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Abstract

Important steps during the prenatal development of the bo-
vine uterus are described using conventional hematoxylin-
eosin staining of fetuses from different developmental stag-
es [crown-rump length (CRL) 9.2-94.0 cm]. Additionally, a
number of intermediate filaments (keratin 7, 8, 14, 18, 19;
and vimentin), the basement membrane protein laminin,
smooth-muscle marker (SMA), and S100 were studied to fur-
ther characterize certain differentiation processes. During
early development, the uterine epithelium is simple or
(pseudo)stratified with bud-like protrusions. Developing ca-
runcles can be observed in the corpus uteri at a CRL of 15.8
cm onwards, showing a simple, keratin-positive epithelium.
In contrast, the intercaruncular areas are characterized by a
(pseudo)stratified epithelium, which also shows positive
staining in a different manner for the investigated keratins.
A differentiation of smooth muscle cell layers can be ob-
served from a CRL of 24.4 cm onwards. Intense SMA-positive
cells/fibers, arranged perpendicularly to the developing cir-
cular SMA-positive muscle cell layer, can be found preferen-

tially located in the developing caruncles. Lymphocytes oc-
cur in the uterine epithelium and stroma in the corpora and
cornua of fetuses with a CLR of 15.8 cm and higher.
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The uterus of many mammalian species has been de-
scribed using established histological techniques during
different stages of the reproductive life [King et al., 1979;
Boos, 2000; Taylor et al., 2000; Gray et al., 2001; Carpen-
ter et al., 2003; Gray et al., 2003; Hayashi et al., 2005], but
only few studies have concentrated on its prenatal devel-
opment. The uterus is formed by the fusion of caudal
parts of the Miillerian ducts [Baumgartner, 1910; Riisse
and Sinowatz, 1998; Spencer et al., 2012; Konig and Lie-
bich, 2014]. Paranko et al. [1985] and Paranko and Vir-
tanen [1986] described the differentiation process of the
early genital ducts with different tissue markers in rats.
Konishi et al. [1984] studied the differentiation of the
smooth muscle layer in the human prenatal uterus using
ultrastructural techniques. Differentiation of the bovine
endometrium in fetuses ranging from days 151 to 282 has
been described by Atkinson et al. [1984]. Wiley et al.
[1987] studied the histogenesis of the uterus in fetal and
neonatal lambs with special focus on the caruncular (nod-
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Table 1. Overview of the used antibodies

Primary Clonality, animal species, dilution, incubation ~ Supplier Secondary antibody, dilution ~ Accession
antibody number
Keratin 7 monoclonal, mouse, 1:100, 20 h at 4°C Progen Rabbit anti-mouse, 1:300 61025
Keratin 8 monoclonal, mouse, 1:500, 20 h at 4°C Novus Biologicals ~ Rabbit anti-mouse, 1:300 NB500-349
Keratin 18 polyclonal, guinea pig, 1:200, 20 h at 4°C Progen Goat anti-guinea pig, 1:300 GP-CK18
Keratin 19 polyclonal, guinea pig, 1:200, 20 h at 4°C Progen Goat anti-guinea pig, 1:300 GP-Ck19
Vimentin monoclonal, mouse, 1:500, 20 h at 4°C Dako Rabbit anti-mouse, 1:300 M7020
Collagen I monoclonal, mouse, 1:500, 20 h at 4°C Abcam Rabbit anti-mouse, 1:300 Ab6308
SMA monoclonal, mouse, 1:40, 1 h at RT Dako Rabbit anti-mouse, 1:300 Mo0851
S100 polyclonal, rabbit, 1:400, 30 min at RT Dako Pig anti-rabbit, 1:300 70311
Laminin polyclonal, rabbit, 1:500, 20 h at 4°C Serotec Pig anti-rabbit, 1:300 AHP420T

The secondary antibodies were all incubated for 30 min at room temperature (RT).

ular) and internodular endometrial development and dif-
ferentiation. Spencer et al. [2012] described the hormon-
al, cellular, and molecular processes and also pathological
pathways during uterus development.

In the present study we give a short overview of the
prenatal development of the bovine uterus with a special
focus on differences between caruncular and intercarun-
cular areas, the expression patterns of the intermediate
filaments, and the development process of the caruncles.

Material and Methods

Sampling and Preparation of Prenatal Uteri

Collection, cutting, fixation, and preparation of prenatal uteri
has been performed similar to previous studies [Kenngott and
Sinowatz, 2007, 2008], using modifications of histological tech-
niques described in Mulisch and Welsch [2010].

After saving prenatal bovine uteri of various development stag-
es of 20 bovines (crown-rump length (CRL) between 9.2 cm and
94.4 cm), the respective corpora and cornua uteri were fixed in
Bouin’s solution [Mulisch and Welsch, 2010] as well as in 3.7%
phosphate-buffered formalin [Mulisch and Welsch, 2010] for 12—
24 h (with exception of the uterus with a CRL of 9.2 cm which was
processed in toto). Dehydration (graded series of alcohols) and
embedding in paraffin was accomplished according to a standard
tried and tested workflow (Institute of Anatomy, Histology, and
Embryology). Serial sections (5 um) were gathered from each tis-
sue sample by means of a Leitz microtome (Typ1516; Leitz, Ger-
many) and subsequently stained with hematoxylin-eosin accord-
ing to Mulisch and Welsch [2010].

