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Abstract—An increasing number of investigations is dealing
with the repair of acute and chronic renal failure by the
application of stem/progenitor cells. However, accurate data
concerning the cell biological mechanisms controlling the
process of regeneration are scarce. For that reason new
implantation techniques, advanced biomaterials and mor-
phogens supporting regeneration of renal parenchyma are
under research. Special focus is directed to structural and
functional features of the interface between generating
tubules and the surrounding interstitial space. The aim of
the present experiments was to investigate structural features
of the interstitium during generation of tubules. Stem/
progenitor cells were isolated from neonatal rabbit kidney
and mounted between layers of a polyester fleece to create an
artificial interstitium. Perfusion culture was performed for
13 days in chemically defined Iscove’s Modified Dulbecco’s
Medium containing aldosterone (1 9 10�7 M) as tubulogenic
factor. Recordings of the artificial interstitium in comparison
to the developing kidney were performed by morphometric
analysis, scanning and transmission electron microscopy.
The degree of differentiation was registered by immunohis-
tochemistry. The data reveal that generated tubules are
embedded in a complex network of fibers consisting of newly
synthesized extracellular matrix proteins. Morphometric
analysis further shows that the majority of tubules within
the artificial interstitium develops in a surprisingly close
distance between 5 and 25 lm to each other. The abundance
of synthesized extracellular matrix acts obviously as a spacer
keeping generated tubules in distance. For comparison, the
same principle of construction is found in the developing
parenchyma of the neonatal kidney. Most astonishingly,
scanning electron microscopy reveals that the composition of
interstitial matrix is not homogeneous but differs along a
cortico-medullary axis of proceeding tubule development.
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INTRODUCTION

Recovery from renal failure requires the replace-
ment of injured tissue with new cells that restore epi-
thelial integrity and functionality within tubules. An
increasing number of papers is therefore dealing with
strategies for repair of parenchyma by the help of
stem/progenitor cells.5,12 However, recent data show
that an effective therapy is still far away from a
widespread clinic application. Unsolved issues in renal
tissue engineering are the concentration of stem/pro-
genitor cells at the site of damage, their integration in a
diseased environment, the process of differentiation
into nephron-specific cells, and the spatial develop-
ment of tubules within the kidney.32

Part of actual research is focusing on cell biological
mechanisms involved in the formation of tubules
during regeneration.4 Due to the spatial microarchi-
tecture of the kidney experiments are frequently per-
formed applying three-dimensional culture experiments
in combination with primary cells or cell lines.2,30

Normally the cells are coated by extracellular matrix
proteins such as collagen or Matrigel�. Applying ser-
um-containing medium the cells migrate within the
coat of extracellular matrix proteins, proliferate and
aggregate to form cysts and tubules.23 However, dur-
ing long-term culture the coat of extracellular matrix
proteins hinders exchange of nutrition and respiratory
gas. Up-to-date typical nephron-specific differentiation
and the synthesis of an intact basal lamina in generated
tubules are lacking. Since the cells do not exhibit an
fetal origin, it remains questionable to what extent
these models reflect a stem/progenitor cell-derived
process of tubule regeneration.

Pioneering experiments related to regeneration with
stem/progenitor cells were performed by culturing
isolated nephrogenic mesenchyme from mouse fetus on
one side and spinal cord on the other side of a filter.9,24
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In these transfilter experiments both tissues were
coated by agarose. During culture in medium con-
taining serum the interaction between both tissues
through the pores results in the development of tubules
within the mesenchyme. Most impressive of this
method is the high degree of cellular differentiation
within generated tubules. However, the need of an
inducer tissue secreting morphogens, the necessary
application of serum containing undefined factors, the
limited time for maintenance, and the minimal amount
of tissue available for cell biological analysis pertains
to the disadvantages.

Development of tubules was further investigated on
intact metanephric organ anlage cultured within a
filter insert.8 To facilitate exchange of respiratory gas
the tissue is kept near the gas–fluid interface. The
integrity of the growing organ supports at the begin of
culture tubule development, but the continuously
increasing mass of parenchyma hinders the provision
with fresh nutrition, which in turn limits further
growth. For that reason a capillary for perfusion of
medium is placed inside the hilus. During a 10-day
period of culture in medium containing serum the
explants process through the early stages of nephro-
genesis. Using this type of protocol the onset of
necrosis is delayed, while morphology of the growing
organ is well preserved.

To avoid coating by extracellular matrix proteins
and to raise renal tubules in chemically defined med-
ium, an advanced culture technique was developed.
Renal stem/progenitor cells are placed between two
layers of a polyester fleece to simulate an artificial
interstitium.19 The space between the fibers facilitates
exchange of nutrition and respiratory gas. Transport
of always fresh and chemically defined medium in a
perfusion container guarantees a constant provision
with nutrition and respiratory gas during long-term
culture. Experiments demonstrate that the generation
of tubules at the interface of this artificial interstitium
is a powerful model to investigate processes involved in
renal regeneration. For example, development of renal
stem/progenitor cells can be induced by aldosterone.11

The signal is mediated via the mineralocorticoid
receptor (MR), since antagonists such as spironolac-
tone or canrenoate prevent tubulogenic development.18

Disturbing the molecular interaction between MR and
heat shock protein 90 by geldanamycin or radicicol
results in a lack of tubule formation.17

Thus, the interface between two layers of polyester
fleece promotes the spatial development of numerous
tubules in culture under controlled conditions. Since
there are no proteins derived from a coating process, it
became possible for the first time to investigate syn-
thesis of interstitial matrix proteins surrounding gen-
erated tubules. To obtain first insights in the

arrangement of these compounds morphometry, elec-
tron microscopy and immunohistochemistry was per-
formed. Most astonishingly, the presented data reveal
that generating tubules avoid a direct contact but keep
a minimal distance to each other. This spatial separa-
tion is caused by linking the basal lamina of tubules
with synthesized fibers of the extracellular matrix and
with fibers of the polyester fleece. Finally, for com-
parison the interface between tubules and extracellular
matrix was investigated in the developing kidney.

