon cancer cells (Figure 55).
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Figure 7. Lipid peroxidation (A} and ROS level (B) in HT-29 cells treated with 012 mg/mlL pectins
and for 5 nM SN-38 for 48 h. The means of three experiments £ S0 are presented (* p < 0005
Statistical significance was checked between the studied probes and controls (no pecting as well as
betwoin probwes containing only pectinand pectin combvined with SN-38.

Next, the generation of ROS in colon cancer cells in the presence of apple pectins
was quantified. The results of the assay in which intracellular ROS were detected with
the use of fluorescent probe DCF are presented in Figure 7B, Both studied pectins (at
0.2 mg/mL) significantly increased ROS levels in HT-29 cells, and the degree of this
increase was comparable to the effect caused by SN-38 at 5 M. The combination of pectins
with the low concentration of anticancer drug resulted in o dramatic rise in the amount of
ROS generated in colon cancer cells. This effect was slightly stronger for the POXCSN-38
combination than for PX:SN-38. Similar observations were also made in two other colon
cancer cell lines studied (Figure 55 however, in HCT 116 cells, PX was more effective in

augmenting the ROS-generating potency of SN-38 than PCX.

2.5, Modulation of Inflammation by Pecbing

Colon cancer cells were pretreated by lipopolysaccharide (at 05 pM) for 24 b to induce
inflaimmation. The ability of apple pectins to modulate the cellular inflammation process
was investigated in a model system prepared in such a way, As shown in Figure 8, the
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treatment of HT-29 cells with LPS resulted in a significant increase in both cyclooxy genase
2(COX-2) and interleukin 6 (IL-6) amounts. Pectins (applied at 0.2 mg/mL} did not affect
the level of both nflammation markers in the cells not stimulated by LPS. On the other
hand, apple pectins were able to strongly reduce the level of COX-2 (Figure 5A) and 1L-6
(Figure 5B) secreted by LPS-pretreated colon cancer cells, which pointed to their anti-
inflammatory potency. Similar results were obtained in two other colon cancer cell lines:
HCT 116 and Caeo-2 (Figure S6).
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Figure 8. Amount of COX-2 (A), [L6 (8} and TLRA (C) in HT-29 cells freatid with (1.2 mg/mL pectins
and for 05 pM LS. Cells were pretreated with LPS for 24 b and then incubated with pectins for 48 he
The means of three experiments + SEFare presented (* p < (L05). Statistical significance was checked
between the studied probes and controls (no pecting as wiedl as between probes containing only pectin
and pectin combined with LS.

TLR4 plays the role of main cellular receplor for LIS, and its activation leads to the
activation of cytokine production. As shown in Figure 8C, the pretreatment of HT-29 cells
by LIS resulted in a significant increase in the amount of TLR4. The studied apple pectins,
"X and PCX, caused a significant decrease in the amount of this protein in colon cancer
cedls that had been both stimulated and not stimulated by LPS.

1.6, Galechin-3 Detection

Since both studied pectins induced apoptosis in colon cancer cells, it was also checked
whether they could affect the cellular amount of galectine3 (Gal-3). Gal-3 possesses many
functions. Among others, it is engaged in apoptosis regulation. Investigation of Gal-3
by means of ELISA assay showed that the treatment of HT-29 cells by PX or PCX (at
0.2 mg/ L) resulted in a pronounced drop in the amount of Gal-3 detected in cell lysates
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(Figure 9), Additionally. PCX was demonstrated to affect the Gal-3 amount more strongly
than "X. Similar observations were made in HCT 116 and Caco-2 cells (Figure 57).
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Figure %, Amount of Gal-3 in HT-20 cells treated with 0.2 mg/ml pectins for 48 h. The means of
theee experiments & S0 are presented (" p< 0.05). Statistical significance was chicked between the

studied probes and controls (no pecting,

2.7, E. colt Adherence to Cancer Cells

Since the interaction of all compounds with colonic cells might be modulated by the
local microbiota, the ability of the pectins to interfere with the adberence of Esclerichia coli
was tested in HCT 116 cells (Figure 10). The adherent-invasive strain of bacteria (LF82)
isolated from a patient with Crohn's disease was used in experiments. X inhibited the
adherence of LFS2 to epithelial cells by ca. 3% (* p < (L05), PCX was less active in this
respect. It exerted a slight inhibition on E. coli adherence at the highest concentration used,
however, statistical significance was not reached.
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Figure 10. Adherence of E coli LFS2 strain o HCT 116 cells (A} in the presence of pectins during
2 h of incubation. The mwans of three experiments + SD are presented. Statistical significance
(* pr < 0.05) weas checked betwern the studicd probes and controds (no pectin) assumed o be 100N
Represendative pichares of bacteria adbering 1o untreated HOT 116 cells (B1,C1) and teeated with
"X (B) or FCX (C) at concentrations of 0,125 mg/ml. (B2,C2). (.25 mg/mL (B3,C3). and 0.5 mg/mL
(BA.CH). Wright-Uaemsa sbain, 100x magnification,
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3. Discussion

The anticancer activity of enzymatically extracted apple pectins, PX, and PCX, was
demonstrated in a panel of colon cancer cell lines. Both studied pectins were cytotoxic
to HCT 116, Caco-2, and HT-29 cells. ICs values recorded for PCX in HT-29 and Caco-2
cells were almost twice lower than those for PX. In HCT 116 cells, 1Css values for both
pectins wene comparable but POX was still more cytotoxic than PX, Anticancer propertics
af PX and PCX have been previously studied in adenocarcinoma and melanoma cells [19].
It was found that calon cancer cells wene more sensitive to pectins than melanoma cells.
In contrast, the viability of normal mouse fibroblasts was not affected by pectins in the
studied concentrations. Recently, cellulase-extracted apple pectin, PC, was demonstrated
to reduce the viability of colon cancer cells [20]. Pectins isolated from other plant sources,
such as potato [26] and ginseng [27], were previously shown to also be anticancer agents in
human colorectal adenocaranoma HT-29 cells, Ttis worth noticing that the supenority of
the anticancer activity of pectin preparations rich in RG 1 regions over the ones depleted in
theese regions was reported [12,26], On the other hand, pectin preparations from jaboticaba
fruit [28] and papaya [29], which are rich in galacturonic acid (that suggested high content
of HG regions), were demonstrated to be selectively toxic to HCT 116 and HT-29 cells as
compared to the preparations with higher contents of neutral sugars.

The cytotaxic properties of the apple pectins towards colon cancer cells were also
studied in the presence of a low concentration of the active form of irinotecan (SN-38), The
drug was used at the concentration of 5 nM, which was practically non-toxic to none of
the studied cell lines, When SN-38 and apple pectins were applied together, the studied
compounds exerted a much more pronounced cytotoxic effect on all types of the colon
cancer celis. Isobolographic analysis clearly demonstrated the existence of synergy between
thi apple pectins and SN-38. For PX, the severity of the observed synergistic effect was
similar in all three cell lines studied. On the other hand, PCX exhibited mone podent
synergy with SM-38 in HCT 116 and Caco-2 cells than in HT-29 cells. Therefore, it was
concluded that the processes that resulted in synergy were dependent on the type of cancer
cells. Together with our previous observation [20], this i the first demonstration of the
synergistic effect between apple pectin and the anticancer drug, Previously, only modified
citrus pectin was shown to exhibit synergy with paclitaxel in ovaran cancer colls [3], and
doxorubicin in prostate cancer cells [31]

The observation of the cytotoxic effect of enzymatically extracted apple pectins on
colon cancer cells was supplemented by the study of their effect on cell eyele and apoptosis
tnduction, In all three cell lines, the presence of pectins resulted in an increase in the
number of cells in the sub-Gy phase of the cell eycle (necrotic and late apoptotic cells)
as well as the induction of apoptosis (documented as the elevated number of cells that
had externalized phosphatidylserine and also as the sctivation of caspase-3). When the
binary combination of the apple pectin and SN-38 was applied to colon cancer cells, the
enhancement of the effect of pectins both on the cell cycle and apoptosis induction was
recorded. Proapoptotic properties of various pectin preparations in colon cancer cells
have been previously reported. Pectins obtained from sugar beetroot and sweet potato
were found to induce apoptosis in HT-29 cells [1232]. The HG-rich ginseng pectin caused
HT-29 cell cycle armest in the Gp/M phase and induced apoptosis accompanied by the
activation of caspase-3 [27]. Enzymatically isolated apple pectin, PC, induced apoptosis in
human colorectal carcinoma cells HCT 116 [20], and eneyvmatically prepared low molecular
miass citrus pectin reduced viability, induced apoptosis, and caused cell cyche armest in the
5 phase in liver cancer HepG2 cells [33]. Finally, it was shown that fish ofl- and citrus
pectin-enriched diet protected rats from chemically or radiation-induced colon cancer by
upregulating apoplosis in colonic mucosa [ 4],

Mext, the ability of the apple pectins to affect the level of ipid peroxidation and
intracellular ROS was investigated. It was found that the studied pectins significantly
increased the levels of both markers of oxidative stress in colon cancer cells. Additionally,
in the presence of SN-38, the offect of pectins was highly augmented. This suggested that
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pectins displayed pro-oxidative properties in the experimental settings. Such properties
might complement the cytotoxic potential of the apple pectins towards colon cancer cells
since thie enhancement of ROS production might lead to cellular death via triggering
apoptosis. This observation is in apparent contrast with the numerous reports on the
antioxidative activity of various pectin preparations (reviewed in [35]), including apple
pectin [19]. However, it should be kept in mind that the results obtained in simple laboratory
maodels are not recessarily likely to translate into cellular conditions, The ROS-increasing
potency of various pectins has been previously observed. Prostate cancer cells exhibvited
increased radiosensitivity in the presence of modified citrus pectin, which was associated
with the elevated ROS production [36], Salehi et al. [37] described that citrus and apple
pectins induced apoptosis in breast cancer cells through the dysregulation of permeability
and subsequent destruction of the mitochondrial membrane that allowed for the excessive
ROS release. The increase in ROS production was also recorded in human glioblastoma cefls
treated with pectins from Canmpomaniesia xanthocarpa [35), Finally, enzymatically extracted
apple pectin, PC, has been observed to increase ROS production in colon cancer HCT
116 cells [20]. Pecting are belbsved to interact with Gal-3, which was shown to influence
RS production, NADPH oxidase enzyme expression, and redox signalling [34]. It can
therefore be supposed that the increase of cellular amount of ROS observed in the presence
of various pectins might be mediated via their interaction with Gal-3.

The chronic inflammatory process is nowadays believed to lie at the root of the
development of many progressive diseases, including cancer. Since the anti-inflammatory
activity of pectins has been widely observed (for a review see [40]), it was decided to study
apple pectina in this respect. Bacterial LIPS was used to induce inflammation. s application
resulbed in the significant increase in COX-2 and L6 levels in all colon cancer cell lines
tested. PX and PCX strongly decreased the amounts of both inflammation markers while
not affecting their levels in non-stimulated cells. The ability of pectins to mitigate the
expression or activity of various inflammation markers in variable LPS-stimulated cell
types has been widely recognized. For example, citrus pectin reduced the expression of
COX-2 and inducible nitric oxide synthase (iNOS) [41], and raspberry pectin diminished
NO and 1L-6 production [42] in stimulated macrophages. Expression of 1L-6 was also
diminished i LPS-treated murine microglia in the presence of RG 1-rich pectin from lotus
germs [43], When LPS-stimulated colon cancer cells (HT-29 and SW-620) were treated by
apple oligogalactan [+4] or modified apple polysaccharides [45], the expression of COX-2,
as well as other inflammation markers, was significantly lowensd, Apple pectin, PC, also
decreased the amounts of COX-2 and 11-6 in colon cancer cells HOT 116 pretreated with
LPS [20], Ginseng polysaccharides were demonstrated to alleviate colitis symptoms in
rats, accompanied by the downregulation of inflammatory eytokines (IL-18, 1L-2, IL-6,
and 1L-17) [46]. Additionally, antibiotic-associated diarchea in mice was nelicved by the
polysaccharide from the rhizome of Digscoma apposite, which also attenuated the expression
of IL-1§ and IL-6 in colon tissues [47],

Toll-like receptors (TLRs) play a key role in pro-inflammatory signaling networks
due to their ability to recognize a variety of pathogen-associated products (e.g. lipids,
proteins, lipoproteins, and nucleic acids) and subsequent triggering of the production of
nflammalory cviokines, co-stimulatory malecules, interferons, and chemokines [43], TLR4
i known to be the cellular receptor for LIPS produced by Gram-negative bacteria. Since the
direct interaction of pectins with TLR4 has been proposed to constitute the mechanism of
the immunomodulatory activity of pectins | 10], the ability of enzymatically extracted apple
pecting to bind to TLR4 was studied by means of an ELISA assay. A measurable amount of
TLR4 was detected only in HT-29 cells but not in HCT 116 and Caco-2 cells, The stimulation
of calon cancer cells did not change the satuation. This is in agreement with the analysis of
Suzuki et al. [44], who detected the presence of TLRS protein in the cvtoplasmic fraction of
HT-29 and Colo205 cells but not in HCT 116 and Caco-2. This suggested that some other
receptors had tw be associated with the LPS-responsiveness observed in the two latter cell
lines. For instance, TLR2 has also been postulated to serve as the receptor for LPS [50].
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As shown by the resulls of the experiments, both PX and PCX significantly decreased the
amount of TLR4 accessible to antibodies in HT-29 cells that were both stimulated and
non-stimulated by LPS. Thenefore, it was concluded that both studicd pectins bound o
thi: TLR4 receptor. The effect of pectins on TLR4 function and expression has already been
observed in several laboratory settings, including the experimental models in which the
conditions of inflammation-associated discases wene mimicked in animaks. Modified citrus
pectin downregulated the expression of TLRA in rats with myocardial fibrosis [51], and an
aligogalactan from apple pectin effectively reduced the elevated levels of TLR4 in a mouse
mide] of colitis-associated colon cancer [52]. Moreover, modified apple polysaccharide was
shown to suppress TLR4 expression and thus the TLR4-signalling pathway in colon cancer
cells [45]. The authors pointed to the competition between LPS and apple polysaccharide
for binding to TLRA. Park et al. [53] demonstrated that the anti-TLR4 antibody blocked
the immunomodulatory effect of RG I-tvpe polvsaccharide from citrus in macrophages,
Additionally, the colocalization of RG [ with TLE4 in bone marrow dendritic cells was
shown [54].

Another essential regulatory protein with which pectins are known to interact is
galectin-3, Gal-3 belongs to the lectin family and specifically recognizes f-galactosides
(s |55] for a review), Due to the specific binding to various probein tangets, Gal-3 mediates
numerous biological processes associated with cellular growth, cancer transformation,
invasion, and metastasis. The changes in its expression have been reported 1o occur in
many cancer and pre-cancerous conditions. Intracellular Gal-3 is believed to act as an
anti-apoptotic factor, 5o its overexpression is likely to make cancer cells partially resistant
to apoptosis. In the present study, an ELISA assay was employed to investigate the
interaction of the apple pectins with Gal-3, In all colon cancer cell lines, the presence of
pectins caused a decrease in the amount of Gal-3 detected by the antibodies. Additionally,
PCX seemed to affect Gal-3 to a larger extent than PX. Therefore, it was concluded that
the studied pectins directly interacted with Gal-3, which might be responsible for their
observed antiproliferative and proapoplotic activity, Since the first observation of Namngia-
Makker et al. [56]—that modified citrus pectin can bind to Gal-3 and act as its competitive
inhibitor, many studies have reported the direct interaction between these molecules.
Binding between various types of pectins or polysaccharides with Gal-3 has been detected
via nuclear magnetic resonance |57,58], surface plasmon resonance [59,60], and atomic
force microscopy [61], as well as fluorescence microscopy and flow cyvtometry [60]. The
imhibition of the Gal-3mediated hemagglutination of erythrocytes by pectins has also been
observed [29,62,61).

Interaction of all dictary compounds with colonic cells might be modulated by the
local microbiota. Therefore, it was checked whether eneymatically extracted apple pectins
could affect the adherence of Excherichia coli to colon cancer cells. As both colon cancer
and Crohn's disease have been associated with the local inflammation of the colon, an
adherent-invasive strain of bacteria (LFS2) isolated from a Crohn's disease patient was used
in the experiments. Reduced adhesion of LFE2 to cancerous epithelial colls in the presence
of PX demonstrated the interferenoe of pectin with E. colf adherence. LFB2 adhesion is
determined by mannose-sensitive type 1 fimbriae that bind to mannose receptors on thie
surface of intestinal epithelial cells, Pectins containing, among others, mannose groups,
can interfene with the adhesion of LFS2 to the intestinal epithelium that was also shown in
our previous study on endo-cellulase-extracted pectin [20].