Immunohistochemical Staining

Immunohistochemistry was carried out analog to the work se-
quence, congruent with the techniques of Mulisch and Welsch
[2010] and adapted to the use of the antibodies in our study. This
protocol is previously described at length in our investigation on
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the bovine genital tract [Kenngott and Sinowatz, 2007, 2008;
Kenngott et al., 2013]. In brief, 5-um serial sections, affixed on
APES (aminopropyltriethoxysilane)-coated slides (SupraFrost Ul-
tra Plus, Menzel-Gléser), were dried overnight at 37°C in a dry
box. Subsequently, the wax was removed by xylene, and the slides
were then pulled through in a series of alcohols, falling in concen-
tration, and at last dipped into distilled water, carefully soaking
them with each step. Proteinase XXIV (0.1%; Sigma, P8038) was
utilized, predigesting for 15 min, followed by thoroughly rinsing
in PBS buffer (pH 7.4). The slides were immersed in 0.1% H,0, at
room temperature for 10 min to rule out the possibility of endog-
enous peroxidase and to cut down non-specific antibody binding.
Dako Protein-Block-Serum-Free was applied for 20 min. After us-
ing ABC technique [Noll and Schaub-Kuhnen, 2000] overnight in
humid chambers at 4°C and applying the secondary antibody, the
slides were again thoroughly soaked in PBS (3 x 5 min) followed
by visualization through DAB (diaminobenzidine) for 5-10 min.
This reaction was halted by a careful rinse with distilled water to
finally being weakly counter-stained with hematoxylin (30 s). The
polyclonal and monoclonal antibodies used as primary antibodies
are listed in table 1.

Negative controls were carried out substituting the specific pri-
mary antibody with diluents (Dako). Tissues with established spe-
cific immunoreactivity for the corresponding antibodies applied
in this study were chosen as positive controls.

Results

The general nomenclature for the microscopic-ana-
tomical classification of the uterus organization is used
according to the description of Liebich [2009].

Short Summary of General Observations Occurring

Frequently in Different Prenatal Uterus Stages

Transverse sections of the uteri from different devel-
opmental stages show mostly a round to oval lumen in the
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cornua and corpora. The lumen of the corpus is always
larger than the more roundish lumen of the cornua. The
histology of the endometrium, myometrium, and peri-
metrium in the corpus and cornua are identical, but the
differentiation process seems to be a little faster in the
corpus than in the cornua. In general, epithelium cells
with a lighter cytoplasm can be observed between the
resting epithelial cells in all investigated stages. From a
CRL of 31.0 cm onwards, prominent cells/fibers can be
observed in the caruncles, which are arranged perpen-
dicularly to the longitudinal axis of the uterus, and they
are lacking in the intercaruncular areas. Additionally, big
vessels, perpendicular to the circular muscular layer, are
seen within the caruncles. Scattered polygonal cells can be
detected between the smooth muscle cells of the develop-
ing tunica muscularis. Tubular-like epithelium invagina-
tions into the underlining stromal tissue are found in the
intercaruncular areas of the corpus uteri of fetuses with a
CRL of 94.0 cm.

Observations in Different Developing Stages in

Hematoxylin-Eosin-Stained Sections

The early uterus epithelium of fetuses with a CRL of
9.2-11.4 cm is (pseudo)stratified with polygonal strong-
ly stained nuclei, containing 2-3 nucleoli (fig. 1A, B). The

Fig. 1. Overview of important steps during the fetal development
of the bovine uterus. A, B Section through the corpus and cornua
uteri of a fetus with a CRL of 11.4 and 15.8 cm. Both segments are
lined with a columnar, (pseudo)stratified epithelium. C Detail of
the wall of the cornua uteri from a fetus with a CRL of 15.8 cm. The
epithelium is highly prismatic, and the apical and basal cytoplasm
is weakly stained. The nuclei are arranged mainly in the central
cytoplasm of epithelium cells. A faint differentiation into 3 zones
can be observed in the mesenchymal wall. D Overview of the wall
of the cornua uteri from a fetus with a CRL of 24.4 cm. Note the
epithelium folding buds, which protrude into the lumen and the
densely packed stroma cells directly under the basal lamina. E Wall
detail of the cornua uteri from a fetus with a CRL of 31.0 cm. Three
zones can be now distinguished in the corpus uteri wall, and ca-
runcles can also be observed. F Detail of the the cornua uteri wall
from a fetus with a CRL of 31.0 cm. The differentiating smooth
muscle cells are spindle-shaped, elongated, and surround the lu-
men in a radial manner. G Section through the cornua uteri of a
fetus with a CRL of 31.0 cm. Prominent caruncles protrude into
the lumen of the corpus. H Detail of the corpus epithelium from a
fetus with a CRL of 31.0 cm. The epithelium is more regularly ar-
ranged and columnar-shaped. Note the densely sitting stroma cells
close to the basal lamina. I Detail of the corpus epithelium from a
fetus with a CRL of 44.8 cm. The epithelium in the intercaruncular
regions is (pseudo)stratified with no regular arrangement. J Detail
of the caruncles epithelium of the corpus from a fetus with a CRL
of 44.8 cm. The epithelium of the caruncles apex is more reduced
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apical cell membrane of the epithelial cells is often more
distinctly stained. Sometimes big round cells with strong-
ly stained roundish nuclei can be found in the basal or
apical area of the epithelium. The mesenchymal cells are
undifferentiated and loosely arranged in a radial manner
under the epithelium. These cells are polygonal with
large nuclei (and 1-2 distinct nuclei). Intercellular spac-
es with little extracellular matrix can be observed be-
tween the mesenchymal cells. No definite zonal differen-
tiation of the surrounding mesenchymal tissue can be
precisely distinguished in these stages, and no morpho-
logical differences can be seen between the corpus and
the cornua.

