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Clinical significance of vesicoureteral reflux (VUR

In infancy and childhood vesicouretral reflux (VURpPmM the urinary
bladder into the ureters and the kidneys can dfeedetected in the background of
uretral infections and pyelonephritis (PN). Unde&tdoor untreated VUR may lead
to kidney insufficiency in the long-run. Clinicabservations confirm that the
course of VUR may vary with age. In infanthood aratly childhood reflux is
often found to cease spontaneously without anytrreat, it maturates, while in
some cases despite recognising and treating VUfmi@ further damage of the
kidneys cannot be stopped. No explanation for tliferdnces in the factors
influencing the course of the disease can be gbyehistological and molecular

genetics research on the topic.

PN often appears as a consequence of VUR sincaritie reflux from the
urinary bladder to the kidneys delivers bacteri@ ithe upper urinary tract. PN
may lead to the damage of the parenchyma of theekidwhich results in
deteriorated kidney function. The treatment stratefVUR may be determined
by the discovery of the factors influencing the rseuof the disease and the long-
term successful treatment. In the view of all theffective treatment methods may
be applied which may contribute to the preventibkidney insufficiency due to

VUR, dialysis treatment or kidney transplantation.

The role of ureter motility in the development dJR is not clear. It is not
known if ureter motility disorder resulting from \RJis primary or secondary, i.e.
if motility disorder leads to the development of RWr the pathological motility is

a consequence of VUR.

Untreated or undetected VUR can seriously damagé&itiney affected and
reflux nephropathy (RN) may appear. ProgressioRMfmay lead to hypertension

or, in the case of bilateral kidney involvementpterenal uraemia or uraemia.



Factors responsible for the development of RN aoé fully known.
Damage of the kidney affected may occur as a re$uting-term persistent VUR
or RN may not develop at all. In a certain numbercases RN shows a fast
progression and, at a young age already, severneXithilure may develop even
due to short-term VUR. The severity of VUR play aaal role in the
development of RN but it is doubtful whether itM&R only, which determines
the appearance and progression of RN. In the mastdés researchers focused on
such immunological processes, which can geneticltgrmine and individualise
the intensity of the inflammatory responses givenptathogens, consequently
having an effect on the severity and progressiorthef damage of the kidney

parenchyma.



Treatment of VUR

The primary aim of VUR treatment is the preventinnfections affecting
the kidneys especially the development of PN. Reatrupper urinary tract
infections may result in kidney failure and the elepment of kidney parenchyma
scars, i.e. they may lead to RN. In the case of Vi#pending on the severity of
the disease, the age and the condition of the kgjritbere are several methods for
treatment. When severe, high-grade (gr. 1V-V.) weflcan be detected in
infanthood temporary relief of the kidneys may leeessary by surgical treatment.
In this case vesico-cutaneostoma is prepared. iditimg VUR the measure of the
widening of the ureter and the renal cavity as veslthe frequency and the
severity of urinary infections may decrease or ee#és severe VUR the duration
of the relief of the kidneys is usually 6-12 monthksllowing the disappearance of
the widening the stoma can be closed. In the chpersistent VUR, at the time of
closing the stoma, ureter(s) neoimplantation ifte bladder is performed. The
treatment of VUR is also possible by using a coretere treatment method,
which is a long-term and low-dose antibiotic treatr i.e. a chemoprophylaxis.
This conservative treatment method is usually appin a young age, in a low-
grade VUR (I-lll) and when the kidneys do not sh&M and are in a good
condition. The prophylaxis, under strict nephrobadi control, is generally
recommended for a year. After this repeated MCUIRE examination is
performed to detect the severity or the disappearanf VUR. The results
determine the possibilities for further treatméfthen conservative treatment does
not result in the disappearance or maturation oRYdr despite the adequate
conservative treatment there are serious infecti® develops, which can be
managed by surgical treatment. Primarily, the malinmvasive endoscopic
subureteric injection treatment (STING) should be chosen, which, following an
unsuccessful conservative treatment, is used adtemative of the open surgical
intervention. Its main advantages are that it ioapatient treatment, it does not
cause any pain, it is less demanding for the ahrldr organism and, when it is

unsuccessful, it can be repeated. Moreover, wheae required an anti-reflux



operation can be performed. Open surgery can Herpexd when RN does not
respond to the injection treatment or when it reach severe grade (IV-V). In this
case the ureter, forming a new submucous canal appropriate length, is

implanted into the bladder again (ureter neoimgitom).

STING

STING, as a minimal invasive treatment method, was agesl by Puri and
O’Donnell in 1984. This semi-conservative treatmergthod has become well-
known world-wide. At the beginning teflon was usasla material for injection.
Later on other materials, such as Macroplast ofuRefvere introduced. During
the intervention urethro-cystoscopy is performedgeneral anaesthesia. The
cystoscope can show the orifice of the ureter xeflthrough the cystoscope, a
needle fixed to a thin metal or plastic tube is i the bladder. The needle is
stuck in the submucosa of the ureteral orifice dhchugh the thin tube fixed to
the needle, 0.2-0.6 ml injection material (tefldmacroplast, Deflux) is injected
under the mucosa. The injected material forms @&rgphke, bulging depot under
the submucosa, which raises and narrows the uretefiae, increases the length
of the intravesical ureter and prevents the urimaflpyx from the bladder towards

the upper urinary tracts.

