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Investigation of Genotoxic Effect of Escherichia coli in
Urinary Tract Epithelial Cells with Micronucleus Assay

Escherichia coli’nin Uriner Sistem Epitelyal Hiicrelerinde Mikroniikleus Testi
ile Genotoksik Etkisinin incelenmesi

Oz

Okan Sancer Amag: E. coli, kadinlarda idrar yolu enfeksiyonlarina neden olan bir bakteri
Muhammet Yusuf Tepebasi

Pinar Aslan Kosar

turidir. Bu calismada kadinlarin idrar yolu epitel hiicrelerinde, enfeksiyona
bagli DNA hasar etkilerinin arastiriimasi amaclandi. Metot: 40 E. coli enfek-
Department of Medical siyonu olan ve 40 enfeksiyon olmayan kadinlarin idrar yolu epitel hiicreleri,
Biology, Faculty of toplandi ve mikroniikleus analizine tabi tutuldu. Her iki grupta mikrontikleus
Medicine, Siileyman ve binlikleus parametreleri genom stabilitesinin degerlendiriimesi icin kulla-
Demirel University, Isparta, nildi. Tam idrar érneklerinin pH, I6kosit, 16kosit esteraz, nitrit degerleri H-800
EY ve FUS-200 tam otomatik idrar cihazi ile analiz edildi. Bulgular: E. coli en-
feksiyonu olan ve enfeksiyon olmayan gruplarin sonuglari istatistiksel olarak
Mann-Whitney U ve Independent Sample T testi ile degerlendirildi. Mikrontik-
leus, binukleus, idrar, I6kosit, I6kosit esteraz ve nitrit parametreleri i¢in sonug-
lar istatistiksel olarak anlamli bulundu (p<0,05). pH sonuglari ise istatistiksel
olarak anlaml bulunmadi (p>0,05).

Sonug: idrar yolu epitel hiicrelerinde bulunan E. coli’ nin, DNA hasarini in-
dikledigi gorilmustir. Antibiyotik tedavisinin hastalarda erken kullanimi ve
uygun dozda kullanimi ile DNA hasar seviyesini azaltmaya yardimci olabile-
cegi soylenebilir.

Anahtar Kelimeler: Mikroniikleus, idrar yolu, DNA hasari, Escherichia coli
Abstract

Object: E. coli is a type of bacterium that causes urinary tract infections in
women. The aim of the work was to investigate the possible use of epithe-
lial cells from the urinary tract in identifying infections—related DNA damage
effects in women. Methods: Epithelial cells from urinary tract were collected
Yazisma Adresi: from 40 E .coli infection and 40 control (non- infection) women and subjec-
ted to micronucleus assay. Number of cells with micronucleated, binucleated
cells were counted in two groups as parameters for the evaluation of genome
stability. All of urine samples pH, leukocyte, leukocyte esterase, nitrite results
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Siileyman Demirel University, measured with H-800 urine analyzer and FUS-200 urine sediment analyzer.

Isparta, Turkey. Result: E. coli infection and non-infection groups test results were statistical-
: : ly evaluated with Mann-Whitney U and Independent Sample T test. A p-value
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Tel: 0 246 211 9451 of <0.05 was found statistically significant for micronucleus, binucleus, and

urine , leukocyte, leukocyte esterase and nitrite parameters. pH results was
not found statistically significant (p>0,05). Conclusion: The detection of E.
coli in urinary tract epithelial cells showed that induce DNA damage. It can
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be said that patients with early antibiotics and doses,
early treatment may help to reduce the level of DNA
damage.

Keywords: Micronucleus, Urinary tract, DNA dama-
ge, Escherichia coli

Introduction

Urinary tract infections (UTIs) include upper and lower
urinary tract infections in which urothelial infections
occur by the proliferation of pathogens. Urinary tract
infections are the most common extraintestinal dise-
ases among women in the world, and they cause di-
seases such as urethritis, cystitis and acute/chronic
pyelonephritis [1,2]. Women are at the risk of UTIs be-
cause of they have urine retention, sexual activity and
spermicides as well as short urethra [3]. Commonly
E. coli strains, found in the intestine, have symptoms
of urinary tract infections when they enter the urinary
tract [4]. E. coli strains synthesize another genotoxin,
colibactin which natural products produced. The coli-
bactin (clb) -like metabolites are encoded by a hybrid
polyketide synthase (pks), non-ribosomal peptide sy-
nthetase (nrps) gene cluster termed clb or pks. The E.
coli strains are divided into the main groups A, B1, B2,
D, and E. The B2 phylogroup has mainly the pks ge-
nomic island. pks+ E. coli strains induce DNA damage
in eukaryotic cells [5,6].