The epithelium of the uterine corpus of fetuses with a
CRL of 15.8 cm is similar to that of previous stages; how-
ever, the high prismatic to (pseudo)stratified epithelium
at some location protrudes ‘bud-like’ into the lumen.
Now a subdivision into different zones can be detected
(fig. 1C). The stroma of the endometrium underneath
the epithelium appears more densely organized and can
be clearly distinguished from the resting, more loosely
arranged, endometrial stroma cells (first area = endome-
trium). In contrast, the cells of the second area (later
myometrium) are already elongated and show a more
longitudinal arrangement compared to the remaining

in height with dark stained round nuclei. K, L Detail of the corpus
uteri wall from a fetus with a CRL of 44.8 cm. Different areas can
be distinguished in the wall of the uterus. M Section through the
cornua uteri lumen from a fetus with a CRL of 57.6 cm. Note the
big caruncle in contrast to the smaller developing caruncles on the
other luminal side. N Section through the cornua uteri lumen from
a fetus with a CRL of 66.0 cm. Note the regularly arranged highly
prismatic epithelium of the caruncles in contrast to the higher
(pseudo)stratified epithelium of early caruncles constructions.
O Section through the corpus uteri lumen from a fetus with a CRL
of 66.0 cm. Note the multiple well-developed caruncles, which are
arranged in close contact to each other. P Detail of the cornua uteri
wall from a fetus with a CRL of 72.5 cm. Note the well-developed
and more expanded tunica muscularis. The caruncle stroma under
the epithelium is more compact in contrast to the remaining loose-
ly arranged caruncle stroma cells. Q Section through the interca-
runcular regions of the cornua uteri from a fetus with a CRL 0f 72.5
cm. There are always newly formed epithelial folding buds in the
intercaruncular regions. R Detail of a caruncle from the cornua
uteri of a fetus with a CRL of 90.0 cm. Note the numerous small
vessels in the caruncle stroma. S, T Section through the cornua
uteri of a fetus with a CRL of 94.0 cm. The tunica muscularis is
broad with well-differentiated smooth muscle cells. Different ves-
sels and nerve cells can be seen. In the tunica a band of further
smooth muscle cells can be observed adjacent to the tunica mus-
cularis. Note the well-developed vessels in the carunclar stroma
cells.

(For figure see next page.)
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stroma cells. The polygonal cells of the third area (later
perimetrium) are loosely ordered with polygonal cells
and big intercellular spaces. Small and big vessels are dis-
persed between the cells, but the bigger vessels are most-
ly located in the third area. Generally, a nearly identical
morphological organization can be recognized in the
cornua, but the ‘budding process’ of the epithelium is less
pronounced.

In the corpora as well as in the cornua of fetuses with
CRLs of 24.4 cm (fig. 1D) to 29.8 cm the epithelium buds
increase strongly in number as well as in size. The epithe-
lium itself remains highly prismatic to (pseudo)stratified
but appears to be more regularly arranged. The small and
polygonal nuclei are located mostly in the central areas of
the epithelial cells. Some epithelium buds are now sup-
ported by stroma cells, which have increased in size com-
pared to the remaining epithelium buds. In these areas
the protruding stroma and the epithelial buds form the
anlage of the caruncles (carefully observed).

The surrounding mesenchymal tissue areas appear
more differentiated.

Epithelium buds in different stages of development,
underlaid by stroma cells, as well as already expanded ca-
runcles can be observed in the corpora and in cornua of
fetuses with CRLs of 31.0 cm (fig. 1E, G, H) and 44.8 cm.
The epithelium of caruncles is a simple cuboid to colum-
nar epithelium (fig. 1J). The nuclei are oval and are usu-
ally located basal or concentric in the cytoplasm. In con-
trast, the epithelium of the intercaruncular regions
(fig. 1I) is (pseudo)stratified. Additionally, numerous
new narrow epithelium buds are perceived in intercarun-
cular areas, which later transform to early caruncles. The
stroma cells (in caruncular and intercaruncular regions)
adjacent to the epithelium show no defined arrangement
but are always more compactly arranged than the remain-
ingloose endometrium and the developing caruncle stro-
ma. Small round cells with little cytoplasm and dark
round condensed nuclei are often located near the base-
ment membrane or intermingled between the epithelium
cells. Groups of these cells can be also seen in the carun-
cular stroma. The myometrium is now clearly recogniz-
able (fig. 1K, L). The smooth muscle cells are in close con-
tact to each other and arranged in a circular manner
(fig. 1F). The tela subserosa is broader than in earlier stag-
es, consisting of loosely arranged stroma cells. A marked
longitudinal stratum musculare can be seen close to the
tunica muscularis. Many prominent vessels can be recog-
nized in the tela subserosa.