Recently some technical alterations in the injecticcatment have been
recommended, as a consequence of which the effifathe treatment improved.
The Hydrodistension Implantation Technique (HIT)k Hzeen introduced, by the
help of which, using a stream of fluid, the uretevafice can be opened thus
making the injection in the upper, i.e. intramunadrt of the ureter possible. A
drawback of STING treatment is that it is perfornmedeneral anaesthesia. On the
other hand the advantages are that it is not deimgfior the children’s organism,
it is a short intervention causing a minimal posetive pain and it does not
require hospitalisation for several days. The tsssliow that as a consequence of
one single injection VUR disappears in 75-80% oerage, while after the second

one it ceases in 94%.



The role of C-kit positive cells in ureter motility

Those cells are called c-kit positive cells, on sheface which c-kit proto-
oncogene or tyrosine kinase receptors can be ddteEhe tyrosine kinase enzyme
plays a major role in cell differentiation. The it-keceptor is also known as
CD117 (cluster of differentiation). ICC showing t-kositivity was discovered
and described first by a Spanish neurohistolo&atnon y Cayal in 1893. ICC can
be found in the entire length of the gastrointedtimact. It is also called as a
pacemaker cell because electrophysiological examimashow that it produces
and transmits slow electrical waves. From morphicklgaspects the cells are

bipolar with two dendritic processes, little cytagin and an ovoid nucleus.

What stands in the physiological background ofglastaltic movement of
the ureter is still unknown. In vitro investigat®rshow that following the
denervation of the ureter the autonomous pacenedternty of the ureter can be

detected.

Electrophysiological examinations showed that thkerting point of the
pacemaker activity of the ureter is the proximalaof the renal cavity. Pacemaker
potential was measured both in the upper and tliellmiand the lower section of
the ureter. It seems that two kinds of cells plapaor role in the pyeloureteral
peristalsis. One of them includes ICC or ICC-likellx producing low wave
potential changes and the other includes atypicedosh muscle cells with high
frequency. The stimuli are transmitted from thepatgl smooth muscle cells
providing high frequency directly through the ICE@lls. to the muscles. As a
consequence of the interaction between the twotgp#s the frequency of the
peristaltic wave decreases from the pyelouretexatgss towards the distal ureter.
Electromicroscopic examinations of the ICC showet th some cases these cells
have several processes and have connections wite smooth muscle fibres and

nerves.



The disorder of ureter motility, the lack of ICCdaecrease in the number of
ICC can be suspected in the background of hydreumvelopment in certain
diseases, such as non-obstructive hydronephrasigyéloureteral stricture a
significant drop in the number of ICC was detectedaddition, in vesicoureteral

reflux remarkably less ICC can be detected in thdV

Cells showing c-kit receptor positivity but havimgorphology different
from the ICC can be detected throughout the ergingth of the uropoietic tract.
These cells are histiocytes or mastocytes, whielspherical in shape and contain

granules within their cytoplasm.

The granulomas contain some protein-like materibltey can be detected
in the lamina propria of the ureter and the VUXh@ pyelon and also in the walls
of the bladder. Their primary role is to give imflmatory or allergic immune
reactions. During the activation of the cells aetproteins are released from the
granules found within the cytoplasm. In the grasué the mastocytes there are
several peptides known, such as histamines, piasidigs, leukotrienes and
cytokines. Although the role of mastocytes in ur@tetility is not known it can be
suspected that the materials released by paragr@ohanism may have an effect
on the smooth muscles of the ureter, i.e. on unetetility. The structural and
functional relationships between the mastocytes #mad ICC, and also their

influence on motility in the gastrointestinal tréetve already been demonstrated.



The role of the toll-like receptor 4 (TLR4) in the elimination of the
uropathogen

The immune system has to recognise the harmfubpemdi and has to
separate them from its own useful antigen stora way it becomes and remains
tolerant to the latter ones. The immune systembeadivided into two main parts.
One is the so called inborn part providing natumamunity and the other is the

acquired part responsible for the adaptive defemeehanisms.

The TLR, which is primarily responsible for detecti pathogens, is a
molecule (13 are known at present) coded by the eaigas part of natural
immunity. It belongs to the family of the so callpdttern recognition receptors
(PRR) and it recognises the molecular structurstrmctures expressed on the cell
surface, i.e. the Pathogen Associated Molecular tefPat (PAMP).
Lipopolysacharids (LPS), bacterial lipoproteins 8L peptidoglycans (PGN) and
lipoteichol acids (LTA) belong to the primary PAMiBands. Through the
individual TLR receptors other and other microliigands activate the given cells
(with some overlaps). The different ligands geregrtly common, partly private
gene expressions. The TLR signalling pathways atgithe common transcription
factors. Although different TLR signals involve sian or identical molecules in
the process during their activation, they can alsovate immunological responses
different from one another and specific to the givilLR. Recently research has
been focusing on each TLR, especially on TLR4. Sigaificance of TLR4 can
also be explained by the fact that it function@ad.PS receptor. The importance
of sepsis caused by Gram-negative bacteria maksttigges of immune reactions
given to endotoxins relevant. The biochemical amdecular biological processes
determining and influencing the intensity of TLR&& immune reactions are also
important from this respect. They determine thdacafly of natural immunity
against Gram-negative pathogens. Due to the mautdtaving an effect on the
structure of PRR, there is no cell activation bg thPS. Consequently, those
individuals who suffer from this are prone to deyeinfections caused by septic