In summary, we have clearly shown that the apple pectins PX and PCX exhibited
antiproliferative, proapoptotic, and anti-inflammatory activities in colon cancer cells, Morne-
over, both pectins exhibited synergy with SN-38 in reducing the viability of cancer cells.
As with the molecular mechanism of anticancer and anti-inflammatory properties of the
pecting, the putative interaction with Gal-3 and TLR4 was suggested, respectively. In-
terestingly, PCX turned out to be a more active antiproliferative agent than X, while
thesir anti-inflammatory activity was comparable. Moreover, PCX also exhibited a stronger
synergy with SN-38. This prompted us to attempt to analyze the features of three different
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enzymatically extracted apple pectins that might be important for their anticancer activity.
PX was obtained by apple pomace treatment with endo-xylanase, PC with endo-cellulase,
and PCX with both enzymes [18]. The anticancer properties of PC have been already
studied in HCT 116 cells [20], and it turned out 10 be more potent than commercially
available modified citrus pectin, PectaSol, but less active than PCX. The composition of
all three apple pecting has been already characterized [15]. Compared with the standard
acid-extracted pectin, all had high molecular masses, were highly methylated, and con-
tained a significant amount of branched RG Tand RG 1T regions. PX was characterized by
the highest mass (. 200 kDa), the lowest content of galacturonic acid, and the highest
content of neutral sugars. PC was intermediate in all discussed aspects, while PCX had the
lowest mass (ca. 420 kDa) and the smallest amount of neutral sugars, However, it must
b stressed that POX still contained mone branched regions than commencially produced
apple pectin, When one looks at literature reports discussing the parameters crucial for
the antiproliferative activity of pectins and /or their ability to interact with Gal-3 (which
is believed to be the primary mechanism responsible for pectin’s anticancer potency), a
complicated picture emerges. First, relatively low molecular mass was associated with the
beneficial activity, as various types of modified pectins wene more potent anticancer agents
than naturally large pectins [29,64,65], The presence of RG | regions has been stressed to
be necessary for antiproliferative offect of pectins by many authors [12,26,65]. Also, the
content of various types of arabinogalactan side chains was pointed out as an important
factor [12,66,67]. In particular, galactans rich in terminal B-galactosides ane froquently
considered to be “pharmacophons” for Gal-3 binding [67,68], On the other hand, some
reports suggested that the presence of non-esterified HG regions (that transiated to high
content of glacturonic acid) was necessary for the anticancer activity of pectins [25,29,69].
This apparent discrepancy was explained by realizing that both the RG 1/HG backbone and
the galactan /arabinan side chains were engaged in the anticancer activity of pectins [12].
The requirement for the correct RG 1/ HEG ratio and the co-operation of both regions was
also noticed [01]. Zhang et al. |69] proposed that the interaction of HG with RG 1 forced
the correct spatial arrangement of the pectin molecule in which binding epitopes for Gal-3
(containing galactose and arabinose residues) were exposed. The right proportion be-
tween HG and BG 1 regions and their three-dimensional arrangement seemed also to be
the factor explaining the observed differences in activity between the three apple pectins.
Although PX contained the highest proportion of branched regions, it was not the most
active anticancer compound. Thie obstacke might be its high molecular mass; such a large
molecule was likely to adopt a conformation in which arabinogalactan side chains would
be covered and protected from the binding with Gal-3, PCX, which was characterized by
the lowest molecular mass, exhibited the superior antiproliferative activity that led us o
thie conclusion that the co-operation between both endo-xylanase and endo-cellulase was
needed to obtain the molecule of the most beneficial properties, An interesting observation
was recenitly made in the study on pectins isolated from papava fruit at different stages
of ripening process [65]. 1t was shown that the activity of natural plant enzymes, such
as polygalacturonases and f-galactosidases, produced during ripening and causing the
solubilization of cell walls and fruit softening, resulted in the pectin preparation with potent
antiproliferative activity towards colon cancer cells HCT 116 and HT-29 and high potency
for Gal-3 binding. This suggests that using natural, plant, fungal or microbial enzymes
may constitute a promising direction in the development of pectin extraction methods.

4. Materials and Methods
4.1. Chemricals

SMN-38 (7-ethyl-10-hydroxy-camptothecin), an active metabolite of irinotecan, was a
product of Sigma-Aldrich (Poznan, Poland), Stock solution of SN-38 was prepared in
dimethyl sulfoxide (DMS0) and stored at —20 °C. Stock solutions of pectins were prepaned
at a concentration of 10mg/mL in double-distilled water. Stock solutions were diluted in a
culture medium just before the experiments.
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4.2, Pevtin lsolinkion

Macromolecular apple pectin was extracted from dried apple pomace using endo-
cellulase fendo--1 4-glucanase, BC 3.2.1 4, Sigma-Aldrich, Poenan, Poland} and endo-sylanase
(endo-§i-1 4-xylanase, EC 3,218, Sigma-Aldrich, Peeznan, Poland) produced by filamentous
fungus Trichoderma oiridi, [solation was performed with 50 U of eneyvme per 1 g of pomace, at
pH 5.0, in 40 °C, for 10 h, acconding to the method described by Wikiera ot al. [15]. Briefly,
dried and ground apple was treated by the appropriate eneyme for 10h in conditions of pH
500 at 40 "C with constant shaking. After the extraction, the samples were cooled down in
20 °C and centrifuged. Next, cold %% ethanol (4 °C) was added to the supematants to the
final concentration of 707 The precipitated pectin was collected by centrifugation, washed
with 70 ethanol, centrifuged again and the pellets were dried at 60 “C for 24 h until the
corstant wieight was achivved. The resulting pectins were ground (o a partiche passing through
a B0-miesh screen (10,251 mm). The subsequent characterization of the obtained pecting yielded
the following parameters [15]. Molecular mass of FX was 899 kDa, galacturonic acid content
wias 61.1%, degree of methylation was 73.4%, and neutral sugars content was 29.8%, PCX
molecules were smaller (molecular mass of 419 KDa), kess methylated (56.1%) contained mone
galacturonic acid (74.7%), and less neutral sugars (17.9%),

4.3, Cell Culture

The studies were performed on human colon cancer cell lines: HT-29, HCT 116,
Caco-2 and FHC, obtained from ATCC collection. The cells were cultured in medium
DMEM-F12 {PAA) supplemented with 1% antibiotics (10,000 g/ mL streptomycin and
10000 units /ml. penicilling Sigma-Aldrich (Poenan, Poland) and fetal bovine serum (FBS;
Eurx). The concentration of FBS in medium was 10% for HCT 116, HT-29, and FHC cells,
and 2% for Caco-2 cells. Moreover, DMEM-F12 for Caco-2 cells contained non-essential
aming ackd solution (1= ) (Sigma-Aldrich, Poznan, Paland). The medium for FHC cell line
was additionally supplemented with 0,005 mg/mL transferrin, 100 ng/mlL hydrocorti-
sone, 20 ng/mL human recombinant EGE. The cells were cultivated at 37 “C in a humid-
ified atmosphere with 5% COy, under standard conditions, The medium was changed
twihoe a week. Confluent cultures were passaged using 0.25% trypsin, All experimental
procedures were carried out in the log-phase of cell growth,

4.4, Cell Viabitity Assay

Cells were seeded on 96-well plates (150,000 cells/mlL) 24 h before the experiment.
Then, the medium was removed, and a fresh medium containing studied pectins (FX or
PCX) in the concentration of 0.05; 0.1; 0.2; or 0.5 mg/ mL was added. In the experiments
in which the combination of pectin and SN-38 was used, the concentration of PX or 'CX
was 0.2 mg/ml, whereas the concentration of the drug was 5 nM. The appropriate control
containing DMSO in fresh medium was also prepared. The plates were incubated for
48 hat 37 °C in a humidified atmosphene with 5% COy. Cell viability was assessed using
MTT (34 5-dimethylthiazol-2-y1)-2 5-diphenyltetrazolium bromide) method, as deseribed
previously [20]. In general, the assay is based on the reduction of a yellow tetrazolium salt
(MTT) to purple formazan crystals by metabolically active cells. The absorbance of the
final product was read at 570 nm using a microplale reader. Survival rate was expressed as
the percentage of cell survival and calculated from the atio {Aszg of treated cells/ Aszy of
control cells) = 100%. The experiments wene repeated three times.

The sulforhodamine B (SRB) assay [70] was modified and used for estimation of
cytotexic properties of the studied compounds. Cells were seeded (60.000/ well) onto
6-well plates with the compounds: pectins or SN-38, used alone or in combination in
the appropriate concentrations. DMSO concentration in the samples did not exceed 0.5%.
The plates were incubated for 48 b at 37 °C. Subsequently, 50% cold trichloroacetic actd
was added. After incubation for 60 min at 4 °C, cells wene washed with tap water and
stained with 0.4% sulforhodamine B (Sigma-Aldrich, Poenan, Poland) for 30 min at room
temperature. The dye was removed by washing under 1% acetic acid. Then, the plates wene
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dried, and 10 mmal/ L Tris {(pH = 10.5) was added to each well. Protein concentration was
estimated from the measurements of absorbance at 491 nm. Survival rate was expressed as
thie percentage of cell survival and caloulated from the ratio (A of treated cells/ Age; of
control cells) « 100%. The experiments were repeated thres times.

4.5, [sobalographic Amlysis

The combination indes (CT) was caloulated using CompuSym softwarne (ComboSyn Inc,
Paramus, NJ, USA) according to the classic median-effect Equation (1), as was previously
described by [23].

i ) 3
Cl D). * [, (n

In the Equation (1), (Dx)y is the dose of drug 1 alone that inhibits a system by x%, (D)
is the dose of drug 2 alone that inhibits a system by %%, and (D) + (D) are the doses of
drug 1 and 2 in combination that also inhibit a system by x%. CI values below 1 represent
synergiem, Clvalue equal to 1 indicates additive effect {Le., no interaction), and C1 values
above 1 paint o antagonism.

Combenefit is a software tool that enables the visualization, analysis, and quantifica-
thom of substance combination effects [24], Data taken from MTT assays of pectinadrug com-
binations were processed using classical Highest Single Agent (HSA) synergy model [25].

4.6, Flow Cyfometoy

In order to study ccll cycle, an apoptosis and intracellular level of reactive oxygen
species (ROS) low cytometry method was implemented, The cells (150,000 cells/mL)
were seeded onto 12-well plates 24 h before the experiment. Then, the medium was
removed, and a fresh moedium contalning pectin (PX or POX) at the concentration of
0.2 myg /L with or without SN-35 at the concentration of 5 nM was added. The appropriate
control containing DMSO in fresh medium was also prepared. The cells were incubated
for the next 48 h at 37 "C. Further procedurnes was carried out as described previously [20].
Briefly, the cells were harvested and contrifuged (235 g, 3 min, room temperature). The
apoptosis wias investigated using an Annexin-V apoptosis assay (BioLegend, San Diego, CA,
USA). To study cell cycle, the cells wene fixed with hypotonic buffer containing propidium
foclbche (P1) ot 100 pg /el in PBS; 5 mg/L of citric acid; 19 Triton-X solution; RNase
100 pg/mL in PES (Sigma-Abdrich, Poenan, Foland). The level of ROS was measured
using a cell-permeable non-Auorescent probe, 27,7 -dichlorofiuorescin diacetate (DCFH-DA,
Sigma-Aldrich, Poenan, Poland), which undergoes hydrolysis by cellular esterases into its
patar form DCFH. Due to the intracellular BOS and other peroxddes oxddation process takes
place and DCFH tums into highly fluorescent compound 277 <dichlorofluomescein (DCF).
Cytometric analyses were performed using an Aria [T fow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA) with FITC configuration (488 nm excitation; emission: LP mirror
503, B filter 530/30) or with I'E configuration (547 nm excitation; emission: 585 nm), and
at least 10,000 cells were counted. All experiments wene performed in triplicate.

4.7. Casparse-3 Actimity

The activity of caspase-3 was analyzed using a commercially available kit (GenScript
Biotech, Leiden, the Netherlands), according to the manufacturer’s protocol. Cells wene
seeded (800,000 cells /well) onto a 6-well plate in 2 mL of medium and incubated for 24 h
at 37 “C. Then, the medium was removed, and a fresh medium containing pectin (PX or
PCX) at concentration of 0.2 mg,/mL with or without SN-38 at 5 nM was added. Control
wells contained the cancer cells in fresh medium with DMSO. The cells were incubated for
the next 48 h {at 37 “C), then scraped and centrifuged (2000 ¢, 5 min; 25 “CL A further
procedure was carried out as described previcusly [20], In general, the assay based on the
spectrophotometric detection of chromophore p-nitroaniline (pNAJ (at 405 nm) released
by caspase-3 from the labeled substrate DEVD-pNA. The relative increase of caspase-3
activity was determined by caloulating the ratio of the absorbance of pMA in the studied
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sample (treated with the compound} to the control (with no compound). Experiments wene
performed in triplicate.
4.5. MDA Content

The level of malondialdehyde (MDA}, a product of lipid peroxidation which is a
bislogical marker of oxidative stress, was analvieed using Lipid Peroxadation (MDA) Assay
Kit (Abeam /Symbios, Straszyn, Poland), according to the manufacturer's instructions with
minor modifications, Cells were seeded (800,000 cells /well) onto a -well plate in 2 mL
of medium and incubated for 24 h at 37 “C. Then, the medium was removed, and a fresh
madium containing pectin (FX or PCX) at concentration of 0.2 mg/mL with or without
SN-38 at 5 nM was added. The cells were incubated for next 48 b (37 “C). After ncubation,
the cells were harvested and washed with PBS. The pellet of cells was suspended in Lysis
Salution containing MDA Lysis Buffer and butylated hydroxytoluene (BHT). The cells
wiere homogenized on ice and then centrifuged (13,000 g, 10 min) to remove inseluble
material. In order to generate MDA-TBA adducts, supermatant was mixed with tiobarbituric
acid (TBA) and incubated for 60 min at 95 “C. Then, the samples wene cooled to room
temperatune and added into a 96-well microplate for analysis, A microplate reader was
used 1o measure the absorbance at 532 nm. In erder to determine MDA concentration in
the samples, a standard curve was waed.

4.9, Enzyme-Linked Inmmmoserben! Assay (ELISA)

The enzyme-linked immunosorbent assay (ELISA) method was used to detect and
quantify cyclooxygenase-2 (COX-2}, interleuking (IL=6), toll-like receptor 4 (TLR4),
and Gal-3. First, the cells (HT-29, HCT 116 or Caco-2) were seeded in 96-well plates
(150,000 cells/mL). In order to stimulate immunie response lipopolysaccharide (LPS;
trinitrophenol-lipopolysaccharide from E. colf O111:34, Sigma-Aldrich, Poenan, Poland)
in the concentration of 5 uM was added o each well 24 h before the experiment. This step
was omitted in case of Gal-3 assay. Next, the cells were treated by the studied pectins at
the concentration of 0.2 mg/mL for 48 h. [L-6, COX-2, TLR4, and Gal-3 were detected
in cancer cells culture lysates using JL-6 Human ELISA Kit (ThermoFisher Sclentific,
Waltham, MA, USA), Human COX-2 ELISA Kit (Sigma-Aldrich, Poznan, Poland), Human
TLR-4 ELISA Kit {Sigma-Aldrich, Foznan, Poland}, and Human Galectin-3 ELISA Kit
(Sigma-Aldrich, Poenan, Poland), respectively. The studies were performed acconding to
the manufacturer's instructions. All experiments on the detection and quantification of
selected proteins were repeated three times,

4.10. Adhererice Assay

The adherence of bacteria cells to colon cancer cells in the presence of pectins, PX or
PCX, was investigated as previously described [20]. An adherent-invasive strain of E. coli
(LFB2) isolated from a patient with Crohn's disease was kindly provided by Dr. Arlette
Darfeullle-Michaud (Université d’ Auvergoe, France), HCT 116 cells waere infected with
E. coli and incubated with PX or PCX in concentrations of 0,125, 0.25, and 0.5 mg/mlL.
Cells untreated with pectins and infected with bacteria constituted a positive control. After
2 h af incubation (37 °C, 5% CO4), the cells were washed with PBS and lvsed with 0.1%
Triton X-100. Serial dilutions of bacterial lysates wene plated onto nutrient agar and incu-
bated overnight at 37 °C to count bacterial colonies (CFU), The experiment was nepeated
thiree times in duplicate, The results ane presented as the percentage of £ colf adhering to
untreated cells, with negative control established to be 1005,

Adhesion images were tmken under a light microscope after Wright-Giemsa staining.
HCT 116 cells were cultured on shides in the wells of a 24-well plate. After 2 h of adherence
experimentation, HCT 116 cells were washed and fixed with formaldehyde in the concen-
tration of 4% (10 min, room temperatune). Then, formaldehyde was washed off and the
cells were stained with Wright-Giemsa for 30 min. The dye was rinsed off, and the slidies
wiere dried and inspected under a microscope,
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411, Statistical Analysis

Thie values of measured parmmeters were presenied as the means -+ standard deviation
(50 from three independent experiments. The stabistical significance was determined by
Student f-test ([L05 as threshold value) with the use of Statistica 10 software,

5. Conclusions

Summing up, the antiproliferative, proapoptotic, and anti-inflammatory propertics
of enzymatically extracted apple pectins were demonstrated in colon cancer cells. Addi-
tionally, the synergy between pectin and SN-38 was discovered. The interaction of the
apple pectins with Gal-3 and TLR4 was the molecular mechanism for their anticancer
and anti-inflammatory effect. It was concluded that the relatively low molecular mass of
PCX together with the relatively high proportion of RG | regions gave this pectin superior
anticanoer activity.