MATERIALS AND METHODS

Isolation of Tissue Containing Renal Stem/Progenitor
Cells

For the culture experiments 1-day-old New Zealand
rabbits were anesthetized with ether and killed by
cervical dislocation. Both kidneys were removed and
dissected from pole to pole into a ventral and dorsal
part as described earlier.11 By stripping off the capsula
fibrosa with fine forceps a thin tissue layer containing
numerous epithelial stem/progenitor cells within col-
lecting duct ampullae and nephrogenic mesenchymal
stem/progenitor cells can be harvested (Fig. 1a).

Mounting Stem/Progenitor Cells in a Tissue Carrier
for Perfusion Culture

For generation of tubules isolated renal tissue is
placed in plane position between layers of polyester
fleece (I-7, Walraf, Grevenbroich, Germany) measur-
ing 5 mm in diameter during culture. This sandwich-
like configuration creates an artificial interstitium
with the freshly isolated tissue in the middle and the
polyester fleece covering the upper and lower side
(Fig. 1b).11,19

The sandwich set-up containing renal stem/progen-
itor cells was mounted then in a base ring of a Minu-
sheet� tissue carrier. First, a polyester fleece measuring
13 mm in diameter was placed in the tissue carrier.
Then, the sandwich set-up was inserted and covered by
a further polyester fleece with 13 mm in diameter. The
tissue carrier was used in a perfusion culture container
with horizontal flow characteristics (Minucells and
Minutissue, Bad Abbach, Germany). After closing the
lid of the perfusion culture container, the layers of
fleece keep the isolated tissue in central and flat posi-
tion (Fig. 1c). As shown earlier the interface between
the fleece layers produces an artificial interstitium
promoting the spatial development of tubules during
the culture period over 13 days. The area for tubule
formation was 5 mm in diameter and up to 250 lm in
height.
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Perfusion Culture

To generate tubules perfusion culture was per-
formed as described earlier (Fig. 1d).11,18 During a
period of 13 days always fresh medium was trans-
ported with 1.25 mL/h by an IPC N8 peristaltic pump
(Ismatec, Wertheim, Germany). To maintain a con-
stant temperature of 37 �C the perfusion culture con-
tainer was placed on a thermoplate (Medax, Kiel,
Germany) and covered with a transparent lid.

For the culture chemically defined IMDM
(Iscove’s Modified Dulbecco’s Medium including
Phenolred, GIBCO/Invitrogen, Karlsruhe, Germany)
with 50 mmol/l HEPES (GIBCO) for maintenance of a
constant pH of 7.4 under atmospheric air was used. To
prevent infections an antibiotic-antimycotic cocktail
(1%, GIBCO) was present in all culture media. As
tubulogenic factor aldosterone (1 9 10�7 M, Fluka,
Taufkirchen, Germany) was added.

Histochemical Labeling

To analyze cell biological features, cryosections of
20 lm thickness were prepared and fixed in ice-cold
ethanol. After washing with phosphate buffered saline
(PBS) the specimens were blocked with PBS containing
1% bovine serum albumin (BSA) and 10% horse ser-
um for 30 min. For soybean agglutinin-labeling (SBA,
Vector, Burlingame, USA) the samples were exposed
to fluorescein-isothiocyanate (FITC)-conjugated lectin

diluted 1:2000 in blocking solution for 45 min as
earlier described.18 For immunohistochemical label
monoclonal antibodies such as mab anti-laminin c1
(kindly provided by Dr. L. Sorokin, Lund, Sweden),19

mab anti-PCD Amp 1,27 mab anti-Na/K-ATPase
alpha 5 (Developmental Studies Hybridoma Bank, Iowa
City, USA) and mab anti-collagen type III (III-53,
Calbiochem, Schwalbach, Germany) was applied in
blocking solution. After washing with phosphate-
buffered saline (PBS) containing 1% bovine serum
albumin (BSA), the specimens were then incubated
for 45 min with donkey-anti-mouse-IgG-fluorescein-
isothiocyanate (FITC) or goat-anti-rat-IgG-rhodamine
(Jackson Immunoresearch Laboratories, West Grove,
USA) diluted 1:50 in this solution. Following several
washes with PBS, the sections were embedded with
Slow Fade Light Antifade Kit (Molecular Probes,
Eugene, USA) and then analyzed using an Axioskop 2
plus microscope (Zeiss, Oberkochen, Germany).
Fluorescence images were taken with a digital camera
at a standard exposure time of 1.3 s and thereafter
processed with Corel DRAW 11 (Corel Corporation,
Ottawa, Canada).

Confocal Fluorescence Microscopy

To investigate spatial arrangement of extracellu-
lar matrix proteins in generated tubules, confocal
fluorescence microscopy with a LSM 710 (Zeiss,
Oberkochen, Germany) was performed. Specimens

FIGURE 1. Schematic illustration of isolating renal stem/progenitor cells and generation of tubules at the interface of an
artificial interstitium (a–d). (a) By stripping off the capsula fibrosa (CF) from neonatal rabbit kidney by forceps renal stem/
progenitor cells within mesenchyme and collecting duct ampullae can be isolated. (b) Isolated tissue is placed between two
layers of polyester fleece (PF). (c) For stabilization the tissue is mounted in a tissue carrier and inserted in a culture container
with horizontal flow (arrow). (d) During perfusion culture fresh medium is transported (arrow) for 13 days at a rate of 1.25 mL/h
by a peristaltic pump. To maintain a constant temperature of 37 �C, the culture container is placed on a thermoplate and covered
with a lid.
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were fixed in 70% ethanol and labeled by Soybean
agglutinin (SBA), mab anti-collagen type III and anti-
laminin c1.

