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ABSTRACT

Purpose: The objective of this paper is to analyze the structure of the ureter in normal
and anencephalic human fetuses.

Materials and Methods: We studied 16 ureters from 8 human fetuses without congenital
anomalies aged 16 to 27 weeks post-conception (WPC) and 14 ureters from 7 anencepha-
lic fetuses aged 19 to 33 WPC. The ureters were dissected and embedded in paraffin, from
which 5 pm thick sections were obtained and stained with Masson trichrome, to quan-
tify smooth muscle cells (SMC) and to determine the ureteral lumen area, thickness and
ureteral diameter. The samples were also stained with Weigert Resorcin Fucsin (to study
elastic fibers) and Picro-Sirius Red with polarization and immunohistochemistry analy-
sis of the collagen type III fibers to study collagen. Stereological analysis of collagen,
elastic system fibers and SMC were performed on the sections. Data were expressed as
volumetric density (Vv-%). The images were captured with an Olympus BX51 microscope
and Olympus DP70 camera. The stereological analysis was done using the Image Pro and
Image J programs. For biochemical analysis, samples were fixed in acetone, and collagen
concentrations were expressed as micrograms of hydroxyproline per mg of dry tissue.
Means were statistically compared using the unpaired t-test (p < 0.05).

Results: The ureteral epithelium was well preserved in the anencephalic and control
groups. We did not observe differences in the transitional epithelium in the anencephalic
and control groups. There was no difference in elastic fibers and total collagen distribu-
tion in normal and anencephalic fetuses. SMC concentration did not differ significantly
(p = 0.1215) in the anencephalic and control group. The ureteral lumen area (p = 0.0047),
diameter (p = 0.0024) and thickness (p = 0.0144) were significantly smaller in anence-
phalic fetuses.

Conclusions: Fetuses with anencephaly showed smaller diameter, area and thickness.
These differences could indicate that anencephalic fetal ureters tend to have significant
structural alterations, probably due to cerebral lesions with consequent brain control
damage of ureter nerves.
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INTRODUCTION

Neural tube defects are one of the most
common congenital malformations of the central
nervous system, with an average prevalence at
birth of 1 per 1000 (1). Anencephaly is the most
severe fetal neural tube defect, resulting from fai-

lure of the neural tube to close at the base of the
skull in the third or fourth week (day 26 to 28)
after conception, leaving the skull bones that usu-
ally surround the head unformed.

Despite ethical conflicts, the literatu-
re shows some reports about the use of anence-
phalic fetus organs for transplantation (2-5). The
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organ structure of anencephalic fetuses and chil-
dren is virtually unknown. Recently the structure
of anencephalic fetal kidneys (6), bladder (7) and
penis (8) has been studied. The bladder of anen-
cephalic fetuses had gross histological alterations
when compared to normal fetuses (7). Carvalho
(8) showed no differences in the structure of the
genitalia from anencephalic fetuses compared to
normal ones.

In the future, ureter tissue from anence-
phalic fetuses could be used as engineering mo-
dels in the pediatric population (9). Tissue from
kidneys, ureters and bladder could also be used
in the future as an alternative to complex recons-
tructive surgeries (10).

There are few reports of the morphology
of ureters during the human fetal period (11), and
there are no studies of the ureter in anencephalic
fetuses. The objective of our study is to analyze the
ureter structure in anencephalic human fetuses.

MATERIALS AND METHODS

The present work received approval from
the institutional review committee and parents. This
work was carried out in accordance to the ethical
standards of the institutional committee on human
experimentation.

We studied 16 ureters obtained from 8 hu-
man fetuses (4 males and 4 females) and 14 ureters
from 7 anencephalic human fetuses (4 males and 3
females) that died of causes unrelated to the genitou-
rinary tract. The fetuses were macroscopically well
preserved and there was no evidence of congenital
malformation. The gestational age of the fetuses was
determined in weeks post-conception (WPC), accor-
ding to the foot-length criterion. This criterion is cur-
rently considered the most acceptable parameter to
calculate gestational age (12-16). The fetuses were
also evaluated regarding crown-rump length and
body weight immediately before dissection. All mea-
surements were made by the same observer.