Supplementary Materials: The following are avallable online at https: (Swwwmad poooom Jarticle
113390/ ph] 3060732 /51, Figure 51: SRB cytotoxicity assay of pecting in HCT 116 (A), Caco-2 (C),
HT-29 cells (E), and 0.2 mg/mL pectins in combination with SN-38 {(B,D,F) for HCT 116, Caco-2,
and HT-29 cells, respectively), incubation time 48 h. Figune 53 MTT cytotoxicity sssay of pectins at
2 mg /mbin FHC cells. Incubation time was 48 h, Figure 53 Cell cycle-dependent DINA content
i HOT 116 (A) and Caco-2 (B). cells treated with 0.2 mg/ml. of pectins and for SN-38 for 48 b
Figure 548 The proportion of normal, apoptolic, and necrotic odl populations as recorded by annesin
V apoptosis assay in HOT 116 (A) and Caco-2 (B) cells treated with pectins (0.2 mg,/mL) and/or
SN-38 for 48 h. Figure 55: Lipid peroxidation (A,C) and ROS level (B,D) in HCT 116 (A.B) and
Caco-2 (C.D) cells incated with 0.2 mg/mL pectins and Sor 5 nM SN-38 for 48 he Figure S Amount
af CON-2 (A.C) and IL-6 (B0 in HCT 136 (A, B) and Caco-2 (C,D) colls treated with 02 mg/ml.
pecting and for 0.5 ph LIS (cells were pretreated with LPS for 24 b and then incubated with pectins
for 48 h). Figure 570 Amount of Gal-3 in HCT 116 (A) and Caco-2 (B) cells treated with 0.2 mg/mL

pectins for 48 h.
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Simple Summary: Colorectal cancer (CRC) is the second cause of cancer death worldwide. Ininotecan
is-a drug widely used in CRC treatment. Unfortunately, colonic bacteria decompose the metabolite of
Irinotrcan back to the active form of the drug resulting in sevens side-effects of the treatment, such as
diarrhea. The present work demaonstrated that new apple pectin (I'C) enhanced cytostatic action

Merwly (Retained Apple Dectin as an
At Iriwcstesan Thewapy s
Colovotal Candor Baduning £ ol
Agiberenew sml (-Lluummiiles
Acwvety. Cancrrs 2031, | ), 252
Tt sl g T
camorrs | NIRRT

Acadern Fadisor [sishis Keiamanon

Eacwivad 30 Aprdl 2021
Accrptrd:  June 3101
Pullisbesl. 17 o 3071

Prabilishan's Note: ST stays newtral
with: regand i porsdicnonal claims in

| g and P
[

Copyright; © MN2I by the athor
Lo MDY Topsl. Switeerland
This article i 2 oprn scorss siticle
listributed ursher e Worms and
swndissy ol B Creative Limnmams
Admriltion (00 BY) lioense (haips
T 1 e by
sy

of i and, at the same ime, reduced the activity of bacterial enzymes responsible for the
appearance of side-effects in patients. Thus, novel pectin PC constitubes a promising candidate for an
adjunct to irinotecan therapy that might alleviate its side-eifects, incroasing its therapeutic efficacy.

Abstract: Colorectal cancer (CRC) s the second cause of cancer death worldwide The composi-
tion and enrymatic activity of colonie microbliota can significantly affect the effectiveness of CRC
chemotherapy. Irinptecan is a drug widely used to treat colon cancer, However, the transformation
of a drug-glucuronide (5-380) back to its active form (SN-38) by bacterial f-glucuronidase (GUS)
constitutes e primary reason for the observed intestinal toxicity of irnotecan. It was demonstraled
that novel eneymatically extractod apple pectin (PC) might be a promising candidate: for an adjunct
s rinotecan therapy. PC isell reduced the viability of HCT 116 and Caco-2 colorectal cancer cells,
incluced apoptosis, and increased intracetlular reactive oxygen species production. Moreover, PC en-
hanced the cytotoxic and proapoptotic effect of irnotecan (at concentrations below its [0}, be.,
symengistic effect was recordied. Additionally, PC exhibibed polent anti-inflammatory properties and
prevented adhesion of prototype adherent-invasive E. cali (ATEC) LFS2 strain and laboratory K-120000
sirain to colon cancer cells. I'C was also identified to be an effective inhibitor of bactertal GUS activity
Altogether, novel apple pectin was identified as a promising candidate for a supplement to irinotican
therapy that might alleviate its side-cffects via inhibition of bacterial GUS and thus increasing its
therapeutic elficacy.

Keywards: colon cancer; pecting irinotecan; apoptosts; inflammation; E. anlf; bacterial bglucuronidase:
side-effects alleviation

1. Introduction

Colorectal cancer (CRC) takes the third position amang the maost frequently occurring
cancers worldwide [1]. As reported by International Agency for Cancer Research of the

Clancres 2020, 13, 2952, hivps: /ol org /10,3390 cancen ] 122952
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World Health Organization (WHO) in 2020 more than 1.9 million new CRC cases were
diagnosid and over 900,000 deaths were recorded [1]. In the great majority, CRC appears
as a sporadic disease, typically diagnosed in patients over 50 and usually linked to envi-
ronmental factors, such as western-type diet rich in red meat, fat, and sugar [2]. About 10%
of CRC cases develop due to inherited syndromies, such as familial adenomatous polyposis
and Lynch syndrome [2]. Morcover, the higher risk of CRC has been observed in patients
with inflammatory bowel disease, such as ulcerative colitis and Crohn's disease [3], Lo-
cal inflammation may modulate the pathogenesis of CRC, mostly via the comples network
of inflammation mediators, such as cytokines, produced both by cancer colls themselves
and by various types of cells constituting tumor microenvironment [4].  Additionally,
the progression of CRC can be influenced by colonic microbiota [5.6] that is altered in
cancer patients as compared to the healthy subjects [74], The microbiota was also shown
to modulate the response of tumor cells W chemaotherapy [9,10]

The treatment options of CRC depend on the stage of disease. For locally advanced
colon or rectal tumors concomitant combination of surgery and chemotherapy is recom-
mended, while in metastatic CRC, chemotherapy appears to be preferable [11]. Irinote-
can is a derivative of an alkaloid, camptothecin. Irinotecan hydrolysis by patients” car-
boscylesterases yhelds its active form, SN-38, an inhibitor of topoisomerase [ [12], This drug
5 a common component of cytotoxic combinations recommended as a treatment for CRC
patients, such as FOLFIR] (Muorouracil, leucovorin, and irinotecan) or FOLFOXIRI (Auo-
rouracil, levoovorin, oxaliptatin, and irmotecan) [13,14]. Common side-effects of ininotecan
include diarrhea, nausea, and vomiting [15,06]. SN-38 s metabolized via glucuronida-
tion in the liver to irinotecan glucuronide (SN-38G) that enters the small intestine via
biliary excretion [17], Unfortanately, bacteria n the colon produce f-glucuronidase (GUS)
that decomposes SN-380G back to its active form (SN-38), which is toxic for intestinal
epithelium [ 18], causing the adverse effects of chemotherapy.

Pectin constitutes a significant component of dictary fiber. This structural acidic
heteropolysaccharide is o component of plant cell walls [19]. The basic structural skeleton
of pectin is a linear polymer of galacturonic acld (GalUA). In native pectin molecule,
some distinct structural regions ane present. In rhamnogalacturenan 1 {RG 1), the backbone
consists of repeating dimers of GalUA and rhamnose, and is substituted with side chains
composid of galactose and arabinose. Sidechaing of rhamnogalacturonan [T {RG 1) contain
atypical, rare monosaccharides, including L-fucose, apiose, and acids: aceric, glucuronic,
ketodeoxyoctonic (KDOY, and 3-deoxy-lyxo-2-heplulopyranosylaric (DHA), Structural
differénces may depend on the plant source of the polysaccharide. Commercially available
pectins are usually prepared from citrus peels or apple pomace by hot acid extraction [20].
Pectins extracted using this method are, in comparison with the native molecule, depleted
in RG 1 and RG 11 that are considered to be crucial for prebiotic, immunomodulatory,
and anticancer potency of pecting [211,22]. Recently, Wikiera et al. [23] developed an effective
methed for enzymatic isolation of apple pecting using limited doses of endo-cellulase and
endo-sylanase. This procedure protects native molecules, especially its neutral sugars
that are not damaged during isolation [23). Pectin studied in the present work (PC) was
emeymatically extracted from apple pomace using endo-cellulase from filamentous fungus
Trichaderma viride. Its detailed structure was previously described [23], and its biological
propertics were partially characterized [24]

In the present work, we studied the influence of encevmatically obtained pectin, PC,
on colon cancer cells and compared its properties to commiercially available modified
citrus pectin, SolC, It was assumed that PC is going to exhibit intrinsic anticancer activity.
Next, due to presumed anticancer properties of PC, the enhancement of the anticancer
activity of irinotecan (i.e., synergistic effect) was expected when the drug would be ap-
plied together with PC. Additionally, considering the crucial rale of colonic microbiota
in causing irinotecan-induced diarrhea, we supposed that enzymatically obtained pectin
might alleviate side-effects of innotecan both via inhibition of bacterial GUS in the colon or
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providing an additional substrate for the eneyme. The results presented below confirmed
all of the above hivpothesss.

2. Materials and Methods
L1, Chemicals

SN-38 (T-ethyl-10-hydroxy-camptothecin), an active metabolite of irinotecan, was from
Sigma-Aldrich (Poenan, Poland). PectaSol-C (SolC) low molecular weight modified citres
pectin with a documented antiturnor activity |25] was purchased from ecoMNugenics (Santa
Rosa, C, LSA). Stock solutions of pectins were prepared at a concentration of 10 mg/ml in
double-distilled water. About 50 mM stock solution of 5438 was prepared in dimethyl
sulfoxide (DMSO) and stored at 20 “C. Stock solutions were diluted in a culture medium

just before the experiments.

2.2, Pectin [solation

Macromolecular apple pectin was extracted from dried apple pomace using cellulase
(endo-fi-14-glucanase, EC 3.2.1.4) produced by Alamentous fungus Trichoderma viride
(Sigma-Aldrich, Poenan, Poland, Cat. No. C%M22). Isolation was performed with 50 U
enzyme per 1 g of pomace, at pH 5.0, in 40 °C, for 10 h, according to a method described
by Wikiera et al. 2016 [23]. The detailed characteristics of the obtained pectin ane presented
in the previous works [23,24].

2.3, Cell Culturre

Thie experiments were performied on this human colon cancer cell lines HCT=116 and
Caco-2 {obtained from ATOC collection). The cells were cultivated in medium DMEM-FI12
{PAA) supplemented with fetal bovine serum (10% FBS for HCT 116 and 200% for Caco-2;
Eurx) and 1% antibiotics (10,000 wg/mlL streptomycin and 10,000 units /mL penicilling
Sigma-Aldrich (Poznan, Poland), at 37 °C in a humidified atmosphere with 5% COy, un-
der standard conditions. In addition, the medium for Caco-2 cells contained non-essential
amino acid solution (1) (Sigma-Aldrich, Poeman, Poland). The medium was changed
twice 8 week. Confluent cultures were passaged using 0.25% trypsin. All experimental
procedunes were carried out in the log-phase of cell growth.

2.4, Cell Viability Assay

SRB assay. The sulforhodamine B (SRE, Sigma-Aldrich, Poznan, Poland) assay was
performed, as previously described [26], with modifications. Briefly, 15,000 cells were
seeded in 96-well plates and allowed for a 24-h attachment period (at 37 "C). Then, the cells
weni treated with the studied pectins (0005-0.5 mg /ml. with or without 5 nM 5N-38) for
45 h. Control wells only contained medium. The further procedure was carried out as
previously described [27]. Cytotoxicity of DMSO o the cells was found to be negligible.
All experiments were repeated three timaes,

MTT assay. Cells wene seeded on S6-well plates in the conoentration of 150,000 cells,/m1-
About 24 h later, the medium was removed, and a fresh medium containing tested pectins
(0.05-0.5 mg /mL with or without 5 nM SN-38) was added. The control wells contained
DMSO diluted ina medium, The plates were incubated for 48 b at 37 °C in a humidified
atmosphere with 5% COs. Then, the medium was removed, and cells were washed with
physiological saline (1 » PBS; Sigma-Aldrich, Poznan, Poland). In the next step of the
experiment MTT (3-(4,5-dimethylthiazol-2-y1)-2, 5-dipheny ltetrazolium bromide) in the
concentration of 0.5 mg/mL (diluted in RPMI 1640 without phenol red; Sigma-Aldrich,
Pognan, Potand) was added toeach well. The plates were incubated for at least 2 hvielding,
purple MTT formazan erystals in the wells. The incubation with MTT was followed by the
dissolution of crystals in the mixture of addic iscpropanol (Ssopropanol:HCL v/o 1004).
The absorbance of the obtained product was read at 570 nm using a microplate reader.
Survival rate was expressed as the percentage of cell survival and calculated from the
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rati {Asm of treated cells £ Asy of control cells) = 100K%, The experiments were repeated
three timmes.

1.5, Ispbolographic Amalysis

By the CompuSyn softwane (ComboSyn Inc., Paramus, N, USA) according to the
classic median-effect equation, as described by Chou and Martin, the combination index
(1) valwes were caleulated [28).

) .0
B}y (Dxly
whene: (D) i the dose of drug 1 alone that inhibits a system by €%, (D i the dose of
drug 2 alone that inhibits a system by x™%, and (D) + (D29; ane the doses of drug 1 and
in combination that also inhibit a system by x%. Cl values below 1 rep symergi
Cl values equal o 1 indicate additive effect (Le, no interaction), and CI values above
| point to antagonism.

0w m

2.6, Flow Cytometry Amalysis

In order to study the cell cycle, apoptosis, and intracellular level of reactive oxygen
species (ROS), llow cytometry was applicd. In these studies, the cells in concentration
150,000 cells /mL were seeded onto 12-well plates 24 h before the experiment.  Then,
the medium was reroved, and a fresh medium containing the compounds (0.2 mg/mi.
pectins with or without 5 nM 5N-38) was added. The plates were incubated for 48 hat
37 °C in a humidified atmosphere with 5% CO;.

The apoptosis was investigated using an Annexin=V apopiosis assay (BioLegend,
San Diego, CA, USA] and propidium lodide (PI) solution (100 ug/mL; Sigma-Aldrich,
Poznan, Poland), The cells were collected and centrifuged for 3 min at 235x g After super-
natant removal, the cells were washed with PBS and centrifuged once again. In the next
step, thie pelliet of cells was suspended in cold Annexin-V binding buffer and stalned with
FITC-labeled Annexin-V and P1in the dark for 20 min at 37 “C. After this time, the final
volume of Annexin-V binding bufier was added to the samples,

In order to analyae the cell cycle, collected cells were centrifuged for 3 man at 235x ¢
{room temperatune). After supernatant removal the cells were fxed with hypotonie buffer
containing P1 100 ug/mL in PBS; 5 mg/1 of citric acid: 19 Triton-X solution; KNase 100 ug/ml.
in PBS. The samples wene incubated for 20 min (room temperature) in the dark and then
stored on joe till they wen: measuned.

The bevel of ROS in the cells treated with studied compounds was quantified using
2" 7 dichlorofluorescein diacetate (DCFH-DA, Sigma-Aldrich, Ponan, Poland), a cell-
permeable fluorogenic probe. The experiments were performed after 72 h of incubation
with given compounds. The cells wene harvested and contrifuged, washed with PBS,
and centrifuged again. The pellet was resuspended in a culture medium and a cell-

e pon-Mluorescent probe 2,7 -dichlorofluorescein diacetate (DCFH-DA, Sigma-
Aldrich, Poznan, Poland) in a final concentration of 30 uM was added. The samples
wene incubated in darkness for 30 min at 37 "C and then stored on ice tll they wene
measured, DCFH-DA is hydmlyzed by cellular esterases into its polar form DCFH. De to
the intracellular ROS and other peroxides DUFH undergoes oxidation and turns into highly
a Muorescent form 27,7 -dichlorofluorescein (DCF).

Cytometric analyses wene performed immediately using an Aria 111 flow cytometer
(Becton Dickinson, Franklin Lakes, NI, USA) with the FITC configuration (485 nm excitation;
emissipn: LP mirror 503, B filter 530,/340) or PE configuration (47 nm excitation; emission:
585 nm) and at least 10,000 cells were counted,

2.7, Casparse-3 Activation Assey
The activity of caspase-3 was analyred using a commencially available kit (GenScript
Riotech, Leiden, the Netherlands), Cells woene seeded (800,000 cells /well) onto a ewel] plate
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in 2 ml of mediom and incubated for 24 hat 37 “C. Then, the cells were treated with PCor
SolC alone (at 0.2 mg/ mL), and in combination with S5-38 {5 nM). After incubation with
studied compounds for 48 h cells were scraped and centrifuged (2000 g, 5 min, 25 °C).
After cell lysis, spectrophotametric detection {(Ayps) of the chromophore penitroanilide
(pNA) was used to measune caspase-3 activity. The relative increase of caspase-3 activity
was determined by calculating the ratio of the absorbance of pNA in the studied sample
(treated with the compound) to the control (with no compound).  Experiments wene
performed in triplicate.