bacteria.The studies on TLR4 polymor phism (genetical variant coding individual



patterns) are remarkable because they give reasons why individuals respond with
a less intensive (e.g. air way) reaction given to inhaled toxins than others. The
expressed TLR4 polymorphism is associated with duged response activity
given to LPS, which, consequently, results in aenmioderate irritative (e.g. air
way) reaction. Due to the decreased cytokine pribaluchowever, the resistance
to endotoxins also becomes weaker, which may besthuece of frequent and

severe infections.

The TLR4 can be detected in the uroepithelium ef plyelon, ureter and
urinary bladder. It is also expressed on the sartdanonocytes and histiocytes. It
Is responsible for the recognition of the bactegiadiotoxin part of the uropathogen
LPS as well as for the activation of the immunegroese and the inflammatory
reaction. The role of TLR4 in VUR is not known. idtal observations show that
RN does not develop in a certain number of patisafering from VUR despite
the long run of the disease, while progressivelrnare, RN, develops in a short
time in other patients suffering from VUR. In sealecases further renal damages
cannot be prevented even by adequate treatmentBf. t is still unknown what
factors are responsible for this diversity in theurse of disease. It can be
suspected that individual immune reactions, thensity of the inflammatory
reaction to pathogens and the epithelial reactideseloping due to the
inflammatory response can lead to kidney damagesffi@erent extent. The TLR4
and the immune response activated by itself plenapor role in the recognition of
uropathogens. Further studies are needed to shoetheih the individually
different expression and the polymorphism of TLRdynbe responsible for the
diversity of the course of VUR, which may have aftuence on the development
of RN.



Main goals

Animal investigations

The study of the effect of VUR developed by opergsty in Viethamese

pot belly pigs on the c-kit positive cells playiagole in ureter motility.

Human investigations

1. The study of the efficacy of STING-treatment on tbeg run. The ultra
sound follow-up of teflon depot in order to studiether the teflon depot
has an effect on the success of STING-treatmeatpticurrence of urinary

infections and the progression of RN.

2. The demonstration of the TLR4 expressed on thdelpiim located on the
VUJ part of the patients with VUR having undergoae antireflux
operation. The study of the TLR4 expression andrétetionship between

the development of RN and its progression.
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Patients and M ethod

1. Development of VUR in Vietnamese pot belly pig¥:he demonstration
of c-kit positive cells in the VUJ of Viethnamese gdoelly pigs

We developed VUR by open surgery in 10 Viethamesebplly pigs. The
operations were performed in intratracheal narcmsi8-4-month old, 10-15 kg in
weight female Vietnamese pot belly pigs. The animaéstigations were carried
out with the consent of the Regional Research Etliommittee of the Medical
Health Care Centre at the University of Pécs, Hongdicence number:
04324/2006).

Following a lower median laparotomy the abdominallwnuscles were
separated in the midsaggital line. Then we appmddo the urinary bladder,
which was opened saggitally. The ureter orificesenstuated deeply on the area
of the bladder neck. The ureter orifice on the tfte was incised by a pair of
straight scissors in the length of 8-10 mm in thmetgction of a metal probe.
Turning out the edges of the incised ureter we detveut to the bladder mucosa
with some sutures using a 5/0 Vicryl Rapide threBlde purpose of the ureter
incision was to shorten the intramural portion b€ tureter. VUR developed
because of maintaining the ureter orifice open &wisg it out to the bladder

mucosa. The bladder was closed by chain sutur@s/dryl thread).

A 14 Ch transurethral silicon catheter fixed to bi@dder neck was placed
in the bladder.

The bladder catheter was removed on the 3rd pesttpe day. Following
surgery MCU was performed in order to control tiiicacy of the intervention,
l.e. to demonstrate the development of VUR. Duritlge examination

lopamiro-300 was used as a contrast material.

The MCU was repeated 4 weeks following the opematiOnly those

animals were included in the study, in which VURIlcbbe detected even 4 weeks

11.



after the intervention. During the repeated MCU fligs were sedated with a
combination of some premedication agents used doyesy. The bladders were

filled transurethrally.

The severity of VUR was grade Il-lll in every case.order to provide for
antibiotic prophylaxis 25 mg/kg of body weight ahpicillin was mixed into the
food of the animals twice a week. During the 6-rhofailow-up, to exclude the
presence of any infections, three bacteriologisalngnations of the catheterised
urine were performed. The pigs were killed 6 morfthiowing the surgery. The
non-refluxing ureter on the right side and the weafig ureter on the left side
together with the VUJ process were removed. Foligna 4% paraformaldehyde
fixation the tissues were embedded in paraffin a@ctions of 8u sickness were
prepared for the purposes of histological and imohistochemical processing.
Immunohistochemical procedures were applied to destnate the c-kit receptors.
As primary antibodies mouse monoclonal CD117 axlig® (Novocastra,
Newcastle upon Tyne, United Kingdom) in a 1:40 aasolution and rabbit
polyclonal CD117 antibodies (Santa Cruz Biotechggloinc. Santa Cruz,
California, USA) in a 1:200 ratio solution were dsés secondary antibodies and
also for signalling the receptors Envision+SystenABD (Dakocytomation,

Glostrup, Denmark) reagent solutions were applied.