Scanning Electron Microscopy

To analyze the growth pattern of generated tubules
within the polyester interstitium, scanning electron
microscopy (SEM) was performed. Specimens were
fixed in 70% ethanol, dehydrated in a graded series of
ethanols, transferred in acetone, critical point dried
with CO2 and sputter-coated with gold (Polaron E
5100, Watford, GB). Then, the samples were examined
in a scanning electron microscope DSM 940 A (Zeiss,
Oberkochen, Germany) as described earlier.29

Transmission Electron Microscopy

For transmission electron microscopy, specimens
were fixed in 2% glutaraldehyde containing 0.1 M
sucrose and 0.1 M cacodylate buffer for 5 h at room
temperature. After several washes with PBS, the tissue
was postfixed in 1% osmium tetroxide in 1 M PBS,
rinsed with PBS, and then dehydrated in graded series
of ethanols and embedded in Epon polymerized at
60 �C for 48 h. Ultrathin sections were performed with
a diamond knife on an ultramicrotome EM UC6
(Leica GmbH, Wetzlar, Germany). Sections were col-
lected onto grids (200 mesh) and contrasted using 2%
uranyl acetate and lead citrate.

Morphometry

To determine the amount of developed tubules,
whole mount SBA-labeled specimens were used. The
distance between the basal lamina of neighboring tu-
bules was measured on magnified DIN A4 illustra-
tions. To register the number of generated tubules,
WCIF ImageJ (Bethesda, MD, USA) was used as
morphometric program (Fig. 2b). Independently from
their length the individual distance between SBA-la-
beled tubules within a microscopic opening of
500 9 850 lm was registered.

Amount of Cultured Constructs

A total of 48 specimens was isolated and kept in
culture for the present study. All of the experiments
were performed at least in triplicates. The data pro-
vided in the text are the mean of three independent
experiments. All experiments are in accordance with
the animal ethics committee, University of Regens-
burg, Regensburg, Germany.

FIGURE 2. Confocal fluorescence microscopy on SBA-la-
beled tubules generated over 13 days (a–d). (a) Tubules ex-
hibit a basal lamina (asterisk) and a lumen (arrow). (b)
Morphometry on a microscopic opening of 500 3 850 lm
shows in this individual experiment 63 (white spot) developed
tubules. (c) Example demonstrates that generated tubules
grow in small-, medium- and big-sized interstitial distances
(white lines). (d) Morphometry of 450 recordings shows that
68% (n 5 307) of tubules exhibit a distance between 5 and
25 lm, while 32% (n 5 143) are separated by a distance
between 26 and 65 lm.

MIESS et al.2200  Author's personal copy 



RESULTS

Arrangement of Tubules

The renal stem/progenitor cells were isolated from
the cortex of neonatal rabbit kidney and cultured
between layers of polyester fleece. For 13 days the
tissue was kept in perfusion culture with chemically
defined IMDM containing aldosterone (Fig. 1).

To analyze the spatial development of generated
tubules, the artificial interstitium was opened at the
end of culture by separating the polyester fleece layers
with fine forceps. Specimens were labeled then by
SBA to visualize the spatial distribution of generated
tubules. Confocal fluorescence microscopy demonstrates
that numerous labeled tubules can be seen in a longi-
tudinal, transversal and oblique course (Fig. 2a). All of
them exhibit a continuously developed basal lamina,
lining epithelial cells and a visible lumen.

To determine the number of SBA-labeled tubules,
cross sections were analyzed by morphometry. In the
presented case, 63 tubules are detected (Fig. 2b). Sur-
prisingly, whole mount label further demonstrates that
generated tubules do not contact each other (Fig. 2c).
Small, medium, and wide distances can be registered.
To obtain exact information about the gap between
generated tubules, 450 recordings were made (Fig. 2d).
The data show that a gap smaller than 2.5 lm does not
occur. A distance between 5 and 25 lm was found in
307 cases (68%). It is obvious that the most frequently
found space is 10 lm (n = 59). In contrast, gaps
between 26 and 65 lm are less frequently detected
(n = 143). The accumulation of gaps in a range
between 5 and 25 lm is a clear hint that the distance
between generated tubules does not occur accidentally
but appears to be organized and tightly packed.

Extracellular Matrix Between Generated Tubules

For more detailed analysis the interstitial space
between generated tubules was investigated after
immunohistochemical label (Fig. 3). Immuno-positive
label for collagen type III is found in both along the
basal lamina and in the gap between generated tubules
(Fig. 3a). This observation shows that at the basal
aspect of generated tubules interstitial matrix is syn-
thesized. The experiments further demonstrate that
laminin c1 is localized together with collagen type III
in the basal lamina of generated tubules, but also in the
space between (Fig. 3b). In consequence, collagen type
III and laminin c1 appear as candidates creating the
gap between generating tubules (Fig. 3c).

Structural Features of the Interstitial Space
Between Generated Tubules

To obtain detailed insight in the ultrastructure of
the interstitial space between generated tubules,
transmission electron microscopy was performed
(Fig. 4). The surface view shows that generated tubules
exhibit a polarized epithelium (Fig. 4a). The luminal
plasma membrane of epithelial cells borders a clearly
visible lumen. The luminal and lateral plasma mem-
branes are separated by a tight junctional complex.
The basal plasma membrane is in contact with a basal
lamina. Higher magnification depicts that the basal
lamina is composed of several layers as it is known
from the kidney (Fig. 4b). A lamina rara interna faces
the basal plasma membrane of epithelial cells, while a
lamina densa and a lamina rara externa cover the
tubules at the outer surface. The lamina fibroreticularis
acts as connecting element to the interstitial space
containing numerous collagen fibers. In some cases,

FIGURE 3. Confocal analysis of whole mount-labeled tubules generated over 13 day at the interface of an artificial interstitium
(a–c). (a) Label for collagen type III is found at the basal lamina (asterisk) and within the gap (arrow) between the tubules. (b) Label
for laminin c1 is found within the basal lamina (asterisk) and within the gap (arrow) between the tubules. (c) Merge illuminates
co-localization of both molecules within the basal lamina (asterisk) and within the intertubular gap (arrow).
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the lamina rara externa and the lamina fibroreticularis
show an increased thickness (Fig. 4c). The inconstant
thickness of these layers may explain the varying dis-
tances between generated tubules as shown in Fig. 2.