After the measurements, the fetuses were ca-
refully dissected with the aid of a stereoscopic lens
with 16/25X magnification. The fetal ureter was ca-
refully removed, together with kidneys and bladder.
The ureter was separated from the other structures
and the distal portion was fixed in 10% buffered

formalin, and routinely processed for paraffin em-
bedding, and 5 pm thick sections were obtained at
200 pm intervals. Smooth muscle cells, connective
tissue, elastic system fibers and collagen were studied
by histochemical, immunohistochemical and bioche-
mical methods.

Sections were stained with hematoxylin-eo-
sin to assess the integrity of the tissue. We performed
the following staining: Masson’s trichrome, in order
to quantify SMC and to determine the ureteral lu-
men area, thickness and ureteral diameter; Weigert
Resorcin Fucsin with previous oxidation in order to
observe elastic system fibers; and Picro-Sirius Red
with polarization for observation of different colla-
gen types. SMC were quantified by the stereological
method (17).

Five sections were stained, and five fields of
each section were selected. All selected fields were
photographed with an Olympus DP70 camera coupled
to an Olympus BX51 microscope. The images were
processed using the Image Pro software. The fibers
were quantified using the Image J software to deter-
mine the volumetric density (Vv) of each component
(Figure-1A). The ureter lumen area was determined
by the contour of the epithelium (Figure-1B) and the
ureter thickness was measured using the program at
least five times for each specimen (Figure-1C).

The immunohistochemical analysis of the
collagen type III (mouse monoclonal collagen III AB-
CAM) and collagen type I (mouse monoclonal colla-
gen I ABCAM) fibers used the avidin biotin (ABC)
method with positive and negative controls. The im-
munohistochemical analysis of the elastic system fi-
bers used the Monoclonal Elastin Antibody ab 9519
(Abcam®, Cambridge, MA, United States). The slides
were previously treated with poly-L-lysine for better
adherence of the sections.

For the biochemical analysis of the colla-
gen, tissue samples were fixed in acetone. The con-
centration of total collagen in the bladder tissue
was determined by a colorimetric hydroxyproline
assay. Thus, 5 to 14 mg of dry, defatted ureter tissue
was hydrolyzed in 6N HCl for 18 hours at 118 °C, as
previously described (19). The assay was then car-
ried out in the neutralized hydrolysates using the
chloramine T method (20). The results were expres-
sed as micrograms of hydroxyproline per milligram
of dry, defatted tissue.
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Figure 1 - Morphometric analysis of the fetal ureter. A) Photomicrograph showing quantification of smooth muscle cells of
the ureter in a fetus of the control group with 16 WPC using the software Image J Test grid. Masson’s trichrome X400. B)
Photomicrograph showing the measurement of the ureter lumen area in an anencephalic fetus with 30 WPC. HE X40. C) Pho-
tomicrograph showing the ureter thickness in a fetus of the control group with 27 WPC. Masson’s trichrome X40.
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Means were statistically compared using the
unpaired t-test (p < 0.05) and the Wilcoxon two-
-sample test with the Graph Pad Prism software.

RESULTS

After dissection, we did not observe any
macroscopic anomalies in the urogenital system of
the anencephalic fetuses. These fetuses ranged in
age between 19 and 33 WPC, weighed between 280
and 1330 g, and had crown-rump length between
14 and 25 cm. The fetuses of the control group ran-
ged in age between 16 and 27 WPC, weighed be-
tween 185 and 1128 g, and had crown-rump length
between 14.5 and 27 cm (Table-1).

The ureteral epithelium was well preserved
in the anencephalic and control groups. We did not

observe differences in the transitional epithelium
in the anencephalic and control groups. The analy-
sis of the ureteral lumen area showed a decrease (p
= 0.0047) in anencephalic ureter (6365 + 1282 )
compared to the control group (20170 + 5480 p).
The ureteral diameter was smaller (p = 0.0024) in
the anencephalic ureters (166.7 + 10.99 p) than in
those in the control group (240.0 + 26.66 1) and
ureteral thickness were also significantly smaller (p
= 0.0144) in the anencephalic fetuses (30.57 + 2.034
1) as compared to the normal fetuses (47.49 + 7.453
). The statistical data are presented in Table-2.
Histochemistry with Weigert's showed un-
clear results, so to confirm the presence of elastic
system elements, we performed immunolabeling
with elastin, which showed positivity only in fetuses
from 27th WPC. There was no difference in elastic
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Table 1 - Age and fetal parameters of the sample.