Following the immunohistochemical signalling haeoxgtin staining was

done to be able to separate the cells more easily.

For the purposes of negative samples (controls) nive-refluxing (not
incised) right ureter and the VUJ of the same mgvesd, on which the same
immunohistochemical examinations were performednda light microscope the
number and distribution of c-kit positive cells wetompared in VUR and non-
VUR ureters. The samples were dissected from tité end left distal ureters and
VUJ sections of each animal, from 5-5 differentnfadljacent parts. Ten adjacent
fields of 1 mni were examined. The evaluation of the samples e&®mned by

two histopathologists independent from one another.

12.
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2. Detection of TLR4 on the epithelium of the distaureter and the VUJ
in healthy subjects and in those affected by VUR (lman investigations)

For the purposes of our study we used the distaleurends and VUJ
sections removed due to VUR by antireflux surg&gten, Politano-Leadbetter)
in Hungarian paediatric surgery centres. The sasnplkere put in liquid Nitrogen
right after the sampling and stored at -80 °C. gétber 16 children’s distal ureters
and VUJ sections were examined. Each patient imebim the study suffered from
unilateral VUR. On the basis of severity distrilbatireflux was grade 1l in seven
patients, grade IV in five patients and grade Vioar patients. At the time of the
surgery the patients’ average age was 4.6 year®o(ihs — 12 years). Prior to the
surgery, the patients received permanent antibiptaphylaxis. They did not
undergo any other treatments (e.g. STING) and théyot have any infection a
month before the surgery. Prior to the antireflotervention DMSA examination
was performed in all the 16 patients. The preserid@N was detected in eight
patients. The control samples (8 ureter ends) waired partially from young
kidney donors (6 samples) and partially from clatdrdied in accidents (2
samples). The study was carried out with the caneéthe Regional Research
Ethics Committee of the Medical Health Care Cemtréhe University of Pécs,
Hungary (licence number: 04324/2006).

The samples were divided into three groups. Ths group involved those
samples, in which RN could be detected as a coeseguof VUR (8 ureters — RN
positive). The second group contained those patieiaimples, in whom, besides
VUR, DMSA did not show RN (8 ureters — RN negativEhe third group was
consisted of the control samples (8 ureters). Rtwrdistal segments of the ureters
and from the VUJ sections in each group 15-15 digses of 8u thickness were

prepared using the cryostat sectioning technique.

The immunohistochemical examinations were carrietby using TLR4

polyclonal rabbit primary antiserum (Santa CruztBamnology Inc. Santa Cruz,

14.



California, USA). PBS solution was applied for thiimg and the thinning ratio was
1:300. The sections were incubated for 12 hours4a®C. The Envision+System
DAB (Dakocytomation, Glostrup, Denmark) solutionsmased for staining. We
did haematoxylin staining in order to make the safan of the cells easier. To
demonstrate the specific immune reaction the imrhigtochemical staining was

also done without the intubation with the primanyilaody.

The samples were examined by light microscope. ¥denened whether the
TRL4 expression appears on the epithelium of treteur The intensity of the
TLR4 expression was compared in the digital picgusken from the samples of
the three groups. The immunohistochemical exananatshowed TLR4 positive

spherical cells even on the subepithelial surfd¢aeureter.

To find out the origin of the cells double immunaftescence staining was
performed using c-kit monoclonal mouse and TLR4ygohal rabbit primary
antiserum. The light microscopic analysis on th& Sections dissected from
different segments of the distal ureter was caroed and evaluated by two

histopathologists independent from one another.
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3. Examination of the detectabilty of teflon-depot,the occurrence of
urinary infections and the development of RN duringthe long-term
follow-up of STING treatment

At the Department of Paediatrics at the Paedia@iasic of the University
of Pécs, Hungary STING treatment was performed3i dhildren suffering from
VUR between 1989-2000. Six weeks following the imémtion US examination
was carried out and 6 months after the intervenitf&U was performed. Only
those children were included in the long-term stualigo attended nephrological
check-ups on a regular basis, in whom the US exatiom six weeks after the
injection treatment showed teflon-depot and six thenfollowing the STING
treatment MCU demonstrated the disappearance of .VI#iR average length of
the follow-up was 10.4 years (4-14 years). Outhef 136 patients 99 (143 ureters)
met the criteria. At the time of the STING treatméme severity distribution of
VUR in the 143 ureters were the following: grad@&,grade Il: 24, grade IlI: 78,
grade IV: 30 and grade V: 3 (figure 1). In gradéUR injection treatment was
performed only in those patients who suffered flolateral VUR and the tratment
was indicated due to the more severe contrala¥J&. Bilateral VUR developed
in 47 cases. The boys-girls distribution was 78dring the long-term follow-up,
due to the detectabilty of teflon-depot by US, gatients were divided into two
groups:depot (+)— the teflon-depot can be detected in the bladdpot (-) — the
teflon depot cannot be detected in the bladder.eamined whether there is a
relationship between the development or disappearan teflon-depot and the
recurrence of the reflux. We also examined theuesgy of urinary infections
during the treatment (significant bacteriuria, PRuring the long-term follow-up
DMSA examination was also performed. In those pésievho had DMSA prior to
the STING treatment there was an opportunity tavera the percent alteration of
the distribution of newly developing parenchymarsand the renal function. RN
was diagnosed when DMSA clearly showed the paremaehgcars and the
refluxing kidney function was below 25% comparedhe total kidney function.