SEM was accomplished to receive three-dimensional
information about molecules spacing generated
tubules (Figs. 5a, 5d, and 5g). A surface view demon-
strates tubules contacting the polyester fleece. The
polyester fibers exhibit an average diameter of 10 lm
and a smooth surface without recognizable roughness.
Development of tubules occurs in the vicinity of fibers
(Fig. 5a). Micrographs further show that a basal
lamina is covering the complete outer surface of
tubules. A part of tubules grows in a parallel fashion
(Fig. 5d), while others exhibit a dichotomous branch-
ing (Fig. 5g). Numerous of the tubules have no con-
tact, while others have only a loose contact to the fibers
of the polyester fleece. Higher magnification illustrates
that the basal lamina of generated tubules is covered
by a network of extracellular matrix proteins obviously
synthesized by interstitial cells (Figs. 5b, 5e, and 5h).
Collagen fibers are lining as well between the basal
lamina of tubules as to neighboring fibers of the
polyester fleece.

On the basal lamina of generated tubules dispersed
interstitial cells are found (Fig. 5b, 5e, and 5h). They
exhibit a more or less round shape. In some cases their
surface appears smooth (Fig. 5b), while in other cases
a network of filopodia or extracellular matrix fibers is
protruding from the interstitial cells (Figs. 5e and 5h).

However, looking by SEM to filopodia of interstitial
cells it cannot be decided, where a cell is ending and at
which point the extracellular matrix starts (Figs. 5b,
5e, and 5h). For that reason TEM was carried out to

analyze the transition from cellular protrusions to the
extracellular matrix (Figs. 5c, 5f, and 5i). Ultrathin
sections reveal that always a close contact exists
between protrusions of interstitial cells and attached
fibers consisting of synthesized extracellular matrix.
Surprisingly, at the contact site the plasma membrane
appears solubilized and the microstructure is barely
recognizable. Instead, amorphous material is pro-
truding through the plasma membrane into the cyto-
plasm.

Interstitium of the Developing Renal Parenchyma

Features of the interstitium found in generated
tubules may be influenced by the culture environment
(Figs. 3–5). For comparison the interstitium of
developing parenchyma in neonatal kidney was
investigated (Figs. 6–9). Semithin sections through
the outer cortex of neonatal rabbit kidney show in
vertical (Figs. 6a and 6b) and longitudinal (Fig. 6c)
direction tubules embedded in the interstitium. It can
be recognized at this early stage of development that
tubules do not exhibit a close contact to each other
but are separated by an astonishingly wide interstitial
space.

To obtain further detailed data concerning the
interstitium of developing parenchyma in neonatal
kidney, histochemical and ultrastructural analysis were
performed. In the developing cortex four different
zones can be distinguished (Fig. 7a). Underneath the
organ capsule both the population of mesenchymal
(mes) nephrogenic stem/progenitor cells and within the
tip of the collecting duct ampulla (A) epithelial stem/
progenitor cells are localized. At the neck of the

FIGURE 4. Transmission electron microscopy on generated tubules after 13 days of culture (a–c). (a) Surface view demonstrates
that tubules contain a polarized epithelium. At the border between the luminal and lateral plasma membrane a tight junctional
complex is developed (arrow head). The basal side of the epithelium rests on a basal lamina (asterisk). (b) Higher magnification
shows the basal aspect of the epithelium and the basal lamina consisting of a lamina rara interna (l.r.i.), lamina densa (l.d.), lamina
rara externa (l.r.ex.) and a lamina fibroreticularis (l.f.). (c) Higher magnification depicts that the lamina fibroreticularis (asterisk)
reveals occasionally an increased thickness containing numerous collagenous fibrils (O).
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collecting duct ampulla comma-shaped bodies as first
visible signs of nephron formation are detected. Down
in the neighborhood of the ampulla shaft further
matured nephrons are present. Thus, the axis of a
developmental gradient is lining vertically from the
organ capsule through the cortex corticis, the tip, the
neck and finally to the shaft of the collecting duct
ampulla. Along this gradient the specific features of the
interstitium were investigated.

A clearly orientated semithin section shows that the
mesenchymal nephrogenic stem/progenitor cells
beyond the organ capsule and the epithelial stem/
progenitor cells in the tip of the collecting duct ampulla
are separated by a wide interstitium (arrows) (Fig. 7b).
A wide interstitial cleft is also recognizable at the
lateral side of the tip, the neck down to the shaft of the
collecting duct ampulla. Here, matured Principal (P)
and Intercalated (IC) cells become visible.

FIGURE 5. Scanning (a, b, d, e, g, h) and transmission (c, f, i) electron microscopy of tubules generated for 13 days at the
interface of an artificial polyester interstitium. (a, d, g) SEM shows that fibers of the polyester fleece (PF) are detected in a
longitudinal, transversal and oblique course. They exhibit a homogeneous composition and a smooth surface without recogniz-
able protrusions or roughness. The diameter of fibers is 10 lm in average. Development of tubules (T) occurs in the space between
the fibers. (a) A basal lamina is covering completely the outer surface of tubules. (d, g) A part of tubules grows in a parallel fashion,
while others exhibit a dichotomous branching. (b) On the outer surface of generated tubules dispersed interstitial cells (I) are found
exhibiting a round shape. (e, h) On the surface of interstitial cells a network of filopodia and extracellular matrix is recognized.
(c, f, i) TEM demonstrates that a close contact exists between protrusions (P) of interstitial cells and attached fibers consisting of
synthesized extracellular matrix. At the contact site (arrow) the plasma membrane appears solubilized. Amorphous material is
protruding through the plasma membrane into the cytoplasm.
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To obtain more information about the develop-
mental processes, histochemistry was performed
(Figs. 7c–7g). Label for laminin c1 is lacking in the
mesenchyme underneath the organ capsule (arrow),
but it is found in the basal lamina of all zones of the
collecting duct ampulla (Fig. 7c). Intensive reaction

for PCD Amp1 is found at the basal lamina of the
ampulla tip (arrow), but the label is decreasing to-
wards the neck and shaft of the ampulla (Fig. 7d). An
inverse result is found for SBA label (Fig. 7e). Faint
reaction is detected in the basal lamina of the tip,
while within the neck and shaft of the collecting duct

FIGURE 6. Light microscopy of renal parenchyma within the developing zone of neonatal rabbit kidney (a–c). (a, b) Cross and (c)
in longitudinal sections depict tubules (T) within the interstitium (I).