2.8, Erczyme-Linked [mansimosorbent Assay (ELISA)
HCT 116 cells were seeded in 96-well plates in the concentration of 150,000 cells/mL.

The colorectal cancer cells were treated with 5 uM of lipopolysaccharide (LPS; trinitropheniol-

lipopolysaccharide from E. coli O111:B4, Sigma-Aldrich, Paznan, Poland) added at the time
of seeding. A fresh medium containing the compounds (0.2 mg/mL) was added after 24 h
After incubation with the studied compounds for 48 b interleukin 6 (TL-6) and cyclooxy-
genase 2 (COX-2) in the cancer cell culture lysates were quantified using ELISA (Human
COX-2 ELISA Kit; Sigma-Aldrich, Pognan, Poland; IL-6 Human ELISA Kit-ThermoFisher
Scientific, Waltham, MA, USA). ELISA was performed acconding to the manufacturer’s
instructions. Each plate test was repeated three times.

2.9, E. coli Sirains

Teests were performed on two reference strains. A prototype adherent-invasive £ coli
{AIEC) LF82 (O83: H1) strain, kindly provided by Dr. Arlette Darfeuille-Michaud, Univer-
sité d’ Auvergne, France, and laboratory E. coli K-12¢0 strain, E, coli strains were routinely
cultured overnight in Luria broth (LB} with shaking at 37 “C,

210, Adberence Asdmy

Crvermight E. coli cultures in LB medium were harvested and suspended in PBS o the
optical density & x 10° CFU/mL established spectrophotometrically at 600 nm. HCT 116.0r
Caco-2 cells were washed three Himes with pre-warmied PBS, and 200 uL of pectin solutions
in P'BS at concentrations 0.125, 0.25, and 0.5 mg,/ml. were added 1o the cells following
200 pL of E. colf suspensions. Cells untreated with pectins and infected with E, coli served
as a positive control, Then the cells were incubated for two hours at 37 °C in a humid
atmospheere with 5% CO5. At 2 h post-infection, cells were washed three mes with PBS
and Bysed with 0.1% Triton X-100. Serial dilutions of bacterial lysates were plated onto
nutrient agar and incubated overnight at 37 °C to count bacterial colonics (CFU). The assay
was repeated three times in duplicate. The results are presented as the f tage of E. coli
adbhering to cells concerning negative control established to be 100%.

Wright-Ciemsa staining. Intestinal epithelial cells wene cultuned on slides in the wells
of a 24-well plate. After 2 b of E. coli adherence with the epithelial cells, the cells were
wished three times and fixed with 4% formaldehyde for 10 min at room emperature.
After washing off the formaldehyde, cells were stained with Wright-Giemsa for 30 min.
The dye was rinsed off, and the slides were dried. Adhesion images wene taken under a
light microscope at 100 = magnification.

111, E. coli Proliferation

The impact of apple pectins on E. colf proliferation was assessed by mixing 75 ul. of
E. coli suspensions in PBS at the optical density 6 = 10° CFU/mL obtained from ovemnight
cultures in LB with the equal volumes of pectins solutions in PBS at concentrations 0125,
0.25, and 0.5 mg/ml. According to the adherence assay, the plate was incubated for two
hours at 37 °C inan atmosphere with 5% CO4. The proliferation of E. coli was measured
spectrophotometrically at 600 nm and compared 1o the growth of E. cali at time 2ero
establizhed tobe 100,
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212 p-Glucuronidase (GUS) Achivity Asay

Chvernight E. eali LFE2 and K-12p0 cultures in 3 mL. of tryptic soy broth (T58) wene
supplemented with 0.3 uM 4-nitropheny] B-D-glacuronide (PNPC; Sigma-Aldrich, Poenan,
Poland) ome hour before the end of the incubation to induce GUS synthesis. Then, the cul-
tures werne centrifuged (16,000 g 10 min; 4 “C). Bacterial cell pellets were washed twice
in cold 100 mM sodium phosphate buffer (pH 6.8), followed by suspension in 1 mL of cold
phosphate buffer, and mixing with 0.1 mm silica glass beads. The ples were then beate
in Bead Bug TM microtube homogenizer five tines for 30 sec each, with 30-sec incubations
on ice in between, The tubes were centrifuged for 10 min, 16,000 < g at 4 *C, and bacterial
extracts were collected and stored on fee. Bacterial extracts wone prewarmied at 37 °C,
and samples of 75 pl. were mived in microtitrate plate with prewanmed equal volumes of
the 10 mM PNPC in phosphate buffer. The yellow &-nitrophenol preduct was recorded
in a spectrophotometer after 60 min of incubation at 37 “Cat 405 nm. The 4-nitrophenol
concentration wis determined from a standand curve according to Adch et al. [24]. Protein
concentrations in bacterial extracts were determined with a bicinchoninie acid kit (Pherce,
Waltham, MA, USA). GUS activity was calculated as follows: 4-nitrophenol concentra-
thon/ 100 mg/ mL protetn = 60 min, The efect of pectins SolC and PC an E. coli GUS activily
was assayved as described above. SolC and PC solutions in PBS at final concentrations of
0.25, .5, and 0.7 mg/mL were mixed with an appropriate amount of E. coli lysates and
10 mM PNPG in the wells of a 96-well plate and incubated at 37 “C for 18 h,

213, Stalistical Annbysrs

All of the experiments were repeated three times. Data represent the mean + standard
deviation (S0 of at least three replications. The Student’s -test was applied and p-values
less than 005 were considered to achieve statistical significance,

3. Results
1. Anticancer Activity of Pecting
311 Cytotoxicity of Pectins

The influence of two pectins on colon cancer cell viability was assessed. Commer-
cially available pectin PectaSol-C (50lC) was compared to PC that had been eneymatically
extracted from apple pomace using endo-cellulase. SolC is derived from water-insoluble
citrus pectin modified by pH/temperature treatment to increass its water solubility and
anticancer properties [25].

Baoth pecting were revealed to possess anticancer activity against human colorectal
carcinoma HCT 116 cells (Figuee 1AB), as shown by the results of SRB as well as MTT
aszays. In both types of assays, PC exhibibed significantly greater cytotoxic activity as
compared to SolC (p < 005 for all concentrations tested), I valees obtained for PC were
0.098 £ 0.011 mg,/ml and 0.103 + 0.014 mg/mL for SRE and MTT assay, respectively.
In the case of SolC, the SRB assay yielded an 105 value of 0590 £ 0.019 mg/mL, whereas
the MTT assay gave [Csp equal to 0640 £ 0018 mg ml.. The appearance of HCT 116 cells
culiures treated with 0.2 mg/mL of pectins is presented in Figure 1E.
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Figure 1. SEB (A) and MTT (B) cvtotoxicity assay of pectins and 0.2 mg/mL pectins in combination with SN-38 (C.ID) for
SRE and MTT, respectively) in HCT 116 cells {(incubation time 48 h). Light microscopy images (magnification 10 ) of HCT
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104 ceells (E) treated with pectins (0.2 migSml) and /o 5 b SN-38 The maesans of three experiments £ SD ane presented
(* p = 005}, Statistical significance was checked betwesn the studied probes and controls ino pecting and befween probes
containing only pectin and pectin combined with SN-38. In panels A and B all measarements were significantly different
from thie controd {not marked on the graph for the sake of clarity ).

Cytotoxic activity of the studied pectins was also studied in human eolorectal ade-
nocarcinoma cells Caco-2 (Figure 51). The results of SEB and MTT cell viability assays
revealed that PC was mone toxic to Caco-2 cells than SolC, similarly as in the case of
HCT 116 cells. ICsy values cakoulated for S01C were 0,440 = 0,016 mg,/ml (5EB) and
0.490 & 0.015 mg/mL (MTT) that were slightly lower than that obtained in HCT 116 cells.
On the other hand, [Csp values obtained for PC in Caco-2 cells, 0.210 £ 0.009 mg/ml. for
SRH and 0.270 = 0.013 mg,/ml. for MTT, were almost twice higher than in HCT 116 cells.
Therefore, it was concluded thal the difference in cytotoxicity between SolC and PC was
more pronownced in the case of HCT 116 cell Hine than in Caco-2.

3.1.2. Cytotoxicity of Pectins Combined with SN-38

Additionally, the anticancer activity of poctins was studied in the presence of SN-38,
an active form of irinctecan—the drog commonly used to treat colon cancer. [ts [Cs value
in HCT 116 cell line was found to be 10.2 = 0.8 nM (35 10°* mg/mL). Figure 1E presents
the appearance of cell cultures treated with 5 and 50 nM of SN-38 as well as with the
mixtures of 0.2 mg/mL of pectin and 5 nh of SN-38. It can be noticed that in the case
of PCSN-38 combination the number of HCT 116 cells is reduced to a greater degree
than in case of the treatment with SN-38 (at 5 nM) alone. Figure 1C,D present the results
of the SRB and MTT assay, respectively. Cell viability was significantly reduced in the
priesence of both 0.2 myg/mL of SolC and PC. In addition, the combination of pectins with a
low concentration of SN-38 reduced cell viability even more. The isobolographic analysis
was employed to evaluate the possible synergy betwieen the anticancer drug and pectins.
Diowse anad effect data sbitained from SRB assay for pure compounds and for two-component
combinations (pectinSN-38) wene subjected to CompuSyn analysis (Table 1), The cytotoxic
effects of PC and SN-38 were synergistic as demonstrated by the combination index (C1)
values well below 1. On the other hand, no synergy was detected between SolC and SM-38,
their effect was purely additive.

Table 1. Combination of pectins with SN-38 against HCT 116 cell growth,

Concentration img/mL)

Comblastion Index
Ratio ICTy
196 « 10°% 02 TOLO00:1 1000

SN-38 rc
0% % 10 ® 0.1 040001 0822
196 x 107" D2 102,000:1 o
3e2x 107" b5 127,551 o

T A elfect daks wene cblated [roem Bhe walTorhodarmin B (SE STy (moan valies o Ihoe cxpenmeting and
analvzed by CompuSyn softwane (Combam Inc., Faramus, K], USA) C1 vahies were caloulsted by Compusiym
sodtware, C = 1 indicatos additive effoo, Cl < T—synergise, and C » 1—aniagomnisen.

3.2 Pronpoyrlotic Activity of Pectins
321 Annexin /P Double Staining Assay

After confirming the anticancer properties of SolC and PC, it was chiecked whasther the
treatment of colon cancer cells with the studied pectins led to cellular death by apoptosis.
Therefore, Annexin ¥ /Pl double staining assay was performed in HCT 116 cells. Typical
dot plots obtained during the assay ane presented in Figure 52, As shown in Figure 2, I'C at
0.2 mg/mL slightly increased the number of apoptotic cells as compared to the control
nod treated by the pectin. Such an effect was not observed for SolC tested at the same
concentration. The application of SN-38 also resulted in a significant increase of apoptotic
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cell population, both at 5 and 50 nM concentration. The drug when applied in the highest
concentration akso coused necrosis of HCT 116 cells, The apoptosis-inducing activity of
pectins was also tested in combination with SN-38 at the concentration of 5 nd. It was
observed (Figune 2B) that in the case of I'C the number of cells undergoing apoptosis was
much bigger as compared to the probe treated with SN-38 only (< 0.05). On the other
hand, the combined SolCSN-38 treatment resulted in lower number of apoplotic cells
as compared to the probe freated with SN-38 alone (p < 0.05). It was concluded that PC

augmented the proapoptotic activity of SN-38.
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Figure 2 The proprtion of normal (A), apoptotic (B), and necrotic (C) cell populations as recorded by Annexin-Y apoptosis
assay in HCT 116 cells treated with pectins (0.2 mg/ml) and Sor SN-38 for 48 . The means of three experiments & S0 are
presented [* < 0U05), Stattstical significance was cheched betwoen the studied probes and controls (no pecting, and between
probes contalning only pectin and pectin combined with SN-38 Cells were recognized as viable (Annexin-V and M negative),
apoptotic (Annexin-Y positive and 'l negative), and necrotic (Anmexin-¥ and Pl positive) based on the messurement of
vell-issociated fuorescenoe of FITC-Annexin-V conpagate and L

3.22 Caspase-3 Activation

Additionally, the ability of pectins to activate the apoptosis-involved protease, caspase-
3, was investigated (Figune 3). Caspase-3 is an eneyme associabed with the initiation of
the apoptotic cascade. It activation ultimately leads to the execution of the program
of cell death, Both studied pectins activated this enzyme in concentrations higher than
0.1 mg/ml. The addition of 5 nM of SN-38 to the cells also treated with 0.2 mg/mL of
pectin significantly enhanced the activity of caspase-3. SMN-38 used alone at 5 nM did not,
however, cause any activation of caspase-3. This experiment additionally confirmed the
proapoptotic properties of the studied pectins and demonstrated that PC enhanced the
ability of SN-38 (applied in concentration below ICs) to induce cell death.
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Figure 3, Relative caspase-3 activity in HCT 196 cells treated with pectins (A} and 0.2 mg /mL pectins in combination with
5N-38. {B) for 48 h. The means of three cxperiments £ 5D ane presented (* p < 0005), Statistical significance was checked
between the studied probes and controls (no pecting, and between probes containing only pectin and pectin combined with
SN-18, In panel A only the measurements for (105 mg/ mlL of SolC and 'C were not significantly different from the control
(ot marked on the graph for the sake of clarity).

3.3, The Influence of Pecting on Cell Cucle

The influence of pectins an the cell cvele of HOT 116 cells was also tested (see Figure 4
and Figure 53 for the histograms), The cytometric evaluation indicated that both pectins
at the concentration of (.2 mg/ml elevated sub-Gy cellular fraction (dead cells), with PC
being significantly mone active than SolC. The number of dead cells was also elevated when
HCT 116 cells were treated with SN-38, the higher concentration of the drug inevitably
causing the more pronounced effect. The most intenssting observation was made for the
PCSN-38 mixture. When the cells were treated by the two compounds in combination,
the very strong increase of sub-G; cellular fraction occurred that was accompanied by the
reduction of the abundance of all other fractions. On this basis, it was concluded that PC
enhanced the cytotoxic potential of SN-38,

3.4, The Effect of Pectins an Reachive Owygen Species {ROS) Production

Thi= assay based on the detection of intracellular ROS by the fluorescent probe DCF was
applied to quantify the generation of ROS in the presence of the studied pecting, As shown
in Figure 5. the treatment of HCT 116 cells with SolC at 0.2 mg /mlL concentration resulted
in aslight decrease in ROS level, whereas P'C applied at the same concentration elevated the
production of ROS by cancer cells. SN-38 (at 5 nM) gently increased ROS bevel. When the
anticancer drug was combined with pecting, the increase in ROS generation was observed,
by more than 60 in the case of S0lC and almost 4.5-fold in the case of PC. The conclusion
wias drawn that SolC itself possessed some anticexidative properties, in contrast o PC that
wis proosidative, On the other hand, both pectins strengthened ROS production induced
by SN-38.
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1.5, Anti-Inflamnratory Activity of Pectins

Tocheck whether the studicd pecting could mpdify the cellular inflammatory response
HET 116 cells were pretreated by 5 uM of bacterial lipopolysaccharide (LPS, endotoxin)
for 24 h before the experiment to induce inflaimmation. After the treatment with pectins
the amounts of cyclooxygenase 2 (COX-2] and interleukin 6 (IL-6) were quantified in cell
culture lysates. As presented in Figure 6 in not-stimulated cells peetins tested at 0.2 mg /mL
had no influence on either COX-2 or [L-6 levels, As expected, the reatment of colon cancer
cells by LPS induced inflammatory response resulting in the substantial increase of COX-2
and IL-6 produced by the cells (Figures 6A and 6B, respectively). The addition of any of
the studied pecting resulted in the reduction of LPS-induced levels of both inflammation
markers. The effect of PC was more pronounced than that of SolC (statistical significance
{p < 0,05} was obtained both in the case of COX-2and 1L-6), It was demonstrated that both
studied pectins were able to modulate the inflammatory response of colon cancer cells.
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Figure 6. Amount of COX-2 (A] and 1L-6 (B) m HCT 116 cells treated with 0.2 mg/ml. pectins
and for 05 pM LIPS Cells were prz!n'ulﬂl with LIPS for 24 h and then incubated with pﬂ:hmfnr 4 h
The means of three experiments + SD are presented [* p < 005). Satkstical significance wies checked
betiween the studied probes and controls {(no pecting as wiell as between probes containing only pectin
and pectin combined with LPS.
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3.6, Adherenice of E. coli ko Colon Cncer Celle

Since colonic microbioda is known to affect colorectal cancer initiation and progression,
adherence of bacteria E. coli to cancer cells in the pr ce of the studied pectins was
manitored. Two bacterial strains wene employed, a laboratory E. coli K-12¢600 strain, and an
adherent-invasive E. coli (ATEC) LEB2Z strain, The latter was izolated from a patient with
Crohn's disease, 50lC did not influence the ability of either LFE2 (Figure 7A) or K-12¢00
(Figure 7B) strains to adhere to HCT 116 cells, On the other hand, PC in concentrations.
0.25 mg/mL or higher significantly reduced the adhesence of both E. calf strains o cancer
cells. The observed effiect seemed slightly stronger in AIEC E. coli than in the control
laboratory strain. It was also confirmed that none of the studied pectins influenced cancer
cell viability (Figure 55) and E. cofi proliferation {Figure 56) under experimental conditions.
The same experiment was performed in human colorectal adenocarcinoma cells Caco-2
{Figure 54}, and it showed virtually the same results. Representative pictures of E. coli
LF52 strain adhering to untreated Caco-2 cells and in the presence of PC at different
concentrations are shown in Figure 5, 1t was therefore found that PC was able to reduce
adherence of E. colf bo colon cancer cells.