Chi-square test was used for the statistical analysis.

16.
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Distribution of ureter refluxes by severity at thetime of the STING treatment



Results

1. The effect of VUR developed surgically in Vietn@ese pot belly pigs
on the c-kit positive cells in the VUJ

Our examinations showed the c-kit positive cellthba the samples with
reflux and in the control samples. However, two pmmiogical different c-kit

positive cell groups could be differentiated.

The ICC or ICC-like cells with two processes wetg m the first group.
These cells were found in the subepithelial layethe VUJ and between the

longitudinal muscle fascias.

The second group included the spherical cellshendytoplasm of which
granules could be seen. These cells were alsoelbaatthe epithelial layer and
between longitudinal muscle fascias and, basedosrtiyity and morphology they

corresponded to mastocytes.

Investigations using polyclonal and monoclonal sert yielded similar
results in relation to the detectabilty and arranget of c-kit positive cells.
Refluxing and control ureters showed neither molgdioal nor size-differences

in the two cell types.

The examinations showed that the number of mast cells increased in the VUJ
section of the ureters with VUR compared to the control samples with VUR. On the
other hand the number of the ICC remarkable decreased in the VUJ section of the

ureters with VUR compared to the control sampleswith VUR (table 1).
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Table 1 presents the difference in number of mali$ @and ICC in VUR

and non-VUR ureters.

VUR CONTROL
CAJAL CELL +/- 44+
MAST CELL 44+ ¥
Table 1

Changes in the number of Cajal cells and mast cells the refluxing and non-
refluxing (control) ureters of Vietnamese pot bellypigs. The measure of alteration is
indicated by +/- signs.

19.



2. The difference in the expression of TLR4 in hdthy and VUR VUJ
and ureter epithelium (human investigations)

TLR4 expression was detectable in the ureter dpitine both VUR RN
positive and RN negative, in the non-VUR contrabug. In the RN positive and
RN negative groups in the subepithelial layer aetiveen the longitudinal muscle
fascias spherical cells containing little cytoplashowing TLR4 positivity could
be detected. No TLR4 positive subepithelial cetisld be found in the control
group. The intensity of the TLR4 expression wasimal in the ureter epithelium
of the control and RN negative groupsthe RN positive group the TLR4 receptor
expression of the ureter epithelium was significantly more intense as compared to
the RN negative and control groups. The double immonofluorescent staining of the
TLR4 positive subepithelial cells detected in the RN positive and RN negative
samples demonstrated that identical cells also show c-kit positivity. Cells showing
TLR4 positivity and c-kit positivity at the same time are regarded as mastocytes on
the basis of their morphology. The number of subepithelial mast cells showing
double receptor positivity is higher in the RN positive group than in the RN

negative group.
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3. Detecting teflon-depot, the incidence of VUR regrence, the
appearance of urine infections and the progressioaf RN in the course
of long-term follow-up of STING treatment (human investigations)

In the course of the 10.4 year-long follow-up in &®ters of 43 patients
teflon-depot could be detected with US (depot (while in 78 ureters of 56
patients no teflon depot could be detected (depdt Ih 17 of the 143 ureters
investigated reflux recurred (11.9%). The recureen€ the reflux was detected
only in the depot (-) group. In the recurrence oR/Eignificant difference could
be found between depot (+) and depot (-) groups.(5 (table 2).

Recurrent No recurrence
VUR of VUR Altogether
Depot (+) 0 65 o
Altogether 17 126 13
Table 2

The recurrence of VUR in depot (+) and depot (-) grups (p<0.05)

In the course of the follow-up the severity of VUMRSs the following: grade
| in 6 patients, grade Il in 7 patients and graldlenl 4 patients (figure 2). In one
case the recurrent VUR was bilateral. Comparingstneerity of recurrent VUR
with that of VUR detected prior to the treatmette tgrade was identical in 6
patients, higher in 2 patients and lower in 7 pasieln the course of the follow-up
urinary infection was found in 42 patients, whild ®as found in 5 patients. In the
depot (+) group significant bacteriuria was detédte 17 patients, while PN was
found in 3 patients. In the depot (-) group bactg was found in 33 patients,

while PN was found in 2 patients (table 2).
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I.foku I.foka lll.foka  IV.foka  V.foka

Distribution of the severity of rg::%l::gnzt VUR during a long term follow-up
Bacteriuria PN
Depot (+) 17 3
Depot €) 33 2
Altogether 42 5
Significance p<0.05 -
Table 2

Development of bacteriuria during a long term follav-up in the depot (+) and depot
(-) groups. The occurrence of bacteriuria in the deot (-) group was significantly
higher than in the depot (+) group (p<0.05).