In uteri of fetuses with CRLs of 57.6 (fig. 1M), 58.7,
66.0 (fig. 1N, O), and 72.5 cm (fig. 1P, Q) the caruncles
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increase in number and size. The endometrial stroma has
expanded in width, showing an increase in vasculariza-
tion (mainly in the caruncular stroma tissue). Epithelium
buds are confined to the intercaruncular areas. The myo-
metrium appears clearly reduced in width compared to
earlier stages. Big vessels are localized in the myometrium
border between the circular to longitudinal muscle layer.
Furthermore, distinct vessels appear in the now very
dominant tela subserosa. At a CRL of 72.5 cm, big oval
cells with round nuclei can be identified between the
muscle cells. Numerous nerve fibers are observed in the
tela subserosa.

Large and well-differentiated caruncles are seen in the
fetal corpora uteri as well as in the cornua at a CRL of 90.0
and 94.0 cm. Generally, the caruncles are covered by a sim-
ple columnar epithelium with narrow nuclei. In basal and
apical areas, round cells with strongly stained nuclei are
often intermingled with the columnar epithelium cells.
The same cell type can also be seen increasingly in the area
under the basement membrane as well as in caruncles stro-
ma. The epithelium of the intercaruncular regions is also
(pseudo)stratified, but the number of epithelial buds has
strongly decreased. The number of small vessels in the
stroma (fig. 1R) near the basement membrane is increased
similarly to the bigger vessels in the remaining more loose-
ly arranged caruncular stroma. The myometrium is well
differentiated (fig. 1S) and with a varying orientation of the
smooth muscle cells (circular and longitudinal). The stra-
tum musculare longitudinal is well developed (fig. 1T). The
tela subserosa is smaller but contains numerous big vessels,
prominent nerve fibers as well as neurons.

Expression Pattern of Laminin in Prenatal Bovine

Uteri

No differences in the expression of laminin can be ob-
served between the corpora and the cornua in all investi-
gated stages. In general, the epithelium and stroma are
always negative for an antibody against laminin. In the
developing myometrium, laminin-positive staining is ob-
served. The basement membrane of the epithelium shows
a distinct staining for laminin in all investigated prenatal
uteri (both segments) in the caruncular as well as the in-
tercaruncular area. Furthermore, the basement mem-
brane of blood vessels is stained intensively laminin pos-
itive in all tissue layers during uterus development. In a
later stage (CRL 94.0 cm), single epithelium invagina-
tions into the stroma (only into the intercaruncular re-
gions) can be perceived with the help of the laminin-pos-
itive basement membrane.

Kenngott/Sinowatz
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Fig. 2. Expression pattern of keratin 7 (K7), keratin 8 (K8), kera-
tin 18 (K18), and keratin 19 (K19) proteins in the corpora and
cornua uteri of different development stages. A The epithelium
cells of the cornua uteri from a fetus with a CRL of 94.0 cm show
a strong expression for K7 in the apical region. In some cells the
whole cytoplasm is K7 positive. The nuclei are negative for the
antibody against K7. B The caruncular and intercaruncular epi-

Expression of Keratin 7 in Prenatal Bovine Uteri

The endometrial stroma cells, the smooth muscle cells,
as well as the subserosa/serosa cells are keratin 7 (K7) neg-
ative. In some cases dot-like K7-positive structures are
observed in apical regions of epithelial cells, but also K7-
negative cells are detected (CRL 9.2-24.4 cm, corpora and
cornua). Generally, from a CRL of 29.8 cm onwards, the
apical K7 staining as well as the number of K7-positive
cells increase (fig. 2A), and some cells show a K7 expres-
sion throughout the whole cytoplasm. In the cornua, the
same K7 expression pattern as in the corpora is observed
but with a reduced staining intensity. In fetuses with a
CRL of 94 cm, K7 expression intensity is identical in the
corpus and the cornua.

Expression Pattern of Keratin 8 in Prenatal Bovine

Uteri

Generally, endometrial and perimetrial stroma cells,
muscle cells, migrating cells as well as vessels are keratin
8 (K8) negative. The basal and apical regions of the epi-
thelium (with no differences in the cornua and the cor-
pora as well as intercaruncular and caruncular regions)
show a positive reaction with an antibody against K8. In
the cornua of fetuses with a CRL of 31.0 cm and the cor-
pora of fetuses with 44.8 cm onwards, the whole cyto-
plasm expresses K8 (sometimes with a more intensive
staining of the apical and basal region) (fig. 2B). The epi-
thelial cell nuclei are K8 negative. From a CRL of 57.6 to
94.0 cm the cytoplasm of caruncular epithelial cells is reg-
ularly K8 positive, whereas in the intercaruncular epithe-
lium cells the cytoplasm staining is weaker.