FIGURE 7. Features of the interstitium in the developing renal parenchyma. (a) Beyond the capsula fibrosa (CF) the mesenchyme
(mes), the tip, neck and shaft of the collecting duct (CD) ampulla (A) of neonatal kidney are seen. (b) Semithin section shows that
the mesenchyme and the tip of the collecting duct ampulla are separated by a distinct interstitial space (arrows) lining down to the
lateral side of the tip, neck and shaft of the collecting duct ampulla. Matured Principal (P, light) and Intercalated (IC, dark) cells
become visible in the shaft of the collecting duct ampulla. (c) Immuno-label for laminin c1 is lacking in the mesenchyme beneath
the capsule (arrow), while distinct label is found in the basal lamina of all zones of the collecting duct ampulla. (d) Intensive label
for PCD Amp1 is found at the basal lamina of the ampulla tip (arrow), while the reaction is continuously decreasing towards the
neck and shaft. (e) An inverse reaction is found for SBA label. Only faint reaction is detected in the basal lamina of the tip, while
within the neck and shaft of the collecting duct ampulla strong cellular label is present (arrow). (f) Label for Na/K ATPase alpha 5 is
lacking within the tip of the collecting duct ampulla, while intensive reaction is found in the neck and shaft (arrow). (g) Collagen
type III is lacking in the mesenchyme and around the tip of the collecting duct ampulla, while primary arise is found around the
neck (arrow).
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FIGURE 8. Scanning electron microscopy (SEM) in the
cortex of neonatal rabbit kidney demonstrates structural
elements of the interstitium in the mesenchyme (a, b)
beyond the capsule, (c, d) around the tip, (e, f) the neck and
(g, h) the shaft of the collecting duct ampulla. (a, b) The
surface of mesenchymal cells exhibits short microvilli and
numerous protrusions (arrow) searching contact to neigh-
boring cells. It cannot be recognized if the protrusions
consist exclusively of cellular material or if also extracellular
matrix is included. (c, d) View to the tip of the collecting
duct ampulla reveals a rough surface including arborising
fibers (arrow) consisting of extracellular matrix. (e, f) Around
the neck of the collecting duct ampulla the number and size
of fibers decreases (arrow), so that the surface becomes
smooth. Here numerous round particles adherent to fibers
can be recognized. (g, h) Along the shaft of the collecting
duct ampulla the number of round particles (arrows) within
the lamina fibroreticularis decreases and strong fibers are
lacking.

FIGURE 9. Scanning (SEM) (a, c, e, g) and transmission (TEM)
(b, d, f, h) electron microscopy of the cortex in neonatal rabbit
kidney. (a) SEM depicts that cells in the mesenchyme are con-
nected over a loose network of thin fibers (arrow). (c) Around
the tip of the collecting duct ampulla flat interstitial cells with
numerous filopodia and a dense network of extracellular matrix
fibers are seen (arrow). (e) At the neck of the ampulla interstitial
cells are flat showing two or three foot-like protrusions (ar-
rows). At the contact site with the extracellular matrix numerous
filopodia are present. (g) Along the shaft of the ampulla inter-
stitial cells exhibit a cuboidal shape. At the cell side facing the
extracellular matrix remarkable food-like protrusions and filo-
podia keeping contact with extracellular matrix (arrows). (b, d, f,
h) TEM illuminates that a close contact exists between protru-
sions (P) of interstitial cells and attached fibers consisting of
extracellular matrix. At the contact site the plasma membrane
appears solubilized. The amorphous material protrudes
through the plasma membrane into the cytoplasm (arrow).
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ampulla strong cellular label is present. Within the
collecting duct ampulla label for Na/K ATPase alpha
5 is lacking (Fig. 7f). In contrast, intensive reaction
for Na/K ATPase alpha 5 is found in the ampulla
shaft (arrow) and the further matured collecting duct.
Surprisingly, collagen type III is lacking in the mes-
enchyme and around the tip of the collecting duct
ampulla, while primary appearance of label is found
around the neck (arrow) and the shaft of the ampulla
(Fig. 7g). Thus, collagen type III is not synthesized as
a primary structural element in the developing renal
interstitium.

Structural Elements Within the Interstitium

To gain insights in structural features of the devel-
oping interstitium, scanning electron microscopy
(SEM) was performed (Fig. 8). SEM demonstrates
underneath the organ capsule mesenchymal nephro-
genic stem/progenitor cells. It is obvious that they are
keeping an astonishingly wide distance to each other
(Fig. 8a). The surface of mesenchymal cells exhibits
short microvilli and numerous protrusions searching
contact to neighboring cells (Fig. 8b). It cannot be
recognized if the protrusions consist exclusively of
cellular material or if also extracellular matrix is
included. In contrast, view to the tip of the collecting
duct ampulla reveals a rough surface including
numerous arborising fibers (Figs. 8c and 8d). In the
neck of the collecting duct ampulla, the number and
size of fibers decrease, so that the surface becomes
smooth (Figs. 8e and 8f). Yet, numerous more or less
round particles adherent to fibers can be recognized
(Fig. 8f). In the shaft of the collecting duct ampulla,
the number of round particles within the lamina fib-
roreticularis decreases and strong fibers are lacking
(Figs. 8g and 8h). Thus, following the cortico-medul-
lary axis structural elements within the developing
interstitium are heterogeneously composed. This kind
of segmentation appears in parallel to histochemical
changes occurring along the axis between the mesen-
chymal stem/progenitor cells, the ampulla tip, ampulla
neck and ampulla shaft of the collecting duct (Fig. 7).

