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ABSTRACT

Purpose: Extracellular matrix (ECM) degrading enzymes and the nerve supply of the uret-
erovesical junction were investigated using immunohistochemical methods to gain insight into
the pattern of refluxing ureteral endings.

Materials and Methods: Specimens were obtained from ureterorenal units of 36 children
undergoing reflux surgery with a mean age of 62.5 months and 9 age matched controls without
reflux. Routine histological paraffin embedded sections were stained for general morphology.
Indirect immunohistochemical methods assessing matrix metalloproteinase 1 were used to study
the intensity of matrix turnover, and activated macrophage marker CD68 was quantified to
describe scavenging of damaged ECM. The intramural neuronal network was explored using
nerve specific immunoperoxidase for S-100 protein.

Results: Refluxing ureteral endings demonstrated structural deficiencies of the smooth muscle
wrap associated with a 3.8-fold increase of cellular matrix metalloproteinase 1 production and a
significant increase of CD68� macrophages, respectively. The S-100 pattern yielded significant
diminution. Lacking B and T lymphocytes in the ECM precluded chronic inflammation.

Conclusions: Refluxing ureteral endings showed a pathologically increased matrix remodeling
combined with deprivation of the intramural nerve supply. Macrophage activation referring to
altered morphology was represented by an increased expression of CD68 at the sites of increased
ECM turnover.
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The ureterovesical junction (UVJ) serves the purpose of
preventing vesicoureteral reflux during the storage phase
and micturition. The intravesical section of the ureter pre-
dominantly consists of fine longitudinal muscle fibers respon-
sible for the active sphincter mechanism. Furthermore a
physiological coherence with the contralateral longitudinal
ureteral muscle fibers creating the intraureteral ridge and
Bell’s muscle of the posterior urethra which provides a teth-
ering of the ureteral orifice is essential for perpetuating the
active flap-valve mechanism.1 Additionally, a passive valve
mechanism is assumed with the intravesical pressure being
transmitted to the roof of the submucosal portion of the
intravesical ureter and, therefore, resulting in obliteration of
the lumen.2

In children with vesicoureteral reflux a deficiency of the
longitudinal muscle coat and increase of extracellular matrix
(ECM) with a decreased muscle-to-collagen ratio is ob-
served.1 Our study has placed particular emphasis on ECM
changes, the remodeling process and altered innervation of
the intravesical part of the ureter. The ECM is a biologically
active and dynamic composition of structural, adhesive and
counter adhesive fibrous proteins embedded in a hydrated
ground substance of glycosaminoglycans and proteoglycans.
Smooth muscle cells participate in ECM transformation by
localized production of various proteinases and their inhibi-
tors. One can hypothesize that these ureteral smooth muscle
cells participate in repair and re-synthesis of structural ma-
trix proteins influencing the proteolytic activity of other cell

types. Therefore, they might have an impact on the progres-
sion of potential maturation processes in refluxing ureters.3

When evaluating ECM turnover, in particular collagen
types I and III, matrix metalloproteinase (MMP) 1 immuno-
staining is mandatory. MMPs are a family of closely related
proteolytic enzymes classified as interstitial collagenases
representing a group of endopeptidases, which are collec-
tively able to degrade most, if not all, components of the
ECM.4 They have an important role in collagen turnover by
digesting helical collagen fibrils, creating denaturized gelatin
susceptible to cleavage by related MMPs.5 This capacity is
needed in active remodeling of connective tissue, such as in
fetal development, cancer invasion and metastasis as well as
wound healing. Types I and III collagens, commonly found in
association with soft tissues, are the most abundant proteins
of the ureteral extracellular matrix. MMP1 is able to cleave
fibrillar types I and III collagens.

Matrix degrading metalloproteinases are secreted from
connective tissue cells of mesenchymal origin such as fibro-
blasts, myoblasts and monocyte derived macrophages. One of
the most important receptors for identification of monocyte
derived cells represents the surface receptor CD68. These
receptors tend to recognize polyanionic macromolecules and
have physiological functions in the recognition and clearance
of pathogens and apoptotic cells. A co-culture of smooth mus-
cle cells and CD68� cells leads to a 20-fold increased secre-
tion of MMPs via an interleukin-1 dependent mechanism.6