Fetal Development of the Bovine Uterus

thelia show a distinct staining for K8. Cornua uteri of a fetus with
a CRL of 44.8 cm. € The cytoplasm of the cornua uteri epithelium
from a fetus with a CRL of 31.0 cm shows a homogenous K18
expression. Note the positive vessels as well as the faint staining
in the myometrium. D Single positive K19 reactions in the apical
regions of the corpus uteri epithelium cells from a fetus with a
CRL 0f 90.0 cm.

Expression Pattern of Cytokeratin 18 in Prenatal

Bovine Uteri

No differences in the cytokeratin 18 (K18) expression
pattern can be observed between the corpora and the cor-
nua uteri during all investigated stages. In early stages
(from CRLs 9.2-15.8 cm) K18 staining is more pro-
nounced in the basal and apical cytoplasm, whereas from
a CRL of 24.4 cm onwards the cytoplasm of epithelial cells
is homogenously stained with an antibody against K18
(fig. 2C). Additionally, the K18 expression in the cyto-
plasm from a CRL of 24.4 cm onwards increases. Single
K18-positive cells can be observed in the undifferentiated
mesenchyme of fetuses with a CRL 0f9.2-11.4.cm. A very
faint K18 expression is observed from a CRL of 24.4 cm
onwards in the differentiated muscle cell layer. In con-
trast, no K18 reaction is observed within the stroma of
caruncular or intercaruncular regions from a CRL of 24.4
cm onwards. The endothelium of vessels expresses K18 in
the uterus of all prenatal stages. No K18 reaction can be
detected in the migrating cells.

Expression Pattern of Cytokeratin 19 in Prenatal

Bovine Uteri

The epithelium of corpora and cornua uteri of fetuses
with a CRL of 9.2 and 11.4 cm is completely negative for
cytokeratin 19 (K19). From 15.8 cm onwards, the apical
epithelial regions are distinctly positive; a weaker reaction
is detected in the middle to basal cytoplasm region. A
similar immunohistochemical staining pattern is then
found in the uteri of fetuses with a CRL of 31.0-66.0 cm.
From a CRL of 72.0 cm onwards the K19 expression is
again confined to the apical regions (fig. 2D) of the epi-
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thelium with occasionally distinct circumscribed positive
reactions in the cytoplasm. A K19-positive immunostain-
ing is recognizable in the serosa cells of the uterus from a
CRL of 31.0 cm onwards. All other cell populations are
K19 negative.

Expression Pattern of Vimentin in Prenatal Bovine

Uteri

With some exceptions, vimentin shows a similar ex-
pression pattern in all parts during the examined stages.
Briefly, the epithelium cells and the immigrated free cells
in the epithelium are negative for vimentin. Vimentin
staining in the undifferentiated mesenchymal cells (as
long as the tissue layers could not be precisely discerned)
is stronger than in the later developmental stages (fig. 3A,
B). The stroma directly beneath the epithelium (in carun-
cular and intercaruncular regions) is always stronger vi-
mentin-positive than the remaining endometrial stroma
(fig. 3C, D). In stages from a CRL of 9.4-66.0 cm the dif-
ferentiating smooth muscle cells show a distinct (CRL
9.4-44.8 cm) (fig. 2C) to weak (CRL 44.8-72.5 cm) vi-
mentin reaction, whereas in later stages (from a CRL of
72.5 cm onwards) the smooth muscle cells are vimentin
negative. Additionally, single vimentin-positive polygo-
nal cells can be observed between the smooth muscle cells
during later stages (CRL 44.8-94.0 cm) of development.
The smaller vessels express vimentin only weakly. In con-

Fig. 3. Expression patterns of vimentin (Vim), collagen I, $100, and
SMA proteins in the corpora and cornua uteri of different develop-
ment stages. A Undifferentiated mesenchymal cells surround the
epithelium of the cornua uteri from a fetus with a CRL of 15.8 cm
and show a distinct expression for the antibody against vimentin.
The epithelium is vimentin negative. B The stroma tissue of the
endometrium as well as of the differentiating myometrium is pos-
itive for the antibody against vimentin. The subserosa is mostly
negative. Cornua uteri of a fetus with a CRL 0f 29.8 cm. C, D In the
caruncles of corpora (C) and cornua (D) uteri the caruncular stro-
ma is distinctly positive in caruncular and intercaruncular regions.
Note the more densely arranged stroma cells directly under the
basal lamina of the epithelium. In the myometrium vimentin-pos-
itive as well as -negative cells can be observed. Fetus with a CRL of
29.8 cm (C) and 44.8 cm (D), respectively. E In earlier stages the
undifferentiated mesenchymal layer show no collagen I (ColI) ex-
pression. In contrast, in the developing perimetrium a collagen I
expression can be detected. Cornua of a fetus with a CRL of 29.8
cm. F The positive reaction for collagen I is stronger in the basal
stroma areas of the caruncles and in regions adjacent to the epithe-
lium than in the remaining endometrial stroma tissue. Corpus of
a fetuses with a CRL of 44.8 cm. G Punctual collagen I reaction in
the more apical cytoplasm of the epithelium of the cornua uteri
from a fetus with a CRL of 94.0 cm. H S100-positive vessels and
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trast, the bigger vessels show a distinct immunostaining
for vimentin in their tunica media. Vimentin-negative
and -positive cells can be detected in the subserosa cells.
In later stages some nuclei of the subserosa cells are also
positive for vimentin.