Paailih

Poctin concantration {mgiml ) Proctin contentration (mgiml)

Figure 7. E. colt LHE2 (A} and K-12050 strains (B) adherence to HCT 116 cells in thee presence of pectins duning 2 b of
incubation. The misans of thiee experiments £ S0 ane presented. Statistical significance (% p < (L05) was checked betwoen
ithe studied probes and controds ine pecting assumed 1o be 1007

3.7, The Effect of Pechins on f-Glucuromidase (GUSF Activity

Caolonic bacteria may influence intestinal toxicity of innotecan by eneymatic decom-
pesition of SN-38G back o highly cytotoxic SN-38. The influence of pectins on the activity
of p-glucuronidase produced by E. coli strains was tested. As shown in Figure 9, both stud-
i pecting reduced GUS activity in a concentration-dependent manner. PC exhibited
much stronger enzyme-inhibiting potency as compared to SolC, 18 was concluded that
pectins might potentially alleviate ifinotecan-induced diarrhea by reducing enzymatic
transformation of the drug in the colon.
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Flgure 8. Adherence of E. ool (LFS2 strain) 10 Caco-2 cells. Representative pictures of bacteria adbering to untreated Caco-2

cells (A), and treated with I'C at concentration of (U125 mg/mi (B), 025 mg/ ml (C), and 0.5 mg/ml (D). Wright-Giemsa
stadm, 100 magndfication
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Figure 9, The influence of pecting on GUS activity in E. coli LHS2 {A) and K-1300 lysotes (B). Pectin solution wene mixed
with 0.5 U of E. coli GUS and incubated for 18 . The means of three experiments <+ SD ane presended (* p < (005). Statistical
significance was checked between the studied probes and amtrals (no pecting assumed to be 1000
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4. Driscussion

In the present work, it was demonstrated that both studied pectins, PPC and SolC,
significantly reduced the viability of two colon cancer cell lines, HCT 116 and Caco-2.
In both types of cells, eneymatically isalated apple pectin (PC) exhibited greater cytotoxdcity
in comparison to commercially available modified citrus pectin (SolC). Previous studies
on PC revealed its ability to reduce proliferation, cell adhesion, and invasion of human
adenocancinoma HT-29 and melanoma B16F10 cells [24]. Pectin treatment was much mone
destructive to colon cancer cells than to melanoma cells. At the same time, it was shown that
PC (tested in concentrations up to | mg/mL} exerted virtually no effect on proliferation and
adhesion of normal mouse fibroblasts L92% [24]. Anticancer activity of various pectins has
been already recognized for several years (see [21,30] for a review). Pectins isolated from
ginseng [1] and potato [12] were demanstrated to exert an antiproliferative effect on colon
cancer cells {HT-29), Interestingly, it seems that anticancer activity of commencial pectin
preparations was limited while eneymatically modified pectins, especially the ones richin
RG T regions, significantly reduced the proliferation of various cancer cell Hines [33,04],

Moreover, PC but not SolC was demonstrated to act synergistically with SMN-38 in
reducing colon cancer cells viability. Pecting have not been reporied 1o potentiate the
activity of this drug before. In contrast, the augmentation of the antiproliferativie effect
of irinolecan toward HCT 116 cells was observed in case of flavopiridol |35 On the
other hand, the synergistic anticancer effect of modified citrus pectin preparation and
pachtaxel [36], as well as dosorubicin [37] was recorded in ovarian and prostate cancer cell
lines, respectively.

To understand better the mechanism of anticancer properties of pectins, their ability to
induce apoptosis in colon cancer cells was studied. 1t was shown that PC but not SolC signii-
icantly increased the size of the apoptotic cell population. Both pectins activated caspase-3,
an effector caspase in the apoptotic pathway. Cell cvele analysis demonstrated both pectins
clevated sub-Gy cellular fraction that is composed of cellular debris as well as late apoptotic
and necrotic cells. SN-38, tested at low concentrations, also induced apoptosis in HCT 116
cells and raised the abundance of sub-Gy cellular fraction but it did not activate caspase-3.
Thee most interesting findings came from the analysis of HCT 116 cells treated with PC and
SM-38 simultaneously. Strong increases of apoptotic cell population, as well as sub-Gy cel-
lular fraction, suggested that 'C augmented proapoplotic and cytostatic propertics of this
anticancer drug. Proapoptotic activity of pectins have been already demonstrated for many
types of pectin preparations in a variety of experimental settings, .., in ovarian cancer
(50l [36]), prostate cancer (fractionated pectin powder [38], S0lC [39]) as well as in colon
cancer {pectic oligosaccharides [40], swieet potato [41], ginger [31], and beetroot pectin [33]).
Muodified citrus pectin was recorded to increase caspase-3 activity and o modify the cell
cyehe of ovarian cancer cells in a similar way as observed for apple pectin PC in the present
work [36]. In the same study, the synergy of pectin and paclitaxe] in apoptosis induction
was observed, Howover, the same pectin preparation induced Ga /M phase arrest, activa-
tion of caspase-3, and the cleavage of poly (ADP-ribose) polymerase (PARF) in urinary
bladder cancer cells [£2]. Since dictary pectins are not digested before they reach the distal
portion of the gastrointestinal tract, they cannot reach circulation. Pectins are known o
bind strongly to the miuscous layver of the intestine, and in this way, they can modulate the
function of epithelial cells, Avivi-Green et al. |43] fed rats in which carcinogenests had been
chemically induced a high-pectin diet and observed an increased apoplotic index of their
colon crypt cells that was likely to result in reduced tumor volumes in comparison with
rats fed with a standard diet. Tt has bevn presumed that proapoptotic, and mone ¥,
anticancer activity of pectins was related to their interaction with gatectin3 (Gal-3). Gal-3
Is a bectin that specifically binds f-galactosides. It is present in a varicty of cells and often
over-expressed in cancer (see [44,45) for a review). Gal-3 specifically binds many intra-
and extracellular proteins mediating numerous biological processes including the ones
neceksary for cancer growth, transformation, invasion, and metastasis. The studies trving
to identify the structural features of pectin needed for proapoptotic activity pointed to the
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importance of an ester-based cross-link within the pectin molecule [35] as well as o the
high content RG- regions (rich in neutral sugars) within the pectin preparation |33],

The proapoptotic properties of chemical compounds are often associated with their
ability to increase the level of reactive oxygen species (ROS) within cells. This possibility
wias tested in the case of the studied pectins, 1t was found that PC but not SolC (both at
0.2 mg/mL) increased ROS contend in colon cancer cells, SN-38, when applied alone at the
concentration of 5 nM increased ROS level only slightly. The SN-38-induced increase in
ROYS content was pretty elevated when the drug was combined with SolC and considerably
raised in the case of the PC:SN-38 combination. Enzymatically isolated pectin, PC, has been
provipusly demonstrated to effectively scavenge free radicals, and its antiooidative potency
was more significant as compared o commercial apple pectin [24]. Antioxidative activity
of various types of pectins has been widely reported (see [46] for a review). However,
it should be taken into consideration that the laboratory-detected ability of & compound to
scavenge free radicals does not have to translate into its ROS-mitigating behavior in the
cellular environment. Modified citrus pectin has been recently demonstrated 1o increase
ROS production in prostate cancer cells that contributed to their increased radicosensitivity
in the presence of pectin [47]. Both citrus and apple pectins were observed to increase ROS
release in breast cancer cells and to induce apoptosis via the mitochondrial pathway [48],

Local inflammation in the colon has been associated with a higher risk of CRC de-
velopment [5]. Therefore, it was decided to investigate the ability of the studied pectins
to modulate the inflammatory response of colon cancer cells. Since HCT 116 cells ex-
press Toll-Like Receptor 4 (TLR4) [49.50], LIS produced by E coli was used to induce
inflammatory processes in these cells, Interaction of TLRE4 with LIS switches on the sig-
naling pathway in which many components (inclading nuclear factor NFeB) are engaged
and that triggers the expression of pro-inflammatory cytokines (e, IL-6) and enevmes,
like COX-2 [51,52]. The results showed that LIPS induced a significant increase in both
IL-6 and COX-2 level: produced by HCT 116 cells. In the presence of pecting the levels
of both proteins significantly decreased. The immunomodulatory effect was, however,
much more pronounced in the case of PC than SolC. The interplay of pectins with various
companents of LPS/TLR4-induced pathways has already been observed. Citrus pectin
caused the decrease of expression of inducible nitric oxide synthase (iINOS) and COX-2 in
LPS-activated macrophages [57]. An apple oligogalactan suppressed both the expression
and activity of COX-2 in LPS-stimulated colon carcinoma oclls [54]. In the same experimen-
tal setting modified apple polysaccharides significantly decreased LPS-induced expression
of TLR4, COX-2, matrix metallopeptidases (MMD) 2 and 9, iNOS, as well as prostaglandin
E2 |55). Oral application of pectins was also demonstrated toalleviate LPS-mduced shock
in mice |56] and to decrease the expression of pro-inflammatory markers in model mouse
colitis [57]. The direct interaction of pectins with TLE4, thus competing with LPS binding,
wins proposed to constitute the molecular basis for the modulation of the inflammatory
process by pectins [55,55], Interestingly, the sugar profile and structure of RG 1 region
present in PC molecule (but not in SobC) highly resemble the structure of O-antigen of
LPS [59.60].

Pecting are characterized by high adhesion to the intestinal mucous layer, They can
bath affect the function of epithelial cells and form the protective barrier against coloniza-
tion by epportunistic microflora [61]. Additionally, they form a favorable environment for
the normal microbiome and constitute the source of nutrients for bacteria populating the
colon [62]. The disruption of gut microbiome equilibrium, called dysbiosis, often precedes
thir devetopment of certain pathological conditions, from mild as irritable bowel syndrome
to severe such as CRC. Colonic microbiota of CRC patients has been shown to differ from
healthy individuals colonic flora |5,9]. Therefore, the impact of PC and SolC on the adher-
ence of E. coli to colorectal cancer cells was studied. Two bacterial strains have been applied,
laboratory K-12¢q00 strain, and adherent-invasive E. coli {AIEC) LFS2 strain, isolated from
a Crohn's disease patient. SolC did not change the adherence of E. coli to HCT 116 and
Caco-2 cells, whereas PC significantly diminished the adherence of bacteria to colon cancer
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celle, Moreover, the inhabitory action of PC seemed to be stronger in AIEC E. colf than in
laboratory strain. The inhibitory effect of pectic oligesaccharides (POS) on the adbesion
of pathogenic bacterial strains has been demonstrated in numerous studies. In human
colon adenocarcinoma epithelial cells HT-29 POS from citrus significantly reduced the
adherence of Vit cholerar [63], several enteropathogenic as well as verotoxigenic E. coli
strains [64], and Shiga-toxin-producing E. eoli O157:H7 |65]. Although orange peel POS did
not affect Campndobacter jejun adhesion, they reduced its invasion info intestinal epithelial
cells Caco-2 [66]. In the study on POS produced from apple pomace, Wilkowska et al. [67]
presented evidence for their inhibitory effect on adheston of pathogenic strains of E. colf,
Listerin mromacytogones, and Salmwnelis typiimurii to Caco- 2 cells. In contrast, the adhesion
of probiotic bacterial strains to the intestine epithelium was increased in the presence
of pectins. Similarly, pectin-like oligosaccharides from Panax ginseng roots was shown
to reduce adhesion of Heficobacter pylort Actinobaciifus actinampeetemconitins, Propaaibac-
terium acnes, and Staphylococcns airens o human gastric adenocarcinoma cells with no
inhibitory effects against non-pathogenic Lactobacillus acidopliilies, E. coli, and Staphylecoe-
cns gpidermiidis [65]. These studies pointed to the beneficial effects of pecting in maintaining
healthy microbiota.

The composition and enzymatic activity of colonic microblota can significantly affect
the effectiveness of chemotherapy [10,11]. On the other hand, chemotherapeutic drugs can
influence intestinal microbiota [64]. Decomposition of a drug-glacuronide back to an active
form of the drug by bacterial P-glucuronidase constitutes the mapor reason for the observed
intestinal toxicity of irinotecan [15] but also other xenobiotics [711]. The application of GUS
inhibitors as an adjuvant to irinetecan therapy has been proposed and demonstrated o
be effective in alleviating the drug-induced gut damage and diarchea [71,72], For this
renson, it was decided to investigate the effect of the studied pectins on the activity of
GUS produced by two E. colf strains, laboratory strain and the one isolated of Crohn's
dizgase patient. Both S0lC and PC werne demonstrated to inhibit GUS activity, However,
the reduction caused by PC was much stronger as compared to SolC. The analysis of
previous studies dealing with the influence of pectins on bacterial GUS revealed lots of
inconsistencies. Depending on the type of pectin and experimental setting pectins wene
reported to increase [7374], o have no effect [75-77], or to reduce GUS activity [75-51].
Based on the resulis obtained in the present study, it was concluded that PC strongly
inhibited the encymatic activity of E. cold GUS and might therefone reduce the backwand
transformation of SN-380 to SN-38,

5. Conclusions

The nowel pectin, MC, obtained by ensymatic extraction of apple pomace, demon-
strated to possess superion anticancer activity as compared to the modified citrus pectin,
SalC. The key findings of the present study are summarized in Figure 10, PC reduced
colon cancer cell viability, induced apoptosis, and increased intracellular ROS production.
Moreover, the enhancement of the cytotoxic and proapopiotic effects of low concentrations
of irinotecan was observed in the presence of PC. Additionally. novel apple pectin exhibited
potent anti-inflammatory propertics, prevented adhesion of E coli to colon cancer cells,
as well as inhibited the activity of bacterial GUS. With the reservation that the conclusions
are based on the in vitro study only, it was demonstrated that novel pectin might be a
promising candidate for an adjunct to irinotecan therapy that might alleviate its side effects.
and thus increase its therapeutic efficacy.
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Streszezenie

Chemioterapia stanowi jedng 2 podstawowych metod leczenia chordb nowolworowych. Jej
Fastosowanie macenie poprawilo rokowanie pagjentow. Pomimo jej niczapraccealnych zalet niestety
istoiny problem kliniczny stanowi znaczna toksycznosé leczenia chemicznego. Wigke sig lo
z objawami niepokgdanymi, ktore w istolny sposdb obniZajg jakos¢ Zycia chorych. Jednym 2 nich jest
biegunka indukowang chemioterapig CID (ang.chemotherapy-induced diarrhea). Chociad czgstodt
wystegpowania CID jest trudna do oszacowania, uwaza sig, Ze¢ dotyezy ona okolo 80% pacjentdw
poddanyeh dziataniv chemioterapii. Mechanizmy lefgee u podstaw CID, pozostajg nigjasne,
aczkolwick uwaia sig. ¢ wynikaja one z synergii nakladajacyeh si¢ procesdw patofizjologicznych,
w tym zapalenia, dysfunkcji wydzrielniczej, zaburzen motorvki jak réwnied zmian w unerwieniu
przewodu pokarmowego. Obecne postgpowanie medyceme CID zaklada ghownie leczenie objawowe
i nierzadko prowadzi do pogorszenia i tak juz istniejgcych skutkdw chemioterapii wywolujge szereg
skutkdw ubocznych. Pojawiajgce sig nowe schematy postgpowania, stanowig obiecujacy alternatywe
leceenia CID,

1. Wsigp

Mowotwory stanowig glowng preyveryng rgondw na swiecie. Tylko w 2018 r. odnotowano
okolo 18,1 min nowych zachorowan oraz 6,2 min zgondw na raka (Bray i in, 2018). Chociaz posigp
w medyeynic preyezynil sig do wdoskonalenia technik diagnozowania i leczenia nowolwordw,
oczekuje  sig, #e w nadchodegeych  driesigeivleciach  obeigienie  zwigrane z  chorobami
ROWOLWOTOWYmI na Swiccie Zznacenic werosnie. Starzenie sig populacji oraz styl Zveia w tym palenie
tytoniw, brak aktywnodcl fizycene) 1 nicodpowiednia dicta, zostaly uznane &a podstawowe ceynniki
prayezymiajgee sig do werosty zachorowalnodei na calym Swiecie (Jemal i in, 2011).