Based on previous morphological data confirming muscle
deficiency in the UVJ,7 we studied the changes of innervation
in association with matrix remodeling. Impairment of
smooth muscle function and changes in the ECM microenvi-
ronment can compromise the nerve supply in this area. The
immunohistochemical distribution of the S-100 protein was
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used as a marker for the neuronal supply of the ureteral wall.
S-100 antibody commonly is used in clinical and research
applications as a specific marker for localizing cells of neural
origin, in particular Schwann cells that accompany axons,
and for documentation of neuronal networks in the urinary
system.8

MATERIALS AND METHODS

After informed consent was obtained 36 specimens of the
distal intravesical ureter were obtained from 17 males and 19
females with vesicoureteral reflux undergoing transvesical
antireflux surgery. Mean patient age was 62.5 months (range
12 to 122). No child had a history of neurogenic bladder or
voiding dysfunction. Reflux was grade I in 1 case, grade II in
8, grade III in 13, grade IV in 12 and grade V in 2. A limited
number of 9 normal ureteral endings from age-matched au-
topsies (mean age 38 months, range 2 to 73) without evidence
of urological disease and no history of reflux or urinary tract
infections was available to investigate normal patterns.

Immunohistochemistry. Ureteral specimens were im-
mersed and fixed in 4% formaldehyde solution immediately
after surgical resection for 48 hours and subsequently em-
bedded in liquid paraffin according to the technique used for
routine histology. Paraffin sections were cut transversally at
4 �m using a Microm ERGO-Star Rotations microtome (Mi-
crom, Walldorf, Germany), dried overnight, dewaxed with
xylene and rehydrated in graded alcohol series. To unmask
the antigen microwave irradiation with citrate buffer pH 6.0
(Dako, Denmark) was applied. The samples were heated in
citrate buffer (Antigen Retrieval Citrat buffer pH 6.0, Dako,
Denmark) for 30 minutes in the microwave oven at high
power (400 W) to recover antigenicity. After cooling the stain-
ing procedure was initiated. Slides were stained using an
automated staining system (Ventana Medical Systems, Inc.,
Strasbourg, France). Sections were incubated with monoclo-
nal antibodies for 32 minutes at 37C.

Immunostaining. Immunostaining for CD68 was per-
formed with prediluted monoclonal antihuman CD68 anti-
body (clone KP-1, Ventana). Proteolytic digestion, primary
antibody incubation, detection and counterstaining were per-
formed following manufacturer instructions (Nexes IHC sys-
tem, Ventana). Immunostaining for MMP1 was performed
using a monoclonal antibody (clone 3B6, 1/30 dilution, Novo-
castra Laboratories, Newcastle Upon Tyne, United Kingdom)
for 32 minutes, followed by an indirect immunohistochemical
amplification step (Ventana). The kit uses rabbit anti-mouse
IgG to increase the signal intensity. Visualization, counter-
staining and mounting were performed as described previ-
ously. A polyclonal anti-S-100 antibody (Ventana), recogniz-
ing both of the S-100-subunits, was used. The staining
protocol comprised a proteolytic digestion with Protease 1 for
2 minutes (Lot 3175, Ventana), primary antibody incubation
for 12 minutes and detection as described previously.

Morphological analysis and interpretation. Morphological
analysis was performed using a computer assisted light mi-
croscope (Axioplan microscope, Zeiss, Germany). The soft-
ware package served for modular image acquisition with
advanced capabilities for digital image achievement and pro-
cessing as well as accurate cell counting. Slices were exam-
ined by light microscopy by 2 independent observers. The
intensity of matrix turnover was defined semiquantitatively
by the amount of MMP1 producing cells per high power field
(HPF � �400, field size 0.19 mm2). The mean number of
S-100 protein positive cells estimating the neuronal complex
was counted in 2 random HPFs per slice. Two different ob-
servers were blinded to the specimen source sampled and
graded each specimen.

Statistical analysis. Kendall’s-Tau rank correlation coeffi-
cient was calculated to show the association between reflux
grade and CD68, S-100 and MMP1. Differences in CD68,

S-100 and MMP1 between the 2 groups were tested by the
Mann-Whitney U test. Data were expressed as means �
standard deviations or range. Statistical significance was
defined as p �0.05. SPSS for Windows 11.0 software (SPSS,
Inc., Chicago, Illinois) was used for all analyses.