Expression Pattern of Collagen I in Prenatal Bovine

Uteri

Generally, no expression for collagen I can be ob-
served in the epithelium cells, the tunica muscularis, the
vessels endothelium as well as the nerve cells. In the
(pseudo)stratified epithelium of the intercaruncular ar-
eas in fetuses with CRLs of 90.0 and 94.0 cm, a punctual
collagen I-positive reaction can be depicted in the more
apical cytoplasmic areas (fig. 3G). No collagen I reaction
can be recognized in the undifferentiated mesenchymal
layers of earlier stages (fig. 3E). The stroma in the devel-
oping caruncles shows a collagen I staining in fetuses
with a CRL of 31.0 cm and larger. In the more prominent
caruncles of fetuses with a CRL of 44.8 cm onwards the
positive reaction for collagen I is stronger in the basal
areas of the caruncles compared to the regions adjacent
to the epithelium (fig. 3F). In differentiating tela subse-
rosa cells a weak collagen I expression is observed dur-
ing the earliest stages of fetal development. The collagen
I expression increases in subserosa cells from a CRL 29.8
cm onwards, both in the corpora and in the cornua.

nerve cells/fiber bundles in the developing corpus uteri subserosa
of a fetus with a CRL of 24.4 cm. | S100-positive cytoplasm and
nuclei in the epithelium cells of intercaruncular regions (and of
epithelium buds) from the corpus uteri of a fetus with a CRL of
58.7 cm. J Strong S100-positive vessels in the caruncles stroma tis-
sue (cornu uteri) of a fetus with a CRL of 66.0 cm. K, L S100-posi-
tive epithelium cytoplasm and nuclei in the intercaruncular re-
gions of the cornua uteri from a fetus with a CRL of 94.0 cm. Note
the tubular like invaginations into the underlying stroma tissue.
M The smooth muscle layer is strongly SMA positive in the cornua
uteri of a fetus with a CRL of 24.4 cm. N, O SMA-positive longitu-
dinal cells/fibers, protruding into the caruncles stroma in the cor-
pus uteri of a fetus with a CRL of 29.8 cm (N) and the corpus uteri
of a fetus with a CRL of 29.8 cm (0). P Big, polygonal SMA-nega-
tive cells between the myometrium smooth muscle cells in the cor-
nua uteri of a fetus with a CRL 0f 31.0 cm. Q Myometrium protrud-
ing into the caruncles stroma in the corpus uteri of a fetus with a
CRL of 44.8 cm. Antibody against SMA. R, S SMA-positive cells/
fibers, perpendicular to the myometrium in the cornua uteri of a
fetus with a CRL of 66.0 cm. Note the SMA-positive vessels. T En-
larged SMA-positive myometrium. Note the SMA-positive stra-
tum muscularis longitudinal in the corpus uteri of a fetus with a
CRL of 66.0 cm.

(For figure see next page.)
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Generally, the collagen I protein staining is more prom-
inent in collagen fibers of the tela subserosa, which are
flanking the tunica muscularis (in stages from a CRL of
29.8 cm onwards). The serosa cells of the stages from
CRLs 24.4-31.0 cm reacts with the collagen I antibody,
whereas no reaction is seen in the remaining developing
stages.

Fetal Development of the Bovine Uterus

Expression Pattern of S100 in Prenatal Bovine Uteri

Usually, the endothelium of all blood vessels shows a
strong reaction with a S100 antibody (fig. 3H, J). There
are distinctly positive vessels in the stroma of the carun-
cles [which run parallel to the longitudinally arranged
smooth-muscle marker (SMA)-positive smooth muscle
cells]. Also nerve cells as well as nerve fibers show a posi-
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tive immunostaining for S100. In the tunica muscularis,
single S100-positive nerve cells are seen between S100-
negative muscle cells in developing stages from a CRL of
44.8 cm onwards. The epithelial cells (until a CRL of 15.8
cm) are S100 positive in parts of the uterus. During later
stages, the S100 expression increases. Also some nuclei
are immunostained. The expression is first more pro-
nounced in several epithelium regions of the caruncles,
but in later stages (CRLs 90-94 cm) an increase of expres-
sion in the intercaruncular epithelium is also seen in
some areas (fig. 31, K, L).