Cells in the Different Zones of the Developing
Interstitium

To obtain information about cells communicating
with structural elements in the developing interstitium,
SEM was performed. Thus, the cortex corticis
(Fig. 9a), the ampulla tip (Fig. 9c), the ampulla neck
(Fig. 9e) and the shaft of the collecting duct ampulla
(Fig. 9g) were analyzed. The zone of nephrogenic
mesenchyme beyond the organ capsule reveals that
numerous cells are embedded in a loose network

consisting of thin fibers (arrow) (Fig. 9a). It cannot be
decided if cellular protrusions or extracellular matrix
or both are seen. Further down, around the tip of the
collecting duct ampulla flat interstitial cells with
numerous protrusions are localized (Fig. 9c). They are
embedded within a dense network of extracellular
matrix fibers. At the neck of the ampulla interstitial
cells are flat showing two or three foot-like protrusions
(arrow) (Fig. 9e). The surface of the cells is smooth. At
the contact site with extracellular matrix numerous
cellular protrusions are present. In contrast, in the
shaft of the ampulla, interstitial cells exhibit a more or
less cuboidal shape (Fig. 9g). At the cell side facing the
extracellular matrix, remarkable food-like protrusions
(arrow) are detected.

SEM illuminates three-dimensional features of cell
and extracellular matrix within the developing inter-
stitium (Figs. 9a, 9c, 9e, and 9g). However, following
the protrusion of cells it is impossible to recognize a
clear demarcation line between the end of the cell and
the beginning of extracellular matrix. To investigate
this special interface, transmission electron microscopy
(TEM) was performed first in the mesenchymal stem/
progenitor cell group within the cortex corticis
(Fig. 9b), around the ampulla tip (Fig. 9d), the
ampulla neck (Fig. 9f) and the collecting duct ampulla
shaft (Fig. 9h). Surprisingly, in all series it was found
that both protrusions and extracellular matrix have a
close contact to each other. However, this interface is
special, since the plasma membrane appears to be
solubilized to a more or less degree as it was earlier
observed in generated tubules (Figs. 5c, 5f, and 5i).
Most interestingly, in all cases the amorphous material
of extracellular matrix is protruding through the
plasma membrane into the cytoplasm (arrow in
Figs. 9b, 9d, 9f, and 9h).

DISCUSSION

The interstitium is an important functional space
occurring in all parenchymal organs. In the kidney it
can be recognized as a narrow slit between the basal
lamina of tubules and the capillaries. Although barely
visible in light microscopy (arrow, Fig. 7b), the inter-
stitial space is of great importance in the healthy kid-
ney.14 The interstitium consists of extracellular matrix,
the surrounding fluid and the interstitial cells. The
skeletonal portion contains mainly collagen type III
sustaining the three-dimensional structure of the
organ.7 All processes of tubule reabsorption and
secretion have a transit across the fluid portion
localized between the collagen fibers. In the diseased
kidney, inflammatory cells infiltrate the interstitium.
The resulting increase of interstitial cells and extracel-
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lular matrix causes renal fibrosis.6 During this process
tubule cells loose epithelial features and convert to
fibroblast-like cells.3 This epithelial-mesenchymal
transition (EMT) is paralleled for example by the
expression of fibroblast-specific protein-1(FSP1),13

heat shock protein 47 (HSP 47)10,16,21 and a-smooth
muscle actin (SMA).31

In contrast, mesenchymal-epithelial transition
(MET) plays an important role, when stem/progenitor
cells are applied to support regeneration in acute or
chronic renal failure.1,33 The key for a successful
therapeutic concept is to learn about involved cell
biological processes promoting epithelial differentia-
tion during tubule formation. The process of regener-
ation includes mechanisms organizing the spatial
distribution of tubules. In the kidney, this separation is
caused by extracellular matrix proteins synthesized
during organ development. To obtain insights in the
arise of extracellular matrix elements developing renal
parenchyma in the kidney and tubules generating at
the interface of an artificial polyester interstitium was
analyzed.

Interstitium of the Developing Renal Parenchyma

Insights in the structure of the interstitium can be
obtained on an exactly orientated section through the
cortex of neonatal rabbit kidney (Figs. 7a and 7b).
Developing, maturing, and matured tissue can be
found here lining along a developmental axis from the
organ capsule through the cortex down to the
medulla.15 In the cortex, four different zones of mat-
uration can be distinguished. It comprises the mesen-
chyme (including nephrogenic stem/progenitor cells),
the tip (including epithelial stem/progenitor cells), the
neck (maturing), and the shaft (matured) of the col-
lecting duct ampulla (Fig. 7a).

Light microscopy further reveals that the interstit-
ium of developing renal parenchyma is extending as
well between the mesenchymal cells as around the
basal aspect of the collecting duct ampulla (arrow,
Fig. 7b). The interstitial space can be further recog-
nized as a slit running from the tip to the neck and
down to the shaft of the collecting duct ampulla. Here,
the arise of matured P and IC cells within the collecting
duct tubule can be seen.

SEM illuminates better that the mesenchyme con-
taining nephrogenic stem/progenitor cells exhibits
astonishingly wide intercellular spaces reflecting an
extended interstitium (Figs. 8a and 8b). In addition,
numerous anastomizing fibers connect the sides of
neighboring cells. Performing SEM it cannot be deci-
ded yet if the contacting structures consist exclusively
of cellular protrusions or if also extracellular matrix is
involved (Fig. 9a). However, TEM clearly elucidates

that this interface is special. It consists of both syn-
thesized extracellular matrix fibers in close contact
with finger-like cellular protrusions (Figs. 9b, 9d, 9f,
and 9h). Most conspicuous is that amorphous extra-
cellular matrix material is protruding through the
plasma membrane into the cytoplasm.