In the present study, We investigated the genotoxic
effect of E. coli by micronucleus assay in women with
urinary tract infection.

Materials and Methods

We selected 2 group with E. coli infection and control
(non-infection) female at Sileyman Demirel Univer-
sity Hospital (Isparta, Turkey) between August 2017
and October 2017.

A total of 80 individuals consisting of 40 E. coli infecti-
on, and 40 control female patients were monitored for
DNA damage in urinary tract epithelial cells by Mic-
ronucleus assay. The age of women participating in
the study varies between 19 and 75 years. All of the
80 urine samples were analysis with dipstick for pH,
nitrites, leukocyte esterase. Leukocyte count detected
with automatic urine sediment analyzer.

After evaluating the urine microscope, samples of de-
tected epithelial cells were cultured in bacterial cultu-
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re bloody and Eosin Methylene Blue (EMB) agar. If
bacterial culture include to E. coli, the samples were
evaluated as patient group. If bacterial culture not inc-
luded to E. coli, the samples were evaluated control
group (Figure 1).

Epithelial cells were isolated from urine samples by
centrifugation and slides prepared according the met-
hod previously described by Lehucher-Michel et al.
[7]. In order to minimize degenerative cell changes,
urine samples were collected in sterile plastic bottles
and stored at 4°C. Epithelial cells from the urinary
bladder and ureter were concentrated by 10 min
centrifugation (400X g). Urine was removed and fixed
in 5 ml of fresh fixative solution (methanol/acetic acid,
(3 : 1). Following a 20 min storage period at 4°C cel-
Is were submitted to a second 10 min centrifugation
(400 X g). The fixative solution was not completely re-
moved and the pellet was resuspended and dropped
onto pre-cleaned microscope slides and dried for 24 h
at room temperature. The samples were collected by
asking age, antibiotic, pathological information, expo-
sure to radiation and chemical agents. The Ethical
Committee of Stleyman Demirel University approved
this study (Ethics committee No:122).

Figure 1.
E.coli colonies (green metallic sheen) on EMB agar
(A). Not colonize E.coli (B).

Collection of Urine Samples and
Personal Information

Only women patient samples were taken from each
patient using sterile urine container. The patients
were asked if they have any chronic and hereditary
disease, antibiotic use at least 1 month and exposure
to radiation/chemical agents.
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Evaluation of Micronucleus Assay
and Urine Dipstick

All of urine samples pH, leukocyte, leukocyte estera-
se, nitrite results measured with H-800 urine analyzer
and FUS-200 urine sediment analyzer. Urinary tract
epithelial cells was stained according to the method
of Papanicolaou 1963 [8] with some modifications.
Micronucleus (MN), binucleus (BN) parameters have
been evaluated with 400X magnification of the light
microscope. For each slides, 1000 cells were exami-
ned.

Statistical Analysis

IBM SPSS 24 program was used for statistical evalu-
ation. Mann-Whitney U test was performed to compa-
re the number of cells micronucleus, binucleus, urine
pH, leukocyte and nitrite parameters. Independent
sample t test was performed to compare the leuko-
cyte esterase. Mean with SD’s for each groups were
calculated.

Results

In our study, DNA damage in urinary tract epithelial
cells in 40 patients and 40 control group was investi-
gated by micronucleus assay. Normal epithelial cell,
micronucleated and binucleated cells displayed Figu-
re 2.

-'a

Figure 2. Normal urinary tract epithelial cell with Pa-
panicolaou stain demonstrated (A), binucleus (B),
micronucleus (C). Magpnicifitaion: 400X.
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We found 17,5% binucleus, 30% micronucleus and
52,5% normal epithelial cells in infection group, res-
pectively. However, non-infection group we found 5%
binucleus, 2,5% micronucleus and 92,5% normal,
respectively (Figure 3). Micronucleus, binucleus re-
garded as statistically significant (p<0.05) (Table 1).

Table 1 Micronucleus, binucleus statistical results

______________________________________________________________

Mean % Std. Error P

E. coli infection group

| Micronucleus 0.28:0.124  <0.05 |

{ Binucleus 0.20£0.064  <0.05 !