Chemioterapig stosuje sig na réénych etapach leczenia przeciwnowolworowego i chociaZ
nacznie poprawila ogdlng preedywalnodd w wielu rodzajach nowotwordw to cyviotoksycrne efekiy
ubocane stanowiyg przeszkodg nacznie uiredniajges jej klinicene zastosowanie (Kannarkait i in.
2017). Objawy ubocene ze strony ukladu pokarmowego, takie jak nudnodcl, wymioty, bdle brzucha,
wedgcia, owrzodzenia, zaparcia a w szczegolnosci biegunka naledry do najezestszych preeszkod
powodujgeymi opdénienia a nawel preerwanie leczenia. Jednoczednie w znacznym stopniu obnikajg
Jjakosé Eyeia wiclu pacjentdw, Objawy uboczne stwierdzono u 40 % pacjentow otrzymujgeych
chemioterapi¢  w  standardowych dawkach oraz w  100% otreymujgcych  chemioterapie
wysokodawkows (MoQuade 1 in.2014).

2, Opis zagadnienia, preeglad literatury

Biggunka wywolana chemioterapia jest istotnym problemem klinicznym, kidry w istotny
sposdb wplywa na smiertelnosé chorych na raka na calym swiccie. Czgstodé wysigpowania i nasilenie
C1D s bardzo sroénicowane w zaleznodei od chemioterapeutyku, sposobu podawania | dawkowania.
Micktore protokoly leczenia, szeregblnic te sawicrajace S-Nuorouracyl i irynotekan, wigky sig #e
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wysokim odsetkiem wystgpowania biegunki, az do 80%. U jednej trzeciej pacjentow wystgpuje
cigika bicgunka (stopien 3 lub 4) (Maroun i in. 2007). Trwala i cigrka biegunka moie prowadzié do
acznego niedoiywienia, odwodnienia - kacheksji i w konsekwencyi do niewydolnoéci nerek.
Odwodnienie # powodu CID jest awigeane z preedworesng smiercig u okolo 5% pacjentow
poddawanych  leczeniu - preeciwnowotworowemu  (Rothenberg 1 in. 2001). Co  wigceej,
chemioterapeutyki moga réwniez wywolaé cigikie zapalenia jelit prowadzace do zaburzen
klinicenych o potencjalnic zagradajgeych éyein konsekwencjach (MeQuade 1 in. 2016).

L ponad 30% chorych na CID wysigpuje mmacane obnizenie jakoscl dyveia, Uporceywa CID
wigke si¢ z Igkiem, depresja, izolacjy spoleceng oraz niska samooceny (Viele 2003), co podkresla
Enaczenie zardwno wyjasnienia podstawowych mechanizmow choroby, jak 1 poprawy skutecznodcl
leceenia.

2.1 Pawofizjologia

Bicgunka stanowi czesty efekt uboczny dziatania irynotekanu, stosowanego w leczeniu raka
okreznicy. 50-80% pacjentéw poddanych dzialaniu irynotekanu cierpi na cigzky biegunke. Zmiany
histologiczne, wystgpujgee w calym przewodzie pokarmowym w odpowiedzi na podanie innotekanu,
potwierdaity wyniki badafi in vive na swierzgtach. Odnotowano wyraing ablacje krypt, skrocenic
kosmkow oraz zamk nablonka w jelicie cienkim i grubym (Gibson 1 in, 2003), Chociaz pacjenct nie
53 poddawani rutynowym badaniom endoskopowym uwaka sig, fe CID jest w dukej mierze forma
lub skutkiem ubocznym zapalenia blony Sluzowe) preewodu pokarmowego, Inicjacja zapalenia blony
sluzowej jest wynikiem bezposredniego i posrednicgo oddzialywania chemioterapeutykiow na seybko
deielgee sig komdrki nablonka preewodu pokarmowego, prowadzge do ich apoptozy. Dochodzi do
aktywacji jgdrowego cazynnika transkrypeyjnego kappa B (NFkB), nastgpnie do  wyrzutu
prozapalnych eytokin, w tym m. in. interleukiny 1. Przyczyniaja si¢ one do powstania owrzodzen
i zapalenia nablonka blony Sluzowej preewodu pokarmowego (Gibson 1 in. 2003; Stringer 2009),
Potwierdza to fakt, ¢ w jelicie grubym po podaniu irinotekanu obserwuje sig wzrost ckspresji
cyklooksygenazy COX-2 (ang. cyclooxygenase 2), zwigzany ze zwigkszonym uwalnianiem
prostaglandyny E2 (ang. PGE2-Prostaglandin E2) (Yang i in. 2005),

Kluczowy element patofizjologii wszystkich rodzajow biegunek stanowi zaklocenie
riwnowagi wodno-elektrolitowej w preewodzie pokarmowym. Biegunka mode byé wynikiem
dzialania sily osmotycznej. ktora dzialajge w Swietle preewodu pokarmowego, “weigga™ wodg do
jelita, lub wyniku akiywnego stanu wydzielniczego w enterocytach. W pierwszym preypadku
biegunka ma charakter osmolarny, co ohserwuje sig po spoiyciu niewchlanialnych cukrow, np. takich
jak laktuloza. Dla CID charakterystyczny jest drugi mechanizm. Poprzez uszkodzenie Sluzdwki
dochodzi do wydziclania szeregu cytokin ktore wywolujg hiperperystalivke jelit oraz indukujg
nadmierne wydzielanie elektrolitow, w szczegdlnosci chlorkow(Yang i in. 2005).

2.2 Mikrobiota jelitowa

Integralng role w homeostazie jelitowej odgrywaja drobnoustroje jelitowe. Uwaia sig, ke
pelnig takie istotng funkcje w rozwoju zapalenia blony Sluzowe) preewodu pokarmowego.
Zachwianie naturalnej rownowagi flory bakteryinej chorego, poprzez zastosowanie chemioterapii,
maode mied takke istotny wplyw na skutecznosé leczenia przeciwnowotworowego(Stringer 2009),
Ponadto, mikrobiota bierze udzial w metabolizmie cytostatykow, czego przykiad stanowi przemiana
irynotekanu. Irynotekan jest stosowany jako prolek (CPT-11), ktérego akitywacja zachodzi przez
hydrolizg wigrania estrowego w aktywng formg (SN-38). MNastgpnie SN-38 jest metabolizowany
w watrobie do nieaktywne) postaci glukuronidu SN-38 (SN-380), a nasigpnie eksportowany do
okrggnicy. Tutaj SN-38G ulega hydrolizie w obecnosei bakteryinej b-glukuronidaze ([BG). Proces ten
prowadz do reaktywacji aktywne) postaci irynotekanu odpowiedzialng] za toksyernosc jelitows,
Biorge pod uwage kluczows rolg mikrobioty okrginicy w wywolywaniu biegunki wywolang
inmotekanem, hamowanie bakteryinej G w okreinicy lub zapewnienie dodatkowego substratu dla
tego enzymu stanowl wyzwanie wspidezesnej onkologii 1 mikrobiologii,

Jak zauwaiono w obecnodei inynotckanu liczba bakterii Bucteroides spp. maleje prey
Jjednoczesnym weroscie liczby bakterii z rodzaju Staphylococcus spp., Clostridium spp, i E. coli,
(Stringer i in. 2009).UwaZa sig, #e¢ zmiany w mikrobiocie odgrywaja waing rolg nie tylko
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w utreymaniu homeostazy i integralnosci jelit, ale takize w modulacji reakcji zapalnych poprzez
interakcje # receptorami TLR (ang. toll-like receptors) i receptorami domenowymi oligomeryzacji
nukleotydow, ktore aktywujg transkrypeyjny ceymnik NFeB, Jak wiadomo, prawidiowa proliferacja
i ridrnicowanie nablonka preewodu pokarmowego powracaja po okoldo 2 tygodniach po sakofczeniu
terapii, Matomiast zomany funkcjonalne utreymujg sig dhue). Patofizjologia lezgea u podstaw tych
trwalych zmian w funkcji preewodu pokarmowego obejmuje nie tylko mechanizm osmolyczny
izapalny ale takike neurogenny. (McQuade i . 2014). Chemioterapia indukujae usekodzemia
jelitowegoe ukladu nerwowego ENS (angenteric nervous system) preyezymia sig do saburzen
motoryki przewodu pokarmowego i wystapienia cigzkiej postaci bicgunki. Do niedawna pomijano
wplyw chemioterapeutvkéw na neurony jelitowe 1 dysfunkeje preewodu pokarmowego, Jednak
dowiedziono, #e preewlekle leczenie cisplatyng powoduje utrate neurondw jelitowyweh, warost
amplitudy skurczdw fatddw blony slusowe) dna #otadka, a takde biegunki (McQuade 1 1n. 2014).
2.3 Aktualne metody leczenia CI1D

Zgodnie = “National Cancer Institute’s Common Terminology Criteria for Adverse Effects

grading system”™ CID mode byé sklasyfikowana jako:

1. Biegunka nicpowiklana (stopien 1-2, bez powiklan) lub

2. Biegunka powiklana (stopien 34 z jedmym lub wigee) powiklaniami), w tym:

{A) Bicgunka o wezesnym poczatku (<24 h po podaniu dawki leczenia chemoterapeutycznego)
(B) Bicgunka o pdinym pocagtku (=24 h po podanin dawki leczenia chemoterapeatycznego ),
(C) Biegunka przewlekla {obecna preez >4 tygodnie) lub

(D) nicpreewlekla (obeena prace <4 wygodnie).

Miepowiklana postaé CID moie byé leczona popreez modyfikacje diety oraz stosowanie
standardowych lekow przeciwbiegunkowych. Postaé powiklana wymaga aplikacji wysokich dawek
lekdw oraz hospitalizacji (McQuade i in. 2014), Zalecenia dotyczgee postgpowania w CID zostaly
opublikowane w 1998 r. zaktualizowane w 2004 r. (Benson i in. 2004) | zawicrajg wylycane i oceny
postgpowania. Obecnie jedynymi lekami zalecanymi w zaktualizowanych wytycenych dotyezgeych
leczenia 53 pochodne opioidow, takie jak: loperamid, okireotyd oraz landanum/nalewka z opium.

2.4 Loperamid
Loperamid to syntetveeny agonisty receptordw opioidowych p w écianie jelit. Wywiera
hamujgey wplyw na uwalnianie prostaglandyn i acetylocholiny, a takde zwicksza resorpeje wody
i elekmrolitdw, Wysokie dawki loperamidu mnajdujy zastosowanie w tagodaeniu CID. Jego stosowanie
prowadzi jednak do szeregu dzialan niepozgdanych, takich jak silne zaparcia, bole brzucha, zawroty
glowy, wysypki, a takke do pogorszenia jui istniejgeych waded, mdlodei | wymiotdw. Wysokie dawki
loperamidu  zwigkszajg cegstosé wystgpowania porazenne] niedrodnosci jelit. Pomimo tych
powadnych dzialan niepozadanych, loperamid stanowi lek pierwszego rzutu w CID (MeQuade i in.
2014).
2.5 Oktreotyd
Oktreotyd jest syntetycznym analogiem somatostatyny i hamuje wydzielanie hormonu
werostu GH (ang. growth hormon) serotoniny i peplyddw uwalnianyeh przez wewngirewydzielniczy
uklad zoladkowo-jelitowo-trzustkowy, Okireotyd jest stosowany w leczeniv powikiang) CID orae
jako lek drugiego rzutu u pacjentdw, ktdrzy nie reagujg na dzialanie loperamidu po 48 h, pomimo
#wigkszania dawki. Chociaz oktreotyd skutecznic zmnigjsza objawy CID, u ponad 10% pacjentiw
wystgpujg skutki uboczne klasyfikowane jako cigekie, w tym: bradvkardia, cigikic zaparcia, silng
béle brzucha, zaburzenia czynnodci tarczycy, kamica dlciowa, bole i zawroty glowy (Stein i in.
2010).

2,6 Landanum/ nalewka z opium

Malewka z opium jest stosowana w biegunkach opomych na lecaenie pierwszego rzutu,
Podobnie jak loperamid jest agonisty receptordw opioidowych p w obrgbie przewodu pokarmowego.
Hamujge perystaltyke jelit, wydluia coas pasadu oraz spreyjaja reabsorpeji phynow. Skutecenosé
Laudanum w leczeniu CID dotychczas nie jest poparta badaniami, jednak lek ten jest powszechnie
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stosowany jako lek drugiego reutu w przewlekiyeh i niepowiklanyeh biegunkach (Stein i in. 2000).
Malewka z opium wywolsje wicle deinlan niepoigdanych, w tym cufori, nudnosci, wymioty,
bolesneftrudne oddawanie moczu, napady drgawek | reakcje alergiczne. Ponadio, podawanie
Laudanum modke wigead sig # uraleinieniem psychologicenym i Nizycenym, depresja oddechows oraz
cigikimi zaparciami,

2.7 Potencjalnie nowe terapie

Poniewaz obecnie stosowane terapie w leczeniu CID majg ograniczong skutecznosé | wiele
drialain niepoiadanych, poszukiwanie i stosowanie nowych lekdw preeciwbiegunkowych jest
niczbgdne do poprawy jakosci Zycia pacjentow cierpigeych na nowotwory. Stosunkowo nowe i juz
stosowanych terapie wykorzystywane w leczeniu schorzen takich jak 1BS z dominujacy biegunks
(IBS-D2) 1 preewlekia idiopatycena bicgunka, moglyby snaleré zastosowanie w leczeniu ClD.

2.8 Inhibicja kanalu chlorkowego

Chlor jest kluczowym jonem biorgeym udzial w wydzielaniu i wehlanianiu jelitowym,
MNadmierna sekrecja jest napgdzana przez aktywne wydzielanie chlorkow, a nastgpnie widmy ruch
wady i sodu do dwiatla jelita. Pomimo braku silnyeh selektywnych inhibitoréw napigeiowo zaleknych
kanatow chlorkowych, hamowanie aktywnodci kanatéw chlorkowych aktywowanveh wapniem
skutecznic ogranicza wydziclanic chlorku do Swiatla preewodu pokarmowego. Wykorzystanic
modelu mysiego z cigiky biegunka wydsielniczs wywolang rotawirusem, w ktdorym dokonano
imhibicyi kanatow chlorkowych akiywowanych wapniem stosujge ckstrakl z crerwonego wina
poewolilo na smniejszenic wydziclania plynu jelitowego, zmnicjszajge prey tym objawy biegunki
(Ko iin, 2014).

2.9 Akiywacja receplora kannabinoidalnego

Mechanizm  deialania  kannabinoidow opiera sig na wigeaniu 2 dwoma  glownymi
receptorami spragionymi z biatkiem (. Receptory CB1 1 CB2 1o receplory licznie wysigpujgce
w ukladezie pokarmowym. Mimo, e ich aktywnodé jest zmienna w zaleimodel od odeinka preewodu
pokarmowego, stwierdzono, 2e aktywacja receptorow CB1 hamuje czynnodd skurczows migsnidwki
okregnicy. Juk dowiedsriono dronabinol, jako nicselektywny agonista receptordw kannabinowdowych,
spowalnia pasai zardwno u 0s0b adrowych, jak 1 u pacjientow z bicgunks zwigzang z 1BS (IBS-D)
(Wong i in. 201 1). Ponadio jak wykazano w oparciu o badania 2 wykorzystaniem modelu seceursego,
niska dawka nieselekiywnego agonisty receptondw kannabinoidowych WIN35.212-2 zmnigjsza
nasilenie biegunki wywolanej 5-fluorouracylem. (McQuade i in. 2014).

2.10Probiotyki, antybiotyki i inhibitory f-glukuronidazy

Wraz z wznaniem, ke mikrobiom odgrywa kluczowsy rolg w patofizjologii zapalenia blony
sluzowe) i roewoju CID, zardwno antybiotyki, jak i probiotyki staly si¢ obiecujgeymi opcjami
terapentycenymi. Dowiedziono, 2¢ podad probiotykiw obniia cagstosé wystepowania ClD zardwno
przy stosowaniu S-Muorouracylu, jak irynotekanu (McQuade i in. 2014). Ponadto, dieta wzbogacona
w blonnik, suplementacja Lactobacillus rhamnosus sprayvia emnigjszeniu objawdw ewigzanych
# nasileniem biegunki stopnia 3/4 wywolanej toksycznodcia S-fluorouracylu ak u 15% pacjentow
leczonych 2 powodu raka jelita grubego. Jednoczednie wykazano, 2¢ w agresywnym leczeniu CID
zalecana jest aplikacja doustnych antybiotykow, takich jak fluorochinolony (Benson i in. 2004;
Maroun i in. 2007).