Heterogeneity of Structural Elements
in the Developing Interstitium

The tip of the collecting duct ampulla is the specific
site, where mesenchymal nephrogenic stem/progenitor
cells interact reciprocally with epithelial stem/progen-
itor cells during nephrogenesis.20,25 This molecular
process results in the formation of a comma-shaped
body as a first morphological sign of a developing
nephron. Thus, the interstitium at the ampulla tip was
analyzed by SEM (Figs. 8c and 8d). A dense network
of extracellular matrix is found here. It consists of
numerous fibers with varying diameter as it was shown
earlier.26,29 In contrast, in the ampulla neck the
roughness, the diameter and the length of the skele-
tonal elements decrease (Figs. 8e and 8f). Instead,
more or less round and bone-shaped particles are
found to be attached to the fibers of the extracellular
matrix. At the shaft of the collecting duct ampulla, the
surface of extracellular matrix becomes smooth and
fibers become rare (Figs. 8g and 8h). In consequence,
the portions of the interstitium along the four zones of
the collecting duct ampulla are heterogeneously com-
posed. Up to date it is speculative if the different shape
is due to different protein composition. The heteroge-
neity of the extracellular matrix could coincidence with
particular functions occurring during nephrogenesis.
However, more information about individual struc-
tural composition is up to date not available and has to
be investigated in future.

Arise of Structural Elements in the Interstitium

The main structural element within the renal inter-
stitium is collagen type III or earlier described as
reticulin.7,22 One could assume that the primary
expression of collagen type III is a driving force
forming the structural portion of the interstitium and
featuring thereby the distance between generating tu-
bules. To obtain exact information, the primary
appearance of collagen type III was investigated
(Fig. 7g). Most interestingly, immuno-label demon-
strates that collagen type III is lacking as well in the
nephrogenic mesenchyme as along the tip and neck of
the collecting duct ampulla. However, further down in
the shaft of the collecting duct ampulla primary
appearance of collagen type III is found. In contrast,
label for laminin c1 is present not only in the shaft, but
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also in the neck and tip of the collecting duct ampulla,
while in the mesenchyme it could not be detected
(Fig. 7c).19 Thus, label for collagen type III is missing
in the zone of renal stem/progenitor cells, but it is
co-localized with laminin c1 in the maturing zone
along the shaft of the collecting duct ampulla. In
consequence, the experiments clearly show that colla-
gen type III is not the primary skeletonal element of
the interstitium in developing renal parenchyma. More
appropriate candidates are earlier described structural
elements such as collagen type IV,29 SBA-labeled
molecules within the basal lamina (Fig. 7e), micro-
fibers26 or PCD Amp128 (Fig. 7d).

Interface Between Generating Tubules

Experiments were further made to investigate the
structured portion of the interstitium keeping gener-
ating tubules in distance (Figs. 2a– 2c). The surface
view on whole mount SBA-labeled specimens demon-
strates that generated tubules do not fuse, but are
separated by each other. Morphometric analysis elu-
cidates that a majority of the tubules generated at an
artificial interstitium exhibits a distance in the range
between 5 and 25 lm (Fig. 2d). Up to date a reason for
the discrete distance between generated tubules is not
known. Moreover, generated tubules exhibit a
co-localization of collagen type III and laminin c1
along the basal lamina (Fig. 3), as it is found in the
developing part of the kidney (Figs. 7c and 7g). The
reaction of collagen type III is also found in the
interstitium of generated tubules. This result illumi-
nates that collagen type III appears as an important
molecule linking the artificial polyester interstitium
with the basal lamina of generated tubules. SEM and
TEM support this finding, since the basal lamina of
generated tubules is surrounded by bundles of syn-
thesized extracellular matrix (Figs. 4 and 5a, 5d, 5g).
Regarding morphometric data (Fig. 2d), it appears
that the linking of polyester fibers and synthesized
extracellular matrix is determining the distance
between generated tubules. Experiments are under
work to illuminate further the interface influencing the
development at an artificial interstitium.

REFERENCES

1Anglani, F., et al. The renal stem cell system in kidney
repair and regeneration. Front. Biosci. 13:6395–6405, 2008.
2Ash, S. R., F. E. Cuppage, M. E. Hoses, and E. E. Selkurt.
Culture of isolated renal tubules: a method of assessing
viability of normal and damaged cells. Kidney Int. 1:55–60,
1975.

3Burns, W. C., P. Kantharidis, and M. C. Thomas. The role
of tubular epithelial-mesenchymal transition in progressive
kidney disease. Cells Tissues Organs 1–3:222–231, 2007.
4Bussolati, B., and G. Camussi. Stem cells and repair of
kidney damage. G Ital Nefrol. 2:161–168, 2008.
5Chhabra, P., and K. L. Brayman. The use of stem cells in
kidney disease. Curr. Opin. Org. Transplant. 1:72–78, 2009.
6Eddy, A. A. Progression in chronic kidney disease. Adv.
Chronic Kidney Dis. 4:353–365, 2005.
7Fleischmajer, R., et al. Immunochemical analysis of human
kidney reticulin. Am. J. Pathol. 5:1225–1235, 1992.
8Giuliani, S., et al. Ex vivo whole embryonic kidney culture:
a novel method for research in development, regeneration
and transplantation. J. Urol. 1:365–370, 2008.
9Grobstein, C. Trans-filter induction of tubules in mouse
metanephrogenic mesenchyme. Exp. Cell Res. 2:424–440,
1956.

10Hamilton, A. M., and J. J. Heikkila. Examination of the
stress-induced expression of the collagen binding heat
shock protein, hsp47, in Xenopus laevis cultured cells and
embryos. Comp. Biochem. Physiol. A Mol. Integr. Physiol.
1:133–141, 2006.