Bacteriuria in the depot (-) group was signifiégmhore frequent than in
depot (+) group (p<0.05), while in the case of RiNsignificant difference could
be found.

DMSA investigation was carried out in 65 patientsipto the injection
treatment and following the long-term follow-up.thre depot (+) group 37, while
in the depot (-) group m28 patients were examiddthe time of the STING

treatment parenchyma-scar could be found in 147op&ients in the depot (+)
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group, while scars were found in 7 of 28 patientthe depot (-) group. Following
the long-term follow-up in the DMSA examination ihe depot (+) group new
parenchyma scars were found in 2 of the 37 patiémthe depot (-) group DMSA

showed new parenchyma scars in 21 of the 28 patfatile 3).

DMSA was carried] Parenchyma-sca New Significance

out prior to STING at the time of | parenchyma- scgr

and following long- STING appeared

term follow-up
Depot (+) 37 14 2 -
Depotf) 28 7 21 p<0.05
Altogether 65 21 23
Table 3

The appearance of new renal parenchyma-scars demdreted by DMSA
investigations in the long-term follow-up in depot+) and depot (-) groups. The
appearance of new parenchyma-scars is significantlyigher (p<0.05) in the depot (-)

group.

Significant difference between the depot (+) angod€-) groups was found
in relation to the appearance of new parenchymassaad RN progression
(p<0.05).
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Discussion

1. The effect of the altered expression of c-kit @itive cells on ureter
motility as a result of VUR developed surgically inViethamese pot belly

pigs

VUR can be created using our open surgery proceidux8etnamese pot
belly pigs. The experimental model was applicabde the investigation of

histological changes due to VUR.

Pyeloureteral and ureterovesicular peristalticsdsspensible for the one-
way flow towards the urinary bladder. ICC is a pataker cell found in
mammals, which has an important role in the pdtissaof the ureter. The cells
generate low-wave electric potential, and its atiens can be measured in the

urinary tract.

ICC can be detected at each stage of the urinacy, thowever the number
of cells and distribution can show regional diffeze between the individual
stages. The role of ICC in the coordination of gteitic waves is not clear. In
pyeloureteral junctions in mice ICC was demonsttate be able to induce

contractions in the adjacent smooth muscle cells.

Investigations showed that the nerve fibres necgd$sathe innervation of
smooth muscles do not always reach each individuecle cell. Presumably the
conduction of the stimulus in these cases takeseplarough the transmission of
mast cells through the ion-channels. This funcbbthe mast cells most probably
play a part in the motility of the smooth muscldélscécated in the walls of the
vessels and in the walls of the middle layer ofrthescles in the ureter. Nassau
al demonstrated that the secretion and the motifith® intestine is influenced by
a paracrine mechanism in the mediating substamcéisei cells and in the mast
cells. Research revealed that there is functiagationship between mast cells and
ICC.
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It was also demonstrated that in the case of salfgicreated VUR the
number of mast cells increased in the VUJ. The qutlisiological role of mast

cells in the healthy and pathological ureter migtis not clear.

The present study has demonstrated that in Vietnamese pot belly pigs the
number of mast cells increased in the surgically created VUR. Continuous
antibiotic prophylaxis was used in our experimerdgalmals so no significant
amounts of bacteria were detected in the bacteicdbinvestigations of the urine.
Relying on this, we think that the change in thenbar of mast cells was caused
by the surgically created VUR rather than someamfhatory reactions. The
mediator substances released from the increasetderuwshmast cells may have an
important role in the function of smooth musclelcébcated in the wall of the
ureter through paracrine or interneural connectiohs a result of surgically
created VUR the number of ICC decreased in the Mdich is likely to
deteriorate the motility of the normal ureter. Rwreably the increase in the
number of mast cells improves the peristalticshaf tireter damaged due to the

reduced number of ICC through the mechanisms destabove.

ICC or ICC-like cells with dendritic processes ditite cytoplasm are also
cells showing c-kit positivity. The morphology diet cells as compared to those in
the intestinal tract shows minimal difference, tendritic processes are shorter,
which is why they are often called ICC-like cellBhese cells occur in high
numbers in the septum between the outer and inpeincers of the ureter.
Reference has been made that relying on examimatidnhumans in certain
urological conditions like in the pyeloureteralraisis or in VUR, the number and
distribution of ICC show significant differences. the VUJ the number of ICC in
the case of VUR shows significant reduction as caneg to the healthy controls.
The differences in the number of distribution ofissehowever, are not known to
be primary or secondary alteration our animal experimental model in
Vietnamese pot belly pigs, as a consequence of surgically created VUR the number
of ICC in the VUJ decreased. Snce the number of ICC in the non-VUR ureters on
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the opposite side of the same animals was significantly higher, the reduction in the
number of cellsin the refluxing ureters can be attributed to a secondary alteration
due to VUR.

The investigation of the gastro-intestinal traajgests that the reduction in
the number of ICC can be associated with severaditons related to the motility
of the intestine. Animal experimental models proveat inflammation affecting
the intestine reduces the number of ICC, whichJofahg recovery, gets

normalised.