RESULTS

In all specimens the physiological pattern of the ureteral
muscular coat was resolved and a large moiety of smooth
muscle cells was replaced by connective tissue (fig 1). The
degree of MMP1 expression representing matrix turnover in
refluxing ureters was significantly elevated (p �0.05) as
shown by a 378.9% increase of cellular MMP1 production
(161.4 vs 42.6/HPF). CD68� macrophages were encountered
significantly (p �0.05) more often than in normal controls
(31.1 vs 16.9/HPF). The average number of S-100 staining
points per HPF in children with vesicoureteral reflux (31.2)
was statistically significantly reduced (p �0.05) compared to
healthy controls (96.7/HPF) (fig. 2). Except for macrophages,
no specific immunoresponsive cells such as B and T lympho-
cytes or any other inflammatory cells could be observed.

In contrast to these observations, the proximal intravesical
part of the ureter, which takes 80% of the whole intravesical
portion, showed an intact arrangement of the muscular coat
and extracellular matrix composition. Apart from CD68�
cells, smooth muscle cells and fibroblasts also exhibited pos-
itive MMP1 staining (fig. 3). The amount of CD68� cells in
pathological tissue was not as significantly increased as the
surge of MMP1 positive cells compared to healthy tissue.
S-100-positive nerve fibers were significantly diminished be-
tween the muscle fascicles, particularly in the perimysial and
endomysial tissue, respectively. Expression of S-100 within
the nerve fascicle was present in all specimens, demonstrat-
ing the presence of viable Schwann cells (fig. 4).

We found an average of 96.7 S-100 positive staining points
per HPF in the control group only 31.2 in the reflux group.
There were no statistically significant correlations between
the grade of reflux and CD68- (p � 0.860), S-100- (p � 0.165)
and MMP1 positive cells (p � 0.328). Macrophages accumu-
lated independently of reflux grade.

DISCUSSION

Our study revealed that MMP1 production was almost
4-fold and the CD68� macrophages were twice as much
increased in the distal part of refluxing ureteral specimens in
the ECM and fascicles of the longitudinal muscle coat com-
pared to controls. However, one must consider that the dif-
ferences between the increased MMP1 and CD68� concen-
tration may be enhanced by the amplification step boosting
the signal intensity of the monoclonal antibody against
MMP1. Routine histological examination revealed severe
structural abnormalities such as scattered and disrupted

FIG. 1. Alpha-actin staining of normal infant ostial ureter (A).
Cross section of distal intravesical ureter stained for smooth muscle
actin shows severe muscle deficiency (B). Reduced from �50.
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muscular bundles as well as an increase of interstitial colla-
gen substituting for the muscular coat.

It was recently shown that the proportion of muscle to
collagen decreased from normal 1:0.3 to 1:3, and a higher
amount of collagen type I than type III was found in refluxing
ureters.7 Cells undergoing programmed cell death are
cleared rapidly in vivo by phagocytes without inducing in-
flammation.9 Due to absence of any inflammatory cells
present in necrosis, apoptotic cell removal is an admissible
hypothesis. The increased activity of CD68� cells accounts
for the efficient deletion of damaged cells, often considered a
counterpoint to apoptosis. Maintenance of the integrity of the
cell membrane, which could be demonstrated by an undam-
aged collagen type IV expression of basement membranes7

even after the decay of the cell to apoptotic bodies, is the
reason for the absence of inflammation.

Since most of our patients presented without any signs of
urinary tract infections at the time of surgery, an inherent

anatomical or developmental difference from children with-
out reflux must be discussed. It is evident that in cases of
muscle injury or muscle dysplasia CD68� cells infiltrate the
damaged tissue and scavenge cellular remnants as well as
replace muscle bundles with connective tissue.10 The ability
of these macrophages to detect small differences in the spe-
cific combination, concentration and distribution of matrix
components suggests that perturbations of the matrix ho-
meostasis may lead to remodeling of the ureteral ending. In
this ECM environment adhesion of macrophages, modifica-
tion or denaturation of the major extracellular matrix com-
ponent (types I and III collagen) occurs.11 Once in the under-
lying tissues, monocytes differentiate into macrophages that
are essential for proper immune function and ECM transmu-
tation and production of collagens.12 Above all in collagen
rich regions an increased secretion of MMP1 cleaving colla-
gen types I and III is noted. This simultaneous synthesis and
secretion of matrix proteins and a degrading enzyme by the
same cell indicate a switch from a collagen-producing to a
collagen-degrading phenotype.13