Fetus(Sex) Age (WPC) Anomaly Weight (g) CRL (cm)
1 (M) 19 anencephaly 280 14
2 (F) 20 anencephaly 280 14
3 (M) 20 anencephaly 340 16.5
4 (F) 22 anencephaly 420 19
5 (M) 21 anencephaly 420 19.5
6 (F) 30 anencephaly 1220 22
7 (M) 33 anencephaly 1330 25
8 (M) 16 none 185 14.5
9 (M) 16 none 195 15
10 (M) 17 none 190 16
11 (F) 17 none 225 17.5
12 (F) 17 none 140 18.5
13 (F) 18 none 280 16.5
14 (F) 18 none 235 15.3
15 (F) 27 none 1128 27

WPC = age in weeks post-conception
g = grams

CRL = crown-rump length

cm = centimeters

F = Female fetuses

M = Male fetuses

fiber distribution in the normal and anencephalic
fetuses (Figure-2).

Stereology analysis documented a decre-
ase without significance (p = 0.1215) of SMC in
anencephalic ureters (12.00 + 1.628%) compared
to normal organs (13.51 + 0.9231%). Figure-3 sho-
ws the SMC arrangement in normal and anence-
phalic fetus ureters.

Biochemical analysis showed that the con-
centrations of total collagen in the ureter from nor-

mal (mean + SD, 38.19 + 16.86 pg hydroxyproline/
mg dry tissue) and anencephalic (44.26 + 7.13 pg
hydroxyproline/mg dry tissue) fetuses were not sig-
nificantly different (p > 0.05).

In the qualitative analysis by Immunohis-
tochemistry, type Il collagen was observed in both
groups, although normal fetus ureters showed a hi-
gher quantity (Figure-4A and Figure-4B). Regarding
type I collagen, only a small quantity was observed
in both groups. Picro Sirius Red with polarization
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Table 2 - Statistical data of ureteral parameters analyzed.

Ureteral Parameters Anencephalic / Mean (SD) Normal / Mean (SD) P value
Diameter 166.7 + 10.99 pm 240.0 £ 26.66 pm 0.0294
Thickness 30.57 £2.034 pm 47.49 £+ 7.453 pm 0.0448
Area of lumen 6365 + 1282 ym 20170 + 5480 ym 0.0341
Muscle 12.00 + 1.628 pg/mg 13.51 £ 0.9231 pg/mg 0.4413

1g/mg = micrograms of hydroxyproline per milligram of dry, defatted tissue
pm = micrometer

Figure 2 - Photomicrographs showing the elastic system fibers (Brown). A) Normal fetal ureter with 27 WPC. Anti-elastin
antibody X400. B) Anencephalic fetal ureter with 30WPC. Anti-elastin antibody X400.

Figure 3 - Photomicrographs showing smooth muscle. A) Normal fetal ureter with 20 WPC. Masson’s trichrome X400. B)
Ureter of fetus with anencephaly with 20 WPC. Masson’s trichrome X200.
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photomicrographs presented a difference in colors
between the groups. This difference could suggest
changes in the collagen fiber organization of anen-
cephalic fetal ureters. The analysis showed predo-
minance of green in normal fetal ureters, sugges-
ting collagen type Il presence and a predominance
of red in anencephalic fetal ureters, suggesting
collagen type I presence in this group (Figure-4C
and Figure-4D).

DISCUSSION

The ureters develop from the caudal portion
of the ureteric bud. At the fifth week of develop-

ment, the ureteric bud arises as a diverticulum from
the mesonephric (Wolfian) duct (21). The ureter bud
grows cranially and contacts the intermediate me-
soderm. As it reaches the mesoderm in the lower
lumbar - upper sacral region, a cap of mesoderm
cells surrounds it. This cap is called the metane-
phrogenic blastema. The metanephrogenic blaste-
ma forms glomeruli, proximal tubules and distal
tubules (21). The ureteric bud divides and branches
forming the renal pelvis, calyces, and collecting tu-
bules, which will provide a conduit for urine drai-
nage in the mature kidney. At nine weeks of deve-
lopment, the metanephros, which will become the
mature kidney, starts to produce urine (21).