There is experimental evidence that the obstructansed by the ring
placed on the intestine also reduces the numbeé€©Gf which gets normalised
after the obstruction is ceased. It is not cleaetivbr the number of ICC gets
normalised as a result of similar regeneration ggedn the uropoietic system or as
a consequence of the disappearance of VUR followsogcessful antireflux

intervention.

In sum, our animal experiments proved that the e&sgon of c-kit positive
cells in the VUJ changes as a result of VUR createdically in Viethamese pot
belly pigs. The reduction in the number of ICC masibably has an effect on the
motility of the ureter and may deteriorate VUR. Troée of mast cells in VUR is
not clear. ICCs react to the changes in their envitent, their number decreases
as a result of inflammation or obstruction. Presbiyaas a consequence of VUR
the increasing number of the mast cells contributeshe modulation of the
contraction of the ureter thus improving its mojiland compensating for the
disturbances in the motility due to the reductidrthee number of ICCs. Further
investigations are needed to find out which factmsgl external effects have an
influence on the proliferation, differentiation,alle or survival of the ICC. The
question whether the number of ICC gets normalistidwing the successful

treatment still remains to be answered.
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2. The effect of different TLR4 expression in the reter epithelium on
the development of RN in VUR (human investigations)

The role of TLR4 in the protection against uropgim agents was
discussed in the introduction. The investigatiortled genetic background of the
altered immune response mediated by TLR4 to netimogan agents shows that
the previously assumed polymorphism and variabdity a lot more complex and
complicated than it was believed. The occurrencasyimptomatic bacteruria is
well known in the clinical practice. The whole pdgtion, including children, its
incidence can be about 1%. In pregnant women e is 2%, while in the
elderly it can be as high as 10%. Investigatiortsvad that in these cases not even
the more virulent pathogens cause infection ofutv@ary tract or severe bacterial
sepsis. Therefore, there are still some trendsclwkuggest that asymptomatic
bacteruria does not need to be treated. Animalrerpats suggest that the altered
expression of TLR4 influences the strength of gsponse to the infection, which
may range between simple bacteriuria and sevezdHhikatening urosepsis. The
present study demonstrated that on the surfacdéeothealthy and VUR ureter
epithelium LR4 receptors can be detected. The sitieof the expression of the
receptor is stronger in the case of RN than ingttoeip without it or as compared
to the control group. In VUR during the flow of thene in the opposite direction
the bacteria get into contact with the epitheliunthe ureter and the renal pelvis.
TLR4 plays an important part in the recognition amdhe induction of immune
reaction necessary for the elimination. Based endifferent expression of TLR4
it can be assumed that the immune reaction indtloedigh the mediation of the
receptor may be of different intensity. The seyeof the inflammatory reaction,
the consequent fibrosis and the appearance of marahchyma-scars and their
size depend on the intensity of the immune reactionas proved that in the case

of a reduced TLR4 expression on the ureter epithelsymptomless bacteriurea
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has a higher incidence and in the case of stropgesgion of the receptor dysurea

may occur and PN may appear.

The genetic polymorphism of TLR4 influences the resgion of TLRA4,
which may change the response given by the indalittu pathogens. The TLR4
expression varying from individual to individual ynaxplain the immune reaction
with different intensity given to the one and treeme pathogen. In the case of
VUR the altered TLR4 expression demonstrated irptiesent study, and also as a
consequence of immune response of different intensiduced by different
expression may have a role in the development of RiNs assumption may be
supported by the fact that in the VUJ of RN positpatients and in the ureter
TLR4 expression was more intense than in RN negatases or in the control
groups. Both TLR4 and mast cells showing c-kit fpasy appearing in the
subepithelial layer are most probably cells acédats a result of immune
responses induced by TLR4 receptor signals. IRiNgositive group the number
of these cells is elevated as compared to the Rjdtive group. No LR4 positive
cells could be detected in the subepithelial lay@rshon-VUR ureters in the
control group. This suggests that in the appearafndbe TLR4 cells VUR as a

pathogenic agent plays an important part.

Our results demonstrate that the severity of VURa$ a an exclusive,
unique development of the RN. II-V-grade VUR makeossible for pathogens to
get in contact with the epithelium of the uretertbe pyelon. The genetically
determined expression of TLR4 and the immune respgenerated by this plays
an important part in the fact that, regardlesshefdeverity of VUR, some patients
contract symptomless bacteriurea, while others tracarrent PN or early RN.
This may explain the different courses of the dsea@onfirmed by clinical
observation. Our results suggest that VUR patietitts exclusively bacteriurea do
not belong to the high-risk group in relation tee tdevelopment of RN. The
clarification of the immunological factors influang the course of VUR may

provide help for the treating physicians with saleg conservative or surgical
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treatment. Our results also suggest that in pregresases of VUR, which cause
early RN, the difference in the immune responseiated by TLR4 receptors is
one of the important factors influencing the courdethe disease. Further
investigations are needed to justify this relatiops

29.