Expression Pattern of SMA in Prenatal Bovine Uteri

The epithelium and the endometrial stroma cells show
no reaction with the antibody against SMA. A weak reac-
tion for SMA can be detected in the developing tunica
muscularis of corpora and cornua uteri from a CRL of
11.4 cm onwards. SMA-positive cells increase in number
and intensity during myometrium differentiation (con-
comitantly, the number of vimentin-positive cells de-
creases) (fig. 3M, N). Later in development, the nuclei and
the cytoplasm of most smooth muscle cells become SMA
positive, but also some polygonal SMA-negative cells can
be found (fig. 3P). From a CRL of 29.8 cm onwards, in-
tensively SMA-immunostained smooth muscle cells oc-
cur, which are perpendicularly arranged to circular SMA-
positive muscle cell layers (fig. 3N, O, R, S). These SMA-
positive cells are only recognizable in the stroma of
caruncles. The strands of cells/fibers are accompanied by
vessels with a SMA-positive tunica media running in the
same direction. In the caruncles the SMA-positive smooth
cells protrude into the endometrium (fig. 3Q). Addition-
ally, the stratum muscularis longitudinale of the myome-
trium shows a strong staining with an antibody against
SMA (fig. 3T). Some SMA-negative, large, polygonal cells
can be found in the tunica muscularis (similar in their
morphology to the vimentin-positive cells described
above) from a CRL of 72.5 cm onwards.

Discussion

The bovine uterus is a uterus bicornis and consists an-
atomically of 2 cornua uteri, corpus uteri, and cervix uteri
[Konig and Liebich, 2014]. The anatomy of the organ re-
sults from the fusion of the caudal parts of the Miillerian
ducts [Riisse and Sinowatz, 1998; Konig and Liebich,
2014]. Similarities as well as differences can be observed
in the expression pattern of intermediate filaments (kera-
tins and vimentin) and laminin in the Miillerian duct in
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comparison with the prenatal uterus. The basement
membrane beneath the uterus epithelium is strongly pos-
itive for laminin in all investigated stages. This is not sur-
prising as also the basement membrane of the Miillerian
duct is strongly positive for laminin [Paranko et al., 1985;
Kenngott and Sinowatz, 2008]. We already described the
distribution pattern of different intermediate filaments
during bovine Miillerian ducts development [Kenngott
and Sinowatz, 2008]. The expression pattern of the inter-
mediate filament in the early fetal uterus is somewhat dif-
ferent from that of the bovine Miillerian duct. No vimen-
tin expression was found in the uterus epithelium in all
investigated stages, whereas the epithelium of the bovine
Miillerian duct is immune-positive for vimentin, espe-
cially in its caudal parts [Kenngott and Sinowatz, 2008].
The epithelium of the Miillerian duct was mostly negative
for K8, K18, and K19 [Kenngott and Sinowatz, 2008].
However, the epithelial cells of the differentiating fetal
bovine uterus showed a varying expression of the inves-
tigated keratins (7, 8, 18, and 19). In line with Kenngott
and Sinowatz [2008] and Viebahn et al. [1987], we assume
that intermediate filaments can change their expression
patterns during the developing process. Therefore, their
use as markers for the origin of cells appears limited, but
they can be applied to identify characteristic differentia-
tion stages [Franke, 1982; reviewed in Viebahn et al.,
1987].

Konig and Liebich [2014] described 80-120 caruncles
in the endometrium of ruminants. Caruncles and cotyle-
dons join to placentoms, characteristic during ruminants’
placentation [Konig and Liebich, 2014]. No fully devel-
oped caruncles can be observed during early fetal stages
(corpora and cornua) of fetuses with a CRL 0f9.2-15.8 cm.
The epithelium is simple cuboidal to (pseudo)stratified
with bud-like epithelial protrusions, not stocked with mes-
enchymal stroma at this point. Wiley et al. [1987] found a
simple columnar epithelium with no signs of caruncles or
glandular formation in the uteri of fetal sheep of day 55-60.
The bovine caruncle formation begins at a CRL of 15.8 cm,
both in the corpus and the cornua of the fetal uterus. Wiley
etal. [1987] described nodular and internodular regions at
day 100 in sheep. Like the fetal bovine early caruncles
(‘bud-like protrusions’), these nodules are formed by epi-
thelial cells and the underlying mesenchyme. Yaumauchi
[1964] identified early caruncles in the bovine uterus of a
fetus with a CRL of 32-33 cm. Atkinson et al. [1984] de-
scribed nodules with apical tips converting to caruncles in
the developing bovine uterus. Additionally, they supposed
the nodular sides forming the later glandular-intercarun-
cular areas in concert with the internodular regions.

Kenngott/Sinowatz

129.187.254.47 24/2018 1:40:48 PM


http://dx.doi.org/10.1159%2F000443600

We conclude from the results of our investigation that
the development of caruncles in the bovine uterus occurs
in the following way: The epithelium initially builds epi-
thelium buds protruding into the lumen. They increase in
size and become supported by mesenchymal cells, and
these structures are the first signs of caruncula. The fetal
caruncles consist of a simple cuboidal to columnar kera-
tin-positive epithelium and a vimentin-/collagen I-posi-
tive mesenchymal component. In the intercaruncular re-
gions of the earlier developmental stages the epithelium
is (pseudo)stratified, and new epithelial buds are formed,
generating the basis for the development of additional ca-
runcles. Similar, Yaumauchi [1964] described a bulge of
mucosa tissue prior to the occurrence of caruncles in the
uteri epithelium of fetuses from a CRL of 18-28 cm. A
similar bud-like formation process is also depicted in the
developing mouse lung epithelium by Nogawa et al.
[1998]. They observed a proliferation rate in budding ar-
eas being more increased than in the regions between sin-
gle clefts. With ongoing aging of the bovine fetus, the ep-
ithelium buds of the intercaruncular regions decrease in
number.