Matrix metalloproteinases have a number of physiologi-
cally important functions in wound healing processes and
angiogenesis. However, when their production is deregu-
lated, particularly in combination with increased CD68�
cells with increased collagenolytic activity, matrix degrada-
tion and turnover are the consequences, as shown in disk
herniation tissue.14 The increased synthesis of MMP1 is
stimulated by various cytokines such as transforming growth
factor-� released from macrophages.15 Increased ECM turn-
over has an influence on the neuronal network within the
ureter wall. It has been shown that some MMPs are neuro-
toxic by degrading extracellular matrix proteins like collagen
type I. They are normally able to protect cultured neurons
from cytotoxic cell death. Cytotoxicity by MMP1 to the ure-
teral neurons at the UVJ is probable, and discrimination to a
congenital absence of neuronal nerves is not conceivable at
present.16

A significant diminution of S-100 positive neuronal cells as
a result of potential neuronal harm was observed, suggesting
that defective innervation may have an additional impact on
the pathogenesis of the impaired active antireflux mecha-
nism. Based on this significant reduction in S-100 positive
myelinated nerves, we assume that intact innervation may
be a prerequisite for normal morphogenesis of the intraves-
ical smooth muscle wrap. No correlation among the degree of
MMP1 expression, accumulation of CD68� macrophages as
well as degradation of the neuronal supply and clinical reflux
grade was observed. Because a time course study is not
possible in humans, the current clinical presentation status
of reflux grade of our children is obviously lower compared
with the congenital higher reflux grade. However, it is not
clear whether congenital absence of an intact innervated
muscle wall or additional deterioration in the framework of
tissue remodeling as a result of restoring damaged tissue
combined with increased MMP activity is the main cause of
the significant reduction within the neuronal network at the

FIG. 2. Graphic illustration of MMP1 (A), CD68 (B) and S-100 (C) production in refluxing and normal intravesical ureters � SD. Asterisk
denotes statistical significance at p �0.05 (Mann-Whitney U test).

FIG. 3. Immunohistochemical staining localization for CD68 (A)
and MMP1 (B) in normal tissue and in distal intravesical ureters
(ureteral ostia) with reflux (CD68, C and MMP, D).

FIG. 4. Immunohistochemical staining shows S100-positive cells
in normal tissue (A) and in refluxing specimen (B). Schwann cells
were diminished significantly between muscle fascicles and in per-
imysial and endomysial tissue.
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UVJ. In the maturation process of refluxing ureters it is
postulated that somatic growth of the child causes a morpho-
logical development of the pathological UVJ resulting in res-
toration of the antireflux valve mechanism.17

Since the ratio of the intravesical ureteral length-to-
ureteral diameter is obviously lower than assumed previous-
ly,18 the morphological and functional integrity of the intra-
vesical longitudinal muscle coat, which provides the active
muscular control of the ostial lock mechanism, seems to be a
crucial factor in preventing reflux.19 The mechanisms re-
sponsible for this rearrangement of the UVJ have never been
elucidated. One can assume that increased concentrations of
MMP1 cells as well as CD68� macrophages in the ECM of
refluxing ureteral endings represent a causal correlation of
these MMPs to tissue degradation and defect healing. Re-
placing the smooth muscle fibers by collagen types I and III
on the basis of an increased ECM turnover can lead to scar-
ring and fibrosis.20 The structural changes observed in re-
fluxing ureteral endings indicate a tissue response that cul-
minates in cell and matrix turnover as well as matrix
remodeling and maturation, which finally may cause tissue
shrinkage analogous to wound contraction. One can specu-
late that this ureteral wall shrinkage results in a sufficient
ureteral diameter-to-ureteral length relation causing a suffi-
cient passive antireflux mechanism.

CONCLUSIONS

MMP1 expression and CD68� macrophages were in-
creased significantly in refluxing ureters compared to
healthy controls. In contrast, S-100-positive nerve fibers
were significantly reduced, illustrating deprivation of the
intramural nerve supply. The enhanced activity of CD68�
cells together with an increased synthesis of MMP1 is sug-
gestive of pathologically increased ECM remodeling. The in-
creased collagenolytic activity results in the appearance of
collagen cleavages, which may be implied in the triggering of
mesenchymal proliferation. One can hypothesize that spon-
taneous maturation of the primary refluxing ureteral orifice
appears to be associated with the modification of the ECM.
Further research needs to focus on smooth muscle cell-matrix
interactions, matrix degradation and turnover mediated by
cell proteases such as the MMP family to clarify the mecha-
nism of reflux maturation.

E. Richter, Institute of Anatomy, Histology and Embryol-
ogy, provided technical assistance.
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