3. The effect of the detectabilty or disappearancef teflon-depot on the
recurrence of VUR, urine infections and RN progres®n in the course of
long-term follow-up if the STING treatment

The short-term results of STING treatment are Wwetiwn. Some authors
also deem long-term results. In the present stmdyVUR developed on the
collateral side following STING treatment. In theucse of endoscopic VUR
treatment the depot at the ureter orifice is kndencontain glycerine and its
volume decreases by 50%, even though it can betddidy US. No data were
published concerning the long-term detectabiltythed depot and it is not clear
either whether or not its absorption or disappesanfluences the duration of the
successful treatment. In the present study itsifignwout through the injection
canal can be since 6 weeks following the injectln§ examinations always
detected teflon-depots. In half of our patienteraét long-term follow-up the depot
on the injected area could not be detected. Treoretor the late disappearance of
the teflon-depot is unknown. A possible reason lwarthe migration of the teflon
granules. It is known that the migration dependstlom size of the injected
particles. Of the injectable substances the sizeftn is the smallest (40u) so its

migration is easier.

In our patients, the long-turn recurrence of VURti® same as the
international data. No significant difference coblkel detected in spite of the fact
that grade | VUR is not considered as recurrenceséyeral authors. Our
investigations show that between the lack of deput the recurrence of VUR
there is a tight relationship, the depot has arontamt role in the long-trm success
of the STING treatment since the recurrence of WdRId be observed only in 17
of 75 depot (-) ureters. In addition to the mecbamtireflux effect of teflon most
probably some other factors also play a part in dheation of success. It is
possible that scars developing as a result of nmftatory tissue reactions on the
injection site, the elongation of the ureter aisdfiation has a role in the cessation
of VUR.
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Our long-term investigation show that there is #gigant difference
between the depot (+) and depot (-) groups. Noasgilon was found to the
relationship between the lack of the depot andelarrent bacteriurea. In the case
of VUR the role of recurrent urine infections inetldevelopment of RN was
proved by several authors. Recurrent urine infectim our long-term
investigations occurred only in those, where teflepot was missing and
recurrent VUR cases developed exclusively in tipegeents. Recurrent bacteriurea
may be a warning signal or accompanying phenomerioviUR. Patients who
typically develop recurrent infections of the uryparact and in whom the teflon-
depot cannot be detected with US require speciantdn and care. These

patients, due to the possibility of the recurrettR/ belong to a higher risk group.

There was a significant difference between the gnaups in terms of the
development and progression of RN, i.e. the lack depot increased the
development of new parenchyma scars in the affedt@bheys. Clinical
observations and also our results demonstratesti@tessful antireflux treatment
slows down, but do not cease in every case, thgr@ssion of RN. In successfully
treated VUR patients, when US cannot detect depetzonsider temporary (6-12
months) DMSA examinations indicated. In the casehef development of new
parenchyma scars and/or progressive RN MCU or RRiddicated in order to
exclude the recurrence of VUR. The lack of depat ba a warning sign for the

possibility of the progression of RN even in theeaf successfully treated VUR.

Our results showed that in the case of succesSING treatment at the
beginning the lack of depot has a long-term eféecthe development of recurrent
VUR, i.e. it increases the possibility of reoccuae. Further investigations are
needed to understand the reasons of the long-teflonifdepot absorption. In
patients having received successful STING treatmesappearing bacteriuria
develop during the treatment, at the same time ghewy US cannot show depot on
the area of the injection, so careful follow-ugegjuired due to the possibility for

the reappearance of VUR.
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Further investigations are needed to study the-teng success of injection
treatments performed by using other materials — rdaast, Deflux - for

antireflux treatment and the long-term behaviouthefinjected materials.
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Pioneer and novel results

1.

In Vietnamese pot belly pigs VUR can be createajbgn surgery incising
the intramural section of the ureter. The succésheintervention and its
permanency can be increased by fixing the edgéseahcised ureter to the

mucosa of the urinary bladder by some sutures.

In Vietnamese pot belly pigs the increase in thenlper of c-kit positive
mast cells as well as the decrease in the numberkdfpositive ICC are
secondary alterations due to VUR. The change in rithenber and
distribution of c-kit positive cells has an effext ureter motility with high
probability. By the reduction in the number of ICGRe intensity of the
pacemaker effect generated by the cells decreabéd) may worsen ureter
motility and determine the severity of VUR. Ther@ase in the number of
c-kit positive mast cells — through the paracrinad ainterneural
relationships — may have an effect on ureter niptidiue to its direct

influence on the smooth muscles of the ureter.

The different expression of TLR4 on the ureter legdium determines the
development of RN due to VUR. The expression of ZL& more intense

in patients developing RN due to VUR.

In the group of VUR patients, where RN is dete@ahke number of TLR4
positive cells increased in the subepithelial lagérthe ureter. Double
immunohistochemical examinations showed that tivele are mastocytes
showing c-kit and TLR4 positivity, which probablyeve activated through
the TLR4 signal. The alteration in the number @fsincells also indicates
the individually different intensity of the immuneactions mediated by
TLR4, which may determine the intensity of inflantorg reactions, i.e. the

development of RN.
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5. The teflon-depot detectable in the urinary bladtgr US six weeks
following successful STING treatment disappearshalf of the patients

during the long-term follow-up.

6. The lack of teflon depot reduces the long-term sss®f STING treatment,
significantly increases the development of bactexiand the recurrence of
VUR.

7. During the long-term follow-up of the successful ISG treatment the
disappearance of teflon-depot significantly incesathe progression of RN

and the development of new parenchyma scars.
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