Analiza  wynikéw  badan przeprowadzonych #  wykorzystaniem modelu  mysiego,
potwierdzita Ze selekiywne hamowanie bakieryjnej p-glukuronidazy lagodzi indukowane przez
cytostatvki wszkodzenie Sluzdwki przewodu pokarmowegoe. Ponadto, dowiedziono, fe¢ dousine
podawanie silnych inhibitorow f-glukuronidazy bakteryine] zmnicjsza toksyeznosé inynotekanu
{(Wallace i in. 2000). Wyniki badan Klinicznych vdowodnily, #e lek o nazwie handlowe) Kampo
Hangeshashinto (TJ-14), zmnigjsza czgstosé wystgpowania, jak i czas treania indukowancgo
chemioterapig zapalenia blony Sluzowej jamy usingj u pacjentow z rakiem jelita grubego Substancg
aktywng TI-14 stanowi bajkalina, bedaca inhibitorem f-glukuronidazy (Matsuda i in. 2005).
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W pordwnaniu grupg kontrolna u pacjentow leczonveh TI-14 stwierdzono zmniejszenie crestosci
wystgpowania biegunki 3 i 4 stopnia (McQuade i1 in. 2014).

2.1 1 Pektyny

Pektyny stanowig gldwny skladnik blonnika pokarmowego. Charakteryruja sic wysoka
adhezjy do blony dluzowej jelita, tworzge w ten sposob barierg ochronng przed kolonizacjy flory
oportunistycene). Prawie 90% pektyn podanych doustnie dociera do dystalnego fragmentu okrginicy.
Pekiyny tworeg spreyjajace srodowisko dla prawidiowego mikrobiomu 1 stanowig #rodio skladnikow
odiywezyeh dla bakterii zamieszkujgeych okrginicg. W wyniku bakteryjnego rozkladu pektyn
powstajg krotkolancuchowe kwasy thiszczowe, co prowadzi do preejéciowego obnizenia pH
w jelitach. Uwaia sig, #e proces ten jest odpowiedzialny za hamowanie wzrostu szczepiw
patogennych przy jednoczesnym zachowaniu hizgjologicene) flory jelitowe). Ponadio pekiyny sg
w ostanic wigzad swigzki organicene, takic jak toksyny, dziatajge ochronnie na Sluzdwke jelit, Wyniki
badan z udzialem badaniu 255 pacjentow pediatrycenych w wicku od 6 miesigey do 6 lat stosujgeych
doustnie ckstrakt pektyny x jablka, potwierdzily istotne obnikenie cegstosel oddawania stolea,
szepegtinic w przypadkach, gdy bicgunka nie ustgpowala do trzeciego dnia leczenia (Becker i in,
2011).Wydaje si¢ wysoce prawdopodobne, #e sastosowanie pektyn jako dodatkowego #nddla
weglowodaniw dostarczanych podezas leczenia inmotekanem moze zahamowaé proces hydrolizy
SN-38G przez bakteryjng PG, a tym samym zwigkszyé ograniczong skutecznodd terapii w leczeniu
CID,

3. Waoieski

CID stanowi jeden z najczgsiszych objawdw niepozqdanych zwigzanych z chemioterapia.
Preyczymia sig do opdinien w lecaeniu, redukcji dawki, a przez to do obnizenia skutecznosci leczenia,
mekiedy do jego zaprzestania. Pomimo licznych badan klinicrnych majgcych na celu oceng
skutecrnosci substancji terapeutycenych iTub profilakiycenych w lagodzeniu CID, w aktualnych
wytycznych zalecane sg tylko trzy leki: loperamid, nalewka z opium i oktreotyd. Ponadio, obecnie
wykorzystywanym metodom leczenia CID towarzyszg liczne wspdlisiniejace objawy niepodadane.
Mowe terapie stanowig obiecujges altematywg. Rozwd) nowych metod leczenia CID jest niczbgdny
dla poprawy wymkow klinicenych 1 jakoser #veia osob leczonyeh onkologicenie. Biorge pod uwage
kluczowy rolg mikrobioty w precbiegu bicgunki, hamowanie aktywnosci bakteryjne) G w okrgznicy
lub zapewnienie dodatkowego substratu dla tego enzymu stanowi wyzwanic wspdlezesne) onkologi
i mikrobiologii.

4. Literatura

Jemal A, Bray F, Center M et al. (2011) Global cancer statistics. A Cancer Journal for Clinicians
G1{2): 69-90

Becker B, Kuhn U, Hardewig-Budny B (2011) Double-blind, Randomized Evaluation of Clinical
Efficacy and Tolerability of an Apple Pectin-Chamomile Extract in Children with Unspecific
Diarrhea. Areneimittelforschung 56(06): 387-393

Benson AB, Ajani JA, Catalano RB et al. (2004) Recommended guidelines for the treatment of
cancer treatment-induced diamhea. Joumal of Clinical Oncology 22: 291 8-2926

Dranitsaris G, Maroun J, Shah A (20035) Estimating the cost of illness in colorectal cancer patients
who were hospitalized for severe chemotherapy-induced diarrhea. Canadian Joumnal of
Gastroenterology and Hepatwology 19: 83-87

Bray F, Ferlay 1, Soerjomataram [ et al. (2018) Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. A Cancer
Jourmal for Clinicians 68(6): 394-424

Gibson RJ, Bowen IM, Inglis MR et al. (2003) Irinotecan causes severe small imestinal damage, as
well as colonic damage, in the rat with implanted breast cancer. European Journal of
Gastroenterology & Hepatology 18: 10951100

66|5trona

65



Kannarkatt I, Joseph J, Peter C, et al. (2017) Adjuvant Chemotherapy for Stage 11 Colon Cancer: A
Clinical Dilemma. Journal of Oncology Practice 13(4): 233-241

Ko EA, lin BJ, Namkung W et al. (2004) Chloride channel inhibition by a red wine extract and a
synthetic small molecule prevents rotaviral secretory diarrheea in neonatal mice. Gut 63: 1120
129

Maroun JA, Amhony LB, Blais N et al.(2007) Prevention and management of chemotherapy -
induced diarrhea in patients with colorectal cancer: a consensus statement by the canadian
working group on chemotherapy-induced diarrhea, Current Oncology14; 13-20,

Matsuda C, Munemoto Y, Mishima H et al. (2015) Double-blind, placebo-controlled. randomized
phase 11 study of TJ-14 (Hangeshashinio) for infusional Muonnated-pyrimidine-based colorectal
cancer chemotherapy-indeced oral mucositis. Cancer Chemotherapy and Pharmacology T6: 97—
13

MeQuade RM, Bornstein J C, Nurgali K (2014) Anti-colorectal cancer chemotherapy-induced
diarrhocea: current treatments and side-eflects. International Journal of Clinical Medicine 5: 393—
406,

McQuade RM, Stojanovska V, Abalo R et al. (2016) Chemotherapy-lnduced Constipation and
Diarrhea: Pathophysiology, Current and Emerging Treatments.

Frontiers in Pharmacology 7: 414,

Rothenberg ML, Meropal NJ, Poplin EA et al. (2001) Monality associated with irinotecan plus
bolus fluorouracillewcovorin: summary findings of an independent panel. Jounal of Clinical
Oncology 19: 3801-3807

Stein A, Voigt W, Jordan K (2010) Review: chemotherapy-induced diarrhea: pathophysiology,
frequency and guideline-based management. Therapeutic Advances in Medical Oncology2: 51—
63

Stnger AM (2009) Chemotherapy-induced mucositis: the role of gastrointestinal microflora and
mucins in the luminal environment. The Joumnal of Supportive Oncology5S: 259-267

Stringer AM, Gibson RJ, Bowen IM et al. (2009) Irinotecan-induced mucositis manifesting as
diarrhoea comresponds with an amended intestinal flora and mucin profile. International Journal
of Experimental Pathology 9(: 489-499

Viele C5 (2003) Overview of chemotherapy-induced diarrhea, Seminars in Oncology Nursing19; 2—
5

Wallace BD, Wang H, Lane KT et al. (2010) Alleviating cancer drug toxicity by inhibiting a
bacterial enzyme. Science 330; 831-835

Wong BS, Camillers M, Busciglio 1 et al. (201 1) Pharmacogenetic inial of a cannabinoid agonist
shows reduced fasting colonic motility in patients with nonconstipated irritable bowel syndrome.
Gastroenterology 141; 16381647

Yang X, Hu Z, Chan 5Y et al. (2005) Novel agents that potentially inhibit irinotecan-induced
diarrhea. Current Medicinal Chemistry 12: 13431358

67|?~|r;‘»‘z' a

66



PODSUMOWANIE I WNIOSKI

Na podstawie przeprowadzonych do$wiadczen i wynikdw zamieszczonych w publikacji
“Newly-obtained apple pectin as an adjunct to irinotecan therapy, presumptively
reducing its side effects via influence on colonic E. coli -glucuronidase activity”

mozna wysung¢ nastepujgce wnioski:

1. Pektyny, PC i SolC, znaczaco obnizaja zywotno$¢ komdrek dwdch linii
komodrkowych raka jelita grubego, HCT116 i Caco-2. W obu typach komdrek
enzymatycznie izolowana pektyna jabtkowa (PC) wykazuje wyzsza
cytotoksyczno$¢ w poréwnaniu z komercyjnie dostepng modyfikowang
pektyng cytrusowa (SolC).

2. Pektyna PC, ale nie SolC, dziata synergistycznie z SN-38, co zaobserwowano
na podstawie oceny zywotnosci komdrek raka jelita grubego. Co wazne,
pektyny nie byty wcze$niej opisywane jako adiuwanty potegujace aktywnos$¢
tego leku.

W celu lepszego zrozumienia mechanizmu przeciwnowotworowego dziatania pektyn,
zbadano ich zdolno$¢ do indukowania apoptozy i generowania reaktywnych form tlenu
w komorkach raka jelita grubego. Pozwolito to na wysuniecie nastepujgcych wnioskéw:

3. Pektyna jabtkowa PC, ale nie cytrusowa SolC, istotnie zwieksza wielko$¢
populacji komérek apoptotycznych.

4. PC, ale nie SolC zwieksza zawarto$¢ ROS w komoérkach raka jelita grubego.

5. SN-38, zastosowany samodzielnie w stezeniu 5 nM, tylko nieznacznie
zwiekszal poziom ROS podczas gdy PC w kombinacji z SN-38 indukowata
znacznie wieksze poziomy ROS niz w przypadku kombinacji SN-38:SolC.

Miejscowy stan zapalny w jelicie grubym wiaze sie z wyzszym ryzykiem rozwoju CRC.
Dlatego zbadano zdolno$¢ badanych pektyn do modulowania odpowiedzi zapalnej
komoérek raka jelita grubego. Wyniki badan wykazaty:

6. LPS indukuje znaczgcy wzrost poziomu IL-6 i COX-2 produkowanych przez

komorki HCT116. W obecnosci pektyn poziomy obu biatek ulegaja
znacznemu obniZeniu.
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7. Efekt immunomodulacyjny jest znacznie wyrazniejszy w przypadku PC niz
SolC.

Zaburzenie réwnowagi mikrobiomu jelitowego, zwane dysbioza, czesto poprzedza
rozwdj niektdrych standw patologicznych, w tym CRC. Wykazano, Ze mikrobiota jelita
grubego pacjentow z CRC rozni sie od flory jelita grubego os6b zdrowych. Zbadano
wptyw PC i SolC na adherencje E. coli do komoérek raka jelita grubego.

8. SolC nie zmienia adherenciji E. coli do komérek HCT116 i Caco-2, natomiast
PC znaczaco zmniejsza adherencje bakterii do komorek raka jelita grubego.

9. Hamujace dzialanie PC jest silniejsze u E. coli szczepu AIEC niz u szczepu
laboratoryjnego.

Sktad i aktywno$¢ enzymatyczna mikrobioty jelita grubego moze w istotny sposob
wptywac¢ na skuteczno$¢ chemioterapii. Z drugiej strony, leki chemioterapeutyczne
moga wplywac na mikrobiote jelitowa. Rozktad SN-38G z powrotem do aktywnej formy
leku przez bakteryjng [-glukuronidaze stanowi gtéwna przyczyne obserwowanej
toksycznoSci jelitowej irynotekanu, ale takze innych ksenobiotykdéw. Zbadano wplyw
badanych pektyn na aktywnos$¢ GUS wytwarzanej przez dwa szczepy E. coli,
laboratoryjny i wyizolowany od pacjenta z chorobg Le$niowskiego-Crohna. Wykazano,
ze:

10.SolC, jak i PC hamuja aktywnos$¢ GUS.

11. Redukcja spowodowana przez PC jest znacznie silniejsza w poréwnaniu z

SolC. PC moze silniej ogranicza¢ transformacje wsteczng SN-38G do SN-38.

Podsumowujac, wykazano, ze nowa pektyna, PC, otrzymana w wyniku enzymatycznej
ekstrakcji wyttokéw jabtkowych, posiada wyzsza aktywno$¢ przeciwnowotworowa w
poréwnaniu z modyfikowang pektyng cytrusowg, SolC. PC zmniejsza Zywotnos$¢
komérek raka jelita grubego, indukuje apoptoze i zwieksza produkcje
wewnatrzkomoérkowych ROS. Ponadto, w obecnosci PC obserwuje sie wzmocnienie
cytotoksycznego 1 proapoptotycznego dziatania niskich stezen irynotekanu.
Dodatkowo, nowa pektyna jabtkowa wykazuje silne witaSciwosci przeciwzapalne,
zapobiega adhezji E. coli do komdrek raka jelita grubego, a takze hamuje aktywnos$¢
bakteryjnej GUS. Z zastrzeZeniem, Ze wnioski oparte sg na podstawie wynikow badan in
vitro, wykazano, Ze nowa pektyna moze by¢ obiecujacym kandydatem jako dodatek do
terapii irynotekanem, ktéry modgtby ztagodzi¢ jej efekty uboczne i zwiekszy¢
skutecznos¢ terapeutyczna.
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Na podstawie przeprowadzonych doswiadczen i wynikéw zamieszczonych w publikacji
“The Use of Endo-Cellulase and Endo-Xylanase for Extraction of Apple Pectins as
the Factor Modifying Their Anticancer Properties and Affecting Their Synergy
with Active Form of Irinotecan” mozna wysuna¢ nastepujgce wnioski:

1. Obie pektyny jabtkowe PX i PCX wykazujg aktywnos$c¢ cytotoksyczng w
grupie linii komoérkowych raka jelita grubego HCT116, Caco-2 i HT-29.

2. Wartosci IC;y odnotowane dla PCX w komoérkach HT-29 i Caco-2 sg prawie
dwukrotnie nizsze niz dla PX. W komérkach HCT116 wartosci ICs, dla obu
pektyn sa poréwnywalne, mimo to PCX jest bardziej cytotoksyczny niz PX.

Badano réwniez wtasciwos$ci cytotoksyczne pektyn jabtkowych w stosunku do
komérek raka jelita grubego w obecnos$ci niskiego stezenia aktywnej formy
irynotekanu (SN-38). Lek stosowano w stezeniu 5 nM, o znikomej toksyczno$ci
wzgledem badanych linii kom6rkowych. Otrzymane wyniki badan wykazaty:

3. Istnienie synergizmu pomiedzy pektynami jabtkowymi PX i PCX i SN-38.

4. W przypadku PX, nasilenie obserwowanego efektu synergicznego jest
podobne we wszystkich trzech badanych liniach komérkowych.

5. PCX wykazywat silniejszg synergie z SN-38 w komérkach HCT116 i Caco-2,
ale nie w komoérkach HT-29. Stwierdzono zatem, ze procesy powodujgce
synergizm s3 zalezne od rodzaju komérek nowotworowych.

Obserwacje cytotoksycznego dziatania enzymatycznie ekstrahowanych pektyn
jabtkowych na komoérki raka jelita grubego uzupeiniono o badanie ich wptywu na cykl
komérkowy i indukcje apoptozy.

6. We wszystkich trzech liniach komérkowych obecnos$¢ pektyn powoduje
wzrost liczby komorek w fazie sub-G1 cyklu komorkowego (komorki
nekrotyczne i pdZno apoptotyczne), jak réwniez indukcje apoptozy.

7. W przypadku zastosowania dwusktadnikowego potaczenia pektyny
jabtkowej i SN-38 na komorki raka jelita grubego odnotowuje sie
wzmocnienie wptywu pektyn zar6wno na cykl komérkowy, jak i indukcje
apoptozy.

Ponadto zbadano zdolno$¢ pektyn jabtkowych do indukcji peroksydacji lipidéw i
akumulacji wewnatrzkomérkowych ROS. Stwierdzono, Ze:.
8. PXiPCX istotnie zwiekszajg poziom obu markerdéw stresu oksydacyjnego w
komorkach raka jelita grubego.
9. W obecnosci SN-38, efekt dziatania pektyn jest silnie wzmocniony.
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Sugeruje to, ze w warunkach eksperymentalnych pektyny wykazywaty wtasciwosci
prooksydacyjne. Takie wtasciwos$ci moga uzupeinia¢ potencjat cytotoksyczny pektyn
jabtkowych w stosunku do komoérek raka jelita grubego, poniewaz zwiekszenie
produkcji ROS moze prowadzi¢ do $mierci komoérek poprzez wywotanie apoptozy.
Obserwacja ta pozostaje w oczywistej sprzeczno$ci z licznymi doniesieniami na temat
aktywnos$ci antyoksydacyjnej roéznych preparatow pektynowych. Nalezy jednak
pamieta¢é, ze wyniki uzyskane w prostych modelach laboratoryjnych nie musza mie¢
przetozenia na warunki hodowli komérkowych.