Non-infection group

i Micronucleus 0.03+0.025 <0.05 i

i Binucleus 0.05+0.035 <0.05 |
Epithelial Cells % Value
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Figure 3. Epithelial cells % value

As a result of chemical analysis performed in control
and patient group, leukocyte leukocyte esterase and
nitrite results were found to be statistically significant
(p<0.05). Only urine pH result not statistically signifi-
cant (p>0.05). Urine analyze pH, leukocyte, leukocyte
esterase, nitrite results shown in Table 2.
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Table 2 Comparision of urine analyze test results

_______________________________________________________________

_______________________________________________________________

Urine Analayze pH Leukocyte Leukocyte Esterase Nitrite
(Mean/Std.Error) (Mean/Std.Error) Pos Neg Pos Neg
E. coli infection 6,03+0,08 137,4+41,73 32 8 15 25
(n=40) (%80)  (%20) (%37,5) (%62,5)
Non-infection 5,85+0,12 30,87+56,36 23 17 0 40
(n=40) (%57,5) (%42,5) (%100)
Discussion found significantly related with urine culture results

The aim of this study was to evaluate DNA damage in
urinary tract epithelial cells with Micronucleus Assay.
E. coli plays an important role in the diagnosis of uri-
nary tract infection, affecting 150 million people each
year worldwide [9]. Recurrent urinary tract infections
(UTls) are among the most common bacterial infecti-
ons, especially in the women.

Khan et all [10] studied urinary tract infection and
associated risk factors in post-menopausal women.
They found the prevalence of UTls was found to be
15.7% and common clinical condition affecting the
ageing women. Testing for the presence of micro-or-
ganisms in the urinary tract, in order to diagnose as-
ymptomatic bacteriuria or symptomatic urinary tract
infections (UT]), is very common at all levels of health
care [11].

Several rapid screening tests are used commonly
to make a presumptive diagnosis of UTI, including
dipstick biochemical analysis of urine for pH, nitrites,
leukocyte esterase. The leukocyte esterase dipstick
a widely used to identify patients with pyuria associ-
ated with infection [12-13]. Devillé et all [11] studied
with the urine dipstick test to rule out infections. Ove-
rall, their research demonstrates that the urine dipsti-
ck test alone seems to be useful in all populations to
exclude the presence of infection if the results of both
nitrites and leukocyte-esterase are negative. Urinary
system infections support with urine pH of 7.5 and
above a study by Ozer et all [14] of 575 patients with
leukocyte esterase, leukocyte, nitrites results was

Med J SDU /

2018:25(3):298-302

but urinary tract infections reported was not statisti-
cally significant between urine pH and UTls. Thornton
et all [15] studied to determine the effect of different
pH and urine concentrations on E. coli growth in vit-
ro. The lowest log CFU/mL were observed in alkaline
concentrated urine. According the present study E.
coli infection and non-infection cases leukocyte este-
rase, leukocyte and nitrites results was found statis-
tically significant (p<0.05) but pH was not statistically
significant (p>0.05).

E. coli is the most common cause of infections by
Gram-negative bacilli and induces DNA double-strand
breaks in eukoryotic cells [16]. In assessing chromo-
somal damage, the MN test is used as a marker of
genomic instability in the standard genotoxicity sys-
tem [17]. Cuevas-Ramos et all [18]. show that a sing-
le, short exposure of cultured mammalian epithelial
cells to live pks+ E. coli at low infectious doses in-
duced a transient DNA damage response followed
by cell division with signs of incomplete DNA repair,
leading to anaphase bridges and chromosome aber-
rations. Micronuclei, aneuploidy, ring chromosomes,
and anaphase bridges persisted in dividing cells up to
21 d after infection, indicating occurrence of breaka-
ge—fusion-bridge cycles and chromosomal instability.
In this study E. coli infection and non-infection cases
MN and BN results was found statistically significant
(p<0.05).

The application of the micronucleus test to epithelial

cells of various human tissues will provide evidence
of exposure to carcinogens and clastogens. The de-
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tection of E. coli in urine, early antibiotics and doses,
early treatment may help to reduce the level of DNA
damage.

Disclosure Statement

The authors of this study have no relevant financial
interests to report.