Figure 4 - Photomicrographs showing fetal ureter collagen. A) Immunohistochemistry showing type Il collagen (brown) in
a normal fetal ureter with 17 WPC. Anti-collagen type Il antibody X400. B) Inmunohistochemistry showing type Il collagen
(brown) in anencephalic fetal ureter with in a fetus with 16 WPC. Anti-collagen type I1l antibody X400. C) The photomicrograph
shows predominance of green in normal fetal ureter, suggesting collagen type Ill presence in fetus with 27 WPC. Picro Sirius
Red with polarization X400. D) The photomicrograph shows predominance of red in anencephalic fetal ureter, suggesting
collagen type | presence in fetus with 30 WPC. Picro Sirius Red with polarization X400.
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Knowledge of the structure of the ureter in
anencephalic fetuses is of great importance, since
there are reports of an anencephalic fetus transplant
donor with chronic renal failure where the ureter
was used to divert urine (22). Such engineered tissue
can be useful in the future for ureteral reconstruc-
tion. There are some reports of autologous urothe-
lial cell transplantation (23,24) and ureteral recons-
truction using autologous tubular grafts in animal
models with good results (25,26). Analysis of the
ureteral structure in anencephalic fetuses could be
important in future studies of tissue engineering.

In our sample we did not observe signifi-
cant differences in SMC between the anencephalic
and normal fetuses. A slight but not significant in-
crease in SMC was observed in the normal fetuses,
but there was a significant decrease of lumen area,
thickness and diameter in the ureters from anence-
phalic fetuses. In a recent study, we observed gross
histological alterations in the bladder of anencepha-
lic fetuses (7). Lesions in the nervous system with
consequent alteration in nerve regulation could be
a plausible hypothesis to explain structural chan-
ges in the bladder and ureter in patients with neural
tube defects.

Anencephalic fetuses have cerebral exposi-
tion, usually with spinal cord preservation. Bladder
nerves in anencephalic fetuses could be modified
due to cerebral lesions with consequent brain con-
trol damage in bladder nerves. This could lead to
structural alterations in anencephalic fetal bladders
and ureters too.

Collagen and elastin are important compo-
nents of the ureter wall, which affect ureter contrac-
tion. Collagen provides tensile strength although
over-accumulation may inhibit ureteral contractili-
ty and the conduction of electrical impulses through
the wall. Elastin provides tissue elasticity and could
help compliance (27).

Elastic system fiber alterations are involved
in fibrotic tissue formation. However, in our sam-
ples we only observed the presence of elastic fibers
in fetuses with more than 25 WPC and we did not
observe differences in elastic system fibers in either
the anencephalic or control group. This might indi-
cate that this extracellular matrix component appe-
ars only in the third gestational trimester in the fetal
ureter. Previous studies have described the elastic

system fibers in other human fetal genitourinary or-
gans (28).

In our study, we did not observe significant
differences between elastic fibers and total collagen
in normal and anencephalic ureters, although we
did observe a small increase of type I collagen in
anencephalic fetal ureters. In a previous study of
anencephalic bladders we observed a predominance
of type III collagen. Collagen increases in chronic
bladder obstruction in human adults. The abnor-
mally large amount of collagen found in obstructed
bladders is also believed to decrease muscle contrac-
tility, in addition to affecting bladder compliance
and subsequent high intra-vesicle pressure, which
results in changes in ureteral contraction and lea-
ds to histological changes in the ureteral wall (27).
Previous studies in rabbits have shown that ureteral
obstruction causes progressive thickening of the la-
mina muscularis mucosae with a large increase in
collagen, findings not confirmed by our study.

CONCLUSIONS

The concentrations of total collagen in the
ureter from normal and anencephalic fetuses are not
significantly different. Fetuses with anencephaly
showed smaller diameter, area and thickness. The-
se differences could indicate that anencephalic fetal
ureters have significant structural alterations, pro-
bably due to cerebral lesions with consequent brain
control damage in ureter nerves.

ABBREVIATIONS

WPC = weeks post-conception
Vv = volumetric density
SMC = Smooth Muscle Cells
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