Obecnie uwaza sie, Ze przewlekly proces zapalny lezy u podstaw rozwoju wielu
postepujacych choréb, w tym nowotworéw. Poniewaz aktywno$¢ przeciwzapalna
pektyn zostata szeroko zaobserwowana, zbadano pod tym katem nowo otrzymane
pektyny jabtkowe. Do wywotania stanu zapalnego uzyto bakteryjnego LPS. Jego
zastosowanie spowodowato znaczacy wzrost poziomu COX-2 i IL-6 we wszystkich
badanych liniach komérkowych raka jelita grubego.

10. PX i PCX silnie obnizaja poziom obu markeréw stanu zapalnego, nie
wywotujgc jednoczesnie zmiany w komdrkach niestymulowanych.

Receptory Toll-podobne (TLR) petnig gtéwna funkcje w rozpoznaniu zagrozenia i
inicjacji odpowiedzi immunologicznej Pobudzenie receptoréw TLR przez produkty
drobnoustrojow stanowi sygnat aktywujacy mechanizmy odpornosci immunologicznej
nieswoistej, co mozna zaobserwowaé poprzez miedzy innymi wzmozZong synteze
czynnikéw przeciwbakteryjnych i cytokin prozapalnych.

Wykazano, ze:

11. PX i PCX znaczgco obnizaja poziom TLR4 dostepny dla przeciwciat w
komdrkach HT-29.

Innym, waznym biatkiem regulatorowym, z ktérym pektyny wchodza w interakcje, jest
galektyna-3. Ze wzgledu na specyficzne wigzanie sie z r6znymi biatkami docelowymi
Gal-3 posredniczy w wielu procesach biologicznych zwigzanych ze wzrostem komorek,
transformacja nowotworowa, inwazja i przerzutami. Stwierdzono, ze zmiany w jej
ekspresji wystepuja w wielu stanach nowotworowych i przednowotworowych. Uwaza
sie, ze wewnatrzkomérkowa Gal-3 dziata jako czynnik antyapoptotyczny, dlatego jej
nadekspresja moze powodowac czeSciowa opornos$¢ komoérek nowotworowych na
apoptoze. Dowiedziono, Ze:

12. We wszystkich badanych liniach komérkowych raka jelita grubego obecno$¢

pektyn powoduje zmniejszenie ilo$ci Gal-3 wykrywanej przez przeciwciata.
13. PCX wptywa na obnizZenie poziomu Gal-3 w wiekszym stopniu niz PX.
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Podsumowujgc, wykazano, ze pektyny jabtkowe, PX i PCX, wykazujg aktywnos¢
antyproliferacyjna, proapoptotyczng i przeciwzapalng w komoérkach raka jelita
grubego. Co wiecej, obie pektyny wykazuja synergizm z SN-38 w zmniejszaniu
zywotnoSci komoérek nowotworowych. Jako molekularny mechanizm
przeciwnowotworowych i przeciwzapalnych witasciwo$ci pektyn zasugerowano
prawdopodobienstwo interakcji, odpowiednio z Gal-3 i TLR4. Co ciekawe, PCX okazuje
sie by¢ bardziej aktywnym czynnikiem antyproliferacyjnym niz PX, podczas gdy ich
aktywnos$¢ przeciwzapalna byta poréwnywalna. Co wiecej, PCX wykazuje réwniez
silniejsza synergie z SN-38.

W pracy przegladowej “Chemotherapy-induced diarrhea-pathophysiology current and
future treatment trends”opisano rozbudowang patofizjologie biegunki indukowanej
chemioterapia. Na podstawie aktualnych wytycznych opisano leczenie oraz potencjalnie
nowe terapie.
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Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena Skonieczna, Agnieszka
Wikiera, Olga Wesolowska, and Kamila Sroda-Pomianek. 2022. "The Use of Endo-Cellulase
and Endo-Xylanase for the Extraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Active Form of Irinotecan” Pharmaceuticals
15, no. 6: 732. mo6j wspétudziat polegat na konceptualizacji projektu.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt.:"Ocena interakcji genotoksycznych szczepdw E. Coli z nabtonkiem jelita
grubego i wptywu pektyn na aktywnos¢ przeciwnowotworows irynotekanu”
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dr Anna Palko - tabuz Wroctaw, 11.09.22
Katedra i Zakiad Biofizyki i Neurobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Maksymowicz Jerzy, Anna Palko-tabuz, Beata Sobieszczanska,
Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena Skonieczna, Agnieszka
Wikiera, Olga Wesolowska, and Kamila Sroda-Pomianek. 2022. "The Use of Endo-Cellulase
and Endo-Xylanase for the Extraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Active Form of lrinotecan" Pharmaceuticals
15, no. 6: 732. moj wspotudziat polegat na; konceptualizacji, analizie i prowadzeniu badan,
wizualizaciji, recenzji i redakciji.

Wyrazam zgode na uzyGie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego
Maksymowicza pt.."Ocena interakcii genotoksycznych szczepow E. Coli z nablonkiem jelita
grubego | wptywu pektyn na aktywnos¢ przeciwnowotworowsg irynotekanu’
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dr hab. Magdalena Skonieczna, prof. nadzw.
Katedra Inzynierii i Biologii Systeméw
Politechnika Slaska

OSWIADCZENIE

Oswiadczam ze w pracy Maksymowicz, Jerzy, Anna Palko-tabuz, Beata Sobieszczarska,
Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena Skonieczna, A gnieszka
Wikiera, Olga Wesoiowska, and Kamila Sroda-Pomianek. 2022. “The Use of Endo-Cellulase
and Endo-Xylanase for the Exiraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Active Form of Irinotecan” Pharmaceuticals
15, no. 6: 732. méj wspdtudziat polegat na; porzadkowaniu danych, analizie formalnej,
prowadzeniu badan, walidagji.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt."Ocena interakciji genotoksycznych szczepow E. Coli z nabtonkiem jelita
grubego i wptywu pektyn na aktywnos¢ przeciwnowotworows irynotekanu”
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Wroctaw 13.06.2022

dr hab. Agnieszka Wikiera, prof. URK
Katedra Biotechnologii i Ogéinej Technologii Zywnosci
Uniwersytet Rolniczy w Krakowie

OSWIADCZENIE

Oswiadczam, ze w pracy Palko-tabuz Anna, Jerzy Maksymowicz, Beata
Sobieszczariska, Agnieszka Wikiera, Magdalena Skonieczna, Olga Wesolowska, and Kamila
Sroda-Pomianek. 2021. "Newly Obtained Apple Pectin as an Adjunct to irinotecan Therapy of
Colorectal Cancer Reducing E. coli Adherence and B-Glucuronidase Activity” Cancers 13, no.
12: 2952, méj wspoludziat polegat na: konceptualizacji, porzadkowaniu danych, analizie
formalnej, izolacji pektyn, recenzji i redakcji.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego
Maksymowicza pt. "Ocena interakcji genotoksycznych szczepéw E. Coli z nablonkiem jelita
grubego i wptywu pektyn na aktywnosé przeciwnowotworows irynotekanu”.
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Wroctaw 13.06.2022

prof. dr hab. Beata Sobieszczanska
Katedra i Zaktad Mikrobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Maksymowicz, Jerzy, Anna Palko-tabuz, Beata Sobieszczariska,
Mateusz Chmielarz, Miroslawa Ferens-Sieczkowska, Magdalena Skonieczna, Agnieszka
Wikiera, Olga Wesolowska, and Kamila Sroda-Pomianek. 2022. "The Use of Endo-Cellulase
and Endo-Xylanase for the Extraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Active Form of Irinotecan” Pharmaceuticals
15, no. 6: 732. m6j wspdtudziat polegat na: analizie i prowadzeniu badan, wizualizacji, recenzji
i redakcji.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt."Ocena interakcji genotoksycznych szczepéw E. Coli z nabtonkiem jelita
grubego i wptywu pektyn na aktywnos¢ przeciwnowotworowa irynotekanu”
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Wroctaw 14.06.2022
dr hab. Olga Wesotowska
Katedra i Zakfad Biofizyki i Neurobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Maksymowicz, Jerzy, Anna Palko-tabuz, Beala Sobieszczanska,
Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena Skonieczna, Agnieszka
Wikiera, Olga Wesolowska, and Kamila Sroda-Pomianek. 2022. "The Use of Endo-Cellulase
and Endo-Xylanase for the Extraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Aclive Form of Irinotecan” Pharmaceuticals
15, no. 6: 732. md] wspotudziat polegat na, konceptualizacji, prowadzeniu badan, recenzji i
redakejl.

Wyrazam zgode na uzycie powyzsze] publikacji w rozprawie doktorskie] lek. Jerzego
Maksymowicza pt."Ocena interakcji genotoksycznych szezepow E. Coli z nabtonkiem jelita
grubego i wptywu pektyn na aklywno$¢ przeciwnowotworowa irynotekanu”
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Wroctaw 13.06.2022

mgr Mateusz Chmielarz
Katedra i Zakiad Mikrobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Os$wiadczam 2e w pracy Maksymowicz, Jerzy, Anna Palko-tabuz, Beata Sobieszczariska,
Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena Skonieczna, Agnieszka
Wikiera, Olga Wesolowska, and Kamila Sroda-Pornianek. 2022. "The Use of Endo-Cellulase
and Endo-Xylanase for the Extraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Active Form of Irinotecan” Pharmaceuticals
15, no. 6: 732. méj wspotudziat polegat na; porzadkowaniu danych oraz prowadzeniu badar.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt."Ocena interakcji genotoksycznych szczepéw E. Coli z nablonkiem jelita
grubego | wplywu pektyn na aktywno$é przeciwnowotworows irynotekanu”
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Wroctaw 13.06.202
dr hab. Kamila Sroda - Pomianek
Katedra i Zaktad Biofizyki i Neurobiologii
Uniwersytet Medyczny we Wroclawiu

OSWIADCZENIE

Oswiadczam ze w pracy Palko-tabuz, Anna, Jerzy Maksymowicz, Beata Sobieszczariska,
Agnieszka Wikiera, Magdalena Skonieczna, Olga Wesolowska, and Kamila Sroda-
Pomianek. 2021. "Newly Obtained Apple Pectin as an Adjunct to Irinotecan Therapy of
Colorectal Cancer Reducing E. coli Adherence and B-Glucuronidase Activity” Cancers 13,
no. 12: 2952. méj wspétudziat polegat na; konceptualizacji, porzadkowaniu danych, analizie
formalnej, pozyskaniu funduszy, prowadzeniu badan, metodyce, administracji projektu,
wizualizacji, recenzji i redakcji.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt."Ocena interakcji genotoksycznych szczepéw E. Coli z nabtonkiem jelita
grubego i wptywu pektyn na aktywnos¢ przeciwnowotworowa irynotekanu”
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Wroctaw 13.06.2022

dr hab. Mirostawa Ferens-Sieczkowska, prof. UMed.
Katedra Biochamii i Immunochemii

Zaktad Chemii i Immunochemii

Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Maksymowicz, Jerzy, Anna Palko-tabuz, Beata Sobieszczafiska,
Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena Skonieczna, Agnieszka
Wikiera, Olga Wesofowska, and Kamila Sroda-Pomianek. 2022, "The Use of Endo-Celiulase
and Endo-Xylanase for the Extraction of Apple Pectins as Factors Modifying Their Anticancer
Properties and Affecting Their Synergy with the Active Form of Irinotecan” Pharmaceuticals
15, no. 6: 732. méj wspdludziat polegat na konceptualizacji projektu.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt.:"Ocena interakgji genotoksycznych szczepéw E. Coli z nablonkiem jelita
grubego i wptywu pektyn na aktywno$§é przeciwnowotworows irynotekanu”
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dr Anna Palko - Labuz Wroctaw, 11.09.22
Katedra i Zaktad Bicfizyki i Neurobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Palko-tabuz, Anna, Jerzy Maksymowicz, Beata Sobieszczariska,
Agnieszka Wikiera, Magdalena Skonieczna, Olga Wesofowska, and Kamila Sroda-
Pomianek. 2021. "Newly Obtained Apple Pectin as an Adjunct to Irinotecan Therapy of
Colorectal Cancer Reducing E. coli Adherence and B-Glucuronidase Activify" Cancers 13,
no. 12: 2952. mé] wspéludziat polegat na; konceptualizacji, analizie i prowadzeniu badan,
recenzji i redakcji.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt.."Ocena interakcji genotoksycznych szczepéw £. Coli z nablonkiem jelita
grubego i wplywu pektyn na aktywnos¢ przeciwnowotworowa irynotekanu”
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Wroctaw 13.06.2022
dr hab. Magdalena Skonieczna, prof. nadzw.
Katedra Inzynierii i Biologii Systemow
Politechnika Slaska

OSWIADCZENIE

Oswiadczam ze w pracy Palko-tabuz, Anna, Jerzy Maksymowicz, Beata Sobieszczanska,
Agnieszka Wikiera, Magdalena Skonieczna, Olga Wesofowska, and Kamila Sroda-
Pomianek. 2021. "Newly Obtained Apple Pectin as an Adjunct to Irinotecan Therapy of
Colorectal Cancer Reducing E. coli Adherence and 3-Glucuronidase Activity" Cancers 13,
no. 12: 2952. moj wspdtudziat polegat na; porzadkowaniu danych, analizie formalnej,
prowadzeniu badan, metodyce.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego
Maksymowicza pt."Ocena interakcji genotoksycznych szczepdw E. Coli z nablonkiem jelita
grubego i wptywu pektyn na aktywnos¢ przeciwnowotworowg irynotekanu”
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dr hab. Agnieszka Wikiera, prof. URK
Katedra Biotechnologii i Ogéinej Technologii Zywnosci
Uniwersytet Rolniczy w Krakowie

OSWIADCZENIE

Oswiadczam, 2e w pracy Maksymowicz Jerzy, Anna Palko-tabuz, Beata
Sobieszczanska, Mateusz Chmielarz, Mirostawa Ferens-Sieczkowska, Magdalena
Skonieczna, Agnieszka Wikiera, Olga Wesofowska, and Kamila Sroda-Pomianek. 2022. "The
Use of Endo-Cellulase and Endo-Xylanase for the Extraction of Apple Peclins as Factors
Modifying Their Anticancer Properties and Affecting Their Synergy with the Active Form of
Irinotecan” Pharmaceuticals 15, no. 6: 732. mdj wspdludziat polegat na: konceptualizacii,
analizie formalnej, izolacji pektyn, recenzji i redakgji.

Wyrazam zgode na uZycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego
Maksymowicza pt. "Ocena interakcji genotoksycznych szczepéw E. Coli z nabltonkiem jelita
grubego i wplywu pektyn na aktywnosé przeciwnowotworowa irynotekanu”.
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Wroctaw 13.06.2022

prof. dr hab. Beata Sobieszczanska
Katedra i Zaktad Mikrobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Palko-tabuz, Anna, Jerzy Maksymowicz, Beata Sobieszczariska,
Agnieszka Wikiera, Magdalena Skonieczna, Olga Wesolowska, and Kamila Sroda-Pomianek.
2021. "Newly Obtained Apple Pectin as an Adjunct to Irinotecan Therapy of Colorectal Cancer
Reducing E. coli Adherence and B-Glucuronidase Activity" Cancers 13, no. 12: 2952. mdj
wspétudziat polegat na: konceptualizacji, porzadkowaniu danych, analizie i prowadzeniu
badan, walidacji, recenzji i redakcji.

Wyrazam zgode na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego

Maksymowicza pt.."Ocena interakcji genotoksycznych szczepow E. Coli z nabtonkiem jelita
grubego | wptywu pektyn na aktywnos¢ przeciwnowotworowsg irynotekanu’
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Wroctaw 14.06.2022
dr hab. Olga Wesotowska
Katedra i Zaktad Biofizyki i Neurobiologii
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam ze w pracy Palko-tabuz, Anna, Jerzy Maksymowicz, Beata Sobieszczariska,
Agnieszka Wikiera, Magdalena Skonieczna, Olga Wesofowska, and Karmila Sroda-
Pomianek. 2021. "Newly Obtained Apple Pectin as an Adjunct to Irinotecan Therapy of
Colorectal Cancer Reducing E. coli Adherence and fB-Glucuronidase Activity” Cancers 13,
no. 12: 2952. mdj wspoludziat polegat na; konceptualizacji, porzadkowaniu danych, analizie
formalnej, prowadzeniu badan, wizualizacji, recenzji i redakgji.

Wyrazam zgoede na uzycie powyzszej publikacji w rozprawie doktorskiej lek. Jerzego
Maksymowicza pt."Ocena interakgji genotoksycznych szczepow E. Colfi z nabfonkiem jelita
grubego i wptywu pektyn na aktywnost przeciwnowotworowg irynotekanu”
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