References

1-Dielubanza JE, Schaeffer JA: Urinary Tract Infe-
ctions in Women. Medical Clinics of North America.
2011;95:27-41.

2- Kunin MK: Urinary Tract Infections in Females. Cli-
nical Infectious Diseases.1994;18:1-12.

3- Hotchandani R, Aggarwal KK: Urinary Tract Infe-
ctions in Women. Indian Journal of Clinical Practice.
2012;23(4):187-192.

4- Edén SC, Jodal U, Hanson LA, Lindberg U, Aker-
lund SA. Variable adherence to normal human uri-
nary-tract epithelial cells of Escherichia coli strains
associated with various forms of urinary-tract infecti-
on. The Lancet. 1976;308(7984):490-492.

5- Taieb F, Petit C, Nougayréde PJ, Oswald E. The
Enterobacterial Genotoxins: Cytolethal Distending
Toxin and Colibactin. ASMScience.org/EcoSalPlus
DOI:10.1128/ ecosalplus.ESP-0008-2016.

6- Healy RA, Nikolayevskiy H, Patel RJ, Craw-
ford MJ, Herzon BS. A Mechanistic Model for Co-
libactin-Induced Genotoxicity. J. Am. Chem. Soc.
2016;138:15563-15570.

7- Lehucher-Michel MP, Amara-Mokrane YA, Devictor
B, Catilina P, Botta A. Micronuclei kinetics of exfolia-
ted urothelial cells. 1995;354:1-7.

8-Papanicolaou GN. Atlas of Exsfoliative Cytology.
Cambridge, Published for the Commonwealth Fund
by Harvard University Press, 1963.

9- Flores-Mireles LA, Walker NJ, Caparon M, Hultg-
ren JS. Urinary tract infections: epidemiology, mec-
hanisms of infection and treatment options. Nat. Rev.
Microbiol. 2015;13(5): 269-284.

10- Khan S, Athar Ansari M, Vasenwala SM and Mo-
hsin Z. Urinary Tract Infection and Associated Risk
Factors in Post-Menopausal Women. Int.J.Curr.Mic-
robiol.App.Sci. 2015 ;1: 230-235.

11- Deville WLIM, Yzermans JC, Duijn NP, Bezemer
PD, Windt DAWM and Bouter LM. The urine dipstick
test useful to rule out infections. A meta-analysisof the
accuracy. BMC Urology 2004; 4:4

12-Yildinm M, Sahin i, Kiigiikbayar A, Oksiiz S, Acar

Med J SDU /

S, Yavuz TM. The Validity of the Rapidly Diagnostic
Test for Early Detection of Urinary Tract infection.
Duizce Tip Fakultesi Dergisi. 2008;3:39-42.
13-Stamm EW, Hooton MT. Management of Uri-
nary Tract Infections in Adults. N Engl J Med. 1993;
329:1328-1334.

14- Ozer B, So6giit S, Duran N, Ozer C, Kuvandik G,
Cetin M. The diagnostic value of laboratory tests in
urinary tract infections. Turkish Microbiological So-
ciety. 2007;37(3):152-156.

15- Thornton LA, Burchell RK, Burton, SE, Lopez-Vil-
lalobos N, Pereira D, MacEwan |, Fang C, Hatmo-
djo AC, Nelson MA, Grinberg A, Velathanthiri N, Gal
A. The Effect of Urine Concentration and pH on the
Growth of Escherichia Coli in Canine Urine In Vit-
ro. J Vet Intern Med, 2018;00:00-00 DOI: 10.1111/
jvim.15045

16- Nougayréde JP, Homburg S, Taieb F, Boury M,
Brzuszkiewicz E, Gottschalk G, Buchrieser C, Hac-
ker J, Dobrindt U, Oswald E. Escherichia coli induces
DNA double-strand breaks in eukaryotic cells. Scien-
ce. 2006;313(5788):848-51.

17- Sekeroglu V, Atli-Sekeroglu Z. Micronucleus test
for determining genotoxic damage. Turk Hijyen ve
Deneysel Biyoloji Dergisi. 2011; 68(4): 241 — 252
18-Cuevas-Ramos G, Petit CR, Marcq |, Boury M,
Oswald E and Nougayréde JP. Escherichia coli in-
duces DNA damage in vivo and triggers genomic
instability in mammalian cells. PNAS 2010, 107 (25)
11537-11542.

2018:25(3):298-302

10.17343/sdutfd.375078