11Heber, S., L. Denk, K. Hu, and W. W. Minuth. Modu-
lating the development of renal tubules growing in serum-
free culture medium at an artificial interstitium. Tissue Eng.
2:281–292, 2007.

12Hopkins, C., J. Li, F. Rae, and M. H. Little. Stem cell
options for kidney disease. J. Pathol. 2:265–281, 2009.

13Iwano, M., et al. Evidence that fibroblasts derive from
epithelium during tissue fibrosis. J. Clin. Invest. 3:341–350,
2002.

14Kaissling, B., and M. Le Hir. The renal cortical interstit-
ium: morphological and functional aspects.Histochem. Cell
Biol. 2:247–262, 2008.

15Kloth, S., et al. Transitional stages in the development of
the rabbit renal collecting duct. Differentiation 1:21–32,
1998.

16Manwell, L. A., and J. J. Heikkila. Examination of
KNK437- and quercetin-mediated inhibition of heat shock-
induced heat shock protein gene expression in Xenopus
laevis cultured cells. Comp. Biochem. Physiol. A Mol.
Integr. Physiol. 3:521–530, 2007.

17Minuth, W. W., A. Blattmann, L. Denk, and H. Castrop.
Mineralocorticoid receptor, heat shock proteins and im-
munophilins participate in the transmission of the tubulo-
genic signal of aldosterone. J. Epithel. Biol. Pharmacol.
11:24–34, 2008.

18Minuth, W. W., L. Denk, K. Hu, H. Castrop, and C.
Gomez-Sanchez. The tubulogenic effect of aldosterone is
attributed to intact binding and intracellular response of
the mineralocorticoid receptor. Cent. Eur. J. Biol. CEJB
2(3):3307–3325, 2007.

19Minuth, W. W., L. Sorokin, and K. Schumacher. Gener-
ation of renal tubules at the interface of an artificial
interstitium. Cell. Physiol. Biochem 4–6:387–394, 2004.

20Nigam, S. K., and M. M. Shah. How does the ureteric bud
branch? J. Am. Soc. Nephrol. 20:1465–1469, 2009.

21Razzaque, M. S., V. T. Le, and T. Taguchi. Heat shock
protein 47 and renal fibrogenesis. Contrib. Nephrol. 148:
57–69, 2005.

22Razzaque, M. S., et al. Synthesis of type III collagen and
type IV collagen by tubular epithelial cells in diabetic
nephropathy. Pathol. Res. Pract. 11:1099–1104, 1995.

23Sariola, H. Nephron induction. Nephrol. Dial. Transplant.
17(9):88–90, 2002.

MIESS et al.2208  Author's personal copy 



24Saxén, L., and E. Lehtonen. Embryonic kidney in organ
culture. Differentiation 1:2–11, 1987.

25Schmidt-Ott, K. M., et al. Novel regulators of kidney
development from the tips of the ureteric bud. J. Am. Soc.
Nephrol. 7:1993–2002, 2005.

26Schumacher, K., R. Strehl, and W. W. Minuth. Charac-
terization of micro-fibers at the interface between the renal
collecting duct ampulla and the cap condensate. Nephron.
Exp. Nephrol. 2:e43–e54, 2003.

27Strehl, R., S. Kloth, J. Aigner, P. Steiner, and W. W.
Minuth. PCDAmp1, a new antigen at the interface of the
embryonic collecting duct epithelium and the nephrogenic
mesenchyme. Kidney Int. 6:1469–1477, 1997.

28Strehl, R., and W. W. Minuth. Partial identification of the
mab (CD)Amp1 antigen at the epithelial-mesenchymal
interface in the developing kidney. Histochem. Cell Biol.
5:389–396, 2001.

29Strehl, R., V. Trautner, S. Kloth, and W. W. Minuth.
Existence of a dense reticular meshwork surrounding the

nephron inducer in neonatal rabbit kidney. Cell Tissue Res.
3:539–548, 1999.

30Sutterlin, G. G., and G. Laverty. Characterization of a
primary cell culture model of the avian renal proximal
tubule. Am. J. Physiol. 1 Pt 2:R220–R226, 1998.

31Xu, G., and X. Liu. Aldosterone induces collagen synthesis
via activation of extracellular signal-regulated kinase 1 and
2 in renal proximal tubules. Nephrology (Carlton) 8:694–
701, 2008.

32Yokoo, T., A. Fukui, K. Matsumoto, and M. Okabe. Stem
cells and kidney organogenesis. Front. Biosci. 13:2814–
2832, 2008.

33Zeisberg, E. M., S. E. Potenta, H. Sugimoto, M. Zeisberg,
and R. Kalluri. Fibroblasts in kidney fibrosis emerge via
endothelial-to-mesenchymal transition. J. Am. Soc. Neph-
rol. 12:2282–2287, 2008.

Interstitium of Developing Tubules 2209 Author's personal copy 


	The Interface Between Generating Renal Tubules and a Polyester Fleece in Comparison to the Interstitium of the Developing Kidney
	Abstract
	Introduction
	Materials and Methods
	Isolation of Tissue Containing Renal Stem/Progenitor Cells
	Mounting Stem/Progenitor Cells in a Tissue Carrier  for Perfusion Culture
	Perfusion Culture
	Histochemical Labeling
	Confocal Fluorescence Microscopy
	Scanning Electron Microscopy
	Transmission Electron Microscopy
	Morphometry

	Results
	Arrangement of Tubules
	Extracellular Matrix Between Generated Tubules
	Structural Features of the Interstitial Space  Between Generated Tubules
	Interstitium of the Developing Renal Parenchyma
	Structural Elements Within the Interstitium
	Cells in the Different Zones of the Developing Interstitium

	Discussion
	Interstitium of the Developing Renal Parenchyma
	Heterogeneity of Structural Elements  in the Developing Interstitium
	Arise of Structural Elements in the Interstitium
	Interface Between Generating Tubules

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