Wiley et al. [1987] presumed lymphocytes in the epi-
thelium of the ovine fetal uterus of different development
stages. Additionally, Yaumauchi [1964] observed leuko-
cytes in the uterus wall of fetuses with a CRL of 33 cm
onwards. In the bovine, we also found round cells with a
dense round nucleus in the epithelium and in the endo-
metrial stroma of developing caruncles from a CRL of
15.8 cm onwards. Further studies using antibodies against
characteristic CD antigens are necessary to fully charac-
terize the different lymphocyte subtypes.

An interesting observation is the occurrence of tubular
epithelial invaginations in the intercaruncular regions
and basal areas of caruncles in fetuses with a CRL of 94.0
cm. We assume that this structure could be the anlagen
of uterine glands. The invaginations exhibit a strong lam-
inin-positive basement membrane. Atkinson et al. [1984]
found the first glandular structures at day 250 in the in-
ternodular regions. In cattle, the authors described that
epithelium cells of developing glands possess cytoplasmic
processes in their basal part, which are in close contact
with the denser packed stroma tissue. Atkinson et al.
[1984] assumed that the interaction between connective
tissue and glandular epithelium induce gland formation.
In our study, immunostaining of collagen I gave a strong
positive reaction in the intercaruncular areas and in the
basal sides of evolving caruncles. Subsequently, the mes-
enchymal cells beneath the epithelium (in both segments
as well as in the caruncular and intercaruncular regions)

Fetal Development of the Bovine Uterus

are stronger vimentin positive than the remaining endo-
metrial stroma. In line with Atkinson et al. [1984], we
found indication of uterine gland development during
later times of gestation. Therefore, we support the hy-
pothesis of previous studies [Anderson et al., 1975; Ba-
reither and Verhage, 1980, both reviewed in Atkinson et
al., 1984] that the beginning of the glandular develop-
ment in the uterus is correlated with a high level of ma-
ternal estrogen during late gestation [Atkinson et al.,
1984].

Wiley et al. [1987] reported that 2 mesenchymal zones
could be distinguished from days 55-60 by light micros-
copy. In the human fetal uterus, Konishi et al. [1984] de-
scribed 2 undifferentiated mesenchymal layers in the
14th gestation week, the outer layer with elongated mes-
enchymal cells and the inner layer with more rounded
cells. In prenatal bovine uteri, 2 different mesenchymal
layers can be distinguished due to the morphology and
orientation of the mesenchymal cells from a CRL of 15.8
cm onwards. In sheep, 3 layers have been discerned in the
inner mesenchymal layer from day 90-100 [Wiley et al.,
1987]; densely arranged stroma cells (with round nuclei)
are located adjacent to the epithelium, an intermediate
layer with loosely arranged cells containing elongated nu-
clei, and a third layer consisting of circularly orientated
cells with eosinophilic cytoplasm and elongated nuclei.
Wiley et al. [1987] further described an outer mesenchy-
mal area with loosely arranged cells containing also elon-
gated nuclei. In the bovine uterus similar areas are ob-
served. Furthermore, the endometrial stroma can be sub-
divided in a dense layer of irregular stroma cells beneath
the epithelium cells followed by a more loosely arranged
stroma with mesenchymal cells possessing round nuclei.
The circular orientated mesenchymal cells are distinctly
SMA positive from a CRL of 24.4 cm onwards and there-
fore can be regarded as differentiated smooth muscle
cells. The thickness as well as the SMA-staining intensity
of the circular zone increase from a CRL of 24.4 cm on-
wards. In the human fetal uterus Konishi et al. [1984] sup-
posed that smooth muscle cells originate from the undif-
ferentiated mesenchymal cells. Therefore, Konishi et al.
[1984] described the beginning of smooth muscle cell dif-
ferentiation at week 18 of gestation. The myometrium
could be exactly identified at the 31th gestation week in
the fetal human uterus [Konishi et al., 1984]. Like Konishi
etal. [1984] we also assume that the undifferentiated mes-
enchymal cells in the transitional zone between the endo-
metrium and myometrium are the first to develop into
differentiated SMA-positive smooth muscle cells. This is
supported by a concurrent decrease in vimentin-staining
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intensity of this cell population. Longitudinal cells with
increasing SMA-staining intensity are also seen in devel-
oping subserosa of the bovine uterus, possibly forming
the stratum muscularis longitudinale [Konig and Liebich,

2014].

language editing.

Interesting observations are the strong SMA-positive

(perpendicular to the circular muscle layers) fiber-like
structures in the more developed caruncula (from a CRL
of 24.4 cm onwards). They are in close arrangement to

SMA (endothelia, tunica media)-positive vessels. We as-

sume that the structures can be an enhancement feature

of the developing caruncula and found no similar de-

scription in the literature.
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