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Abstract

Purpose—Gubernaculum-cremaster complex (GCC) development is hormonally-regulated
and abnormal in a cryptorchid rat model. Using cell tracking techniques and imaging, we studied
myogenic phenotypes and fates in the fetal rat GCC.

Materials and methods—E17 (embryonic day 17) GCCs were labeled with CellTracker™
or DNA synthesis marker 5-ethynyl-2/-deoxyuridine (EdU), or immobilized in Matrigel™ and
grown in culture. E17-21 GCC sections and cells were imaged using widefield and deconvolution
immunofluorescence microscopy and muscle- and/or myofibroblast-specific antibodies.
Deconvolved image stacks were used to create a 3-dimensional (3D) model of E21 GCC muscle.

Results—Paired-box 7 (PAX7)+ and myogenin+ muscle precursors were visible in a desmin-
rich “myogenic zone” between muscle layers that elongated and became thicker during
development. GCC inner mesenchymal cells expressed desmin and alpha smooth muscle actin
(aSMA) at lower levels than in the myogenic zone. After pulse-labeling with CellTracker™ or
EdU, mesenchymal cells became incorporated into differentiated muscle. Conversely,
mesenchymal cells migrated beyond Matrigel™-immobilized GCCs, expressed PAX7 and fused to
form striated myotubes. Mesenchymal GCC cell lines proliferated >40 passages and exhibited
contractile behavior, but did not form striated muscle. Our 3D GCC model showed 2 orthogonal
ventral layers and an arcing inner layer of muscle.

Conclusions—Our data suggest that mesenchymal cells in the peripheral myogenic zone of
the fetal GCC contribute to formation of a distinctively-patterned cremaster muscle. Non-
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myogenic, desmin- and aSMA-positive GCC mesenchymal cells proliferate and exhibit a
myofibroblast-like phenotype in culture. Intrinsic mechanical properties of these divergent cell
types may facilitate perinatal inversion of the GCC.
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INTRODUCTION

The gubernaculum directs fetal testicular descent via swelling and migration.1-2 Failed
descent leads to cryptorchidism (undescended testis, UDT), a common anomaly in boys.3
The fetal cremaster develops at the periphery of the mesenchymal gubernacular cone in rats,
and the resultant gubernaculum-cremaster complex (GCC) inverts around the time of birth.
In humans, the cremaster develops both within and around the gubernacular mesenchyme,*
but the basic development of the GCC is similar among mammals.12

GCC development requires activation of the androgen receptor (AR) by androgens and of
the relaxin insulin-like family peptide receptor 2 (RXFP2) by insulin-like 3 (INSL3). In the
fetal rat, there is strong overlap in the transcriptional response of the GCC to these
hormones,? but their common and unique effects at the cellular level remain incompletely
defined. Both hormones are required for enlargement and patterning of the cremaster
muscle.%” Transgenic inactivation of Rx/p2leads to complete disorganization, lack of
swelling and absent muscle development, in contrast to Ar inactivation targeting
mesenchymal cells, which results in more subtle muscle defects. Similarly, Rx7p2 expression
in the GCC is diffuse at E14,8 but the RXFP2 protein becomes localized to the muscle layer
by E20.5.% Beta-catenin (CTNNB), Notch and Wilm’s tumor 1 (WT1) are also required for
myogenic differentiation of the GCC.5:10 Moreover, altered expression of muscle-specific
genes and focally defective muscle development occur in the fetal GCC of the congenitally
cryptorchid LE/orl rat.11.12

The origin of developing cremaster muscle fibers and the factor(s) triggering GCC inversion
remain incompletely understood and/or controversial.#13.14 We studied myogenic marker
expression in fetal tissues and used in vitro models to study development of GCC muscle.
Our data suggest that certain GCC mesenchymal cells are myogenic precursors that
differentiate into striated muscle and contribute to formation of a distinctively patterned
cremaster, while others adopt a myofibroblast-like phenotype that may contribute to
generation of tonic force within the GCC.

MATERIALS AND METHODS

Animals

Long Evans rats (Charles River Laboratories) aged 2-3 months were maintained at the
Nemours Biomedical Research facility (accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care International), and animal care and use was
approved by the Institutional Animal Care and Use Committee. Care was provided, timed
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pregnancies generated and euthanasia performed as described previously;12 the morning of
the day of sperm detection was designated embryonic day 0 (EO).

GCC harvest for imaging and organ culture

GCC pairs were removed as pelvic blocks at E17, 19, and 21, fixed in 4% paraformaldehyde
(PFA) in 1x phosphate buffered saline (PBS, pH 7.4), incubated in 28% sucrose at +4°C,
embedded in Tissue-Tek O.C.T. compound (VW R) and stored at —70°C as described
previously.12 For organ culture, individual E17 GCCs were placed into 6-well tissue culture
dishes coated with poly-L lysine (PLL) 0.01% (70-150 kDa, Sigma) and mouse laminin
8ug/ml (EMD Millipore), and immobilized in Matrigel™ Membrane Matrix 8.5mg/ml
(Corning) with warming at 37°C for 10 minutes. We maintained organ cultures in growth
medium (Dulbecco’s Modified Eagle Medium/Nutrient Mixture F-12 (DMEM/F12), 10%
fetal calf serum (FCS) and penicillin-streptomycin (pen-strep); all from ThermoFisher
Scientific) in a humidified incubator at 37°C with 5% CO,. We incubated intact E17 GCCs
with CellTracker™ green 5-chloromethylfluorescein diacetate dye (10uM for 5, 10 or
20min) or Click-iT® EdU (5-ethynyl-2’-deoxyuridine for 10min, both from ThermoFisher
Scientific) to label peripheral mesenchymal and replicating cells, respectively. GCC blocks
were washed 4 times with DMEM/F12, and fixed in 4% PFA/PBS immediately on ice
(controls) or placed in culture on Millicell® inserts (EMD Millipore) in 6-well plates with
DMEM/F12, 10% FCS and pen-strep for 24h. All tissues were fixed for 45min on ice in 4%
PFA/PBS, incubated in 0.1% Triton X100 (Sigma) in PBS on ice, gently washed twice with
PBS and stored at +4°C in PBS containing 0.05% sodium azide until emb edding.
Experiments were repeated at least 3 times with samples from different litters.

GCC cell lines

E17 GCCs were incubated overnight with 5mg/ml collagenase (Worthington) in Hanks’
Balanced Salt Solution (HBSS, pH6.7-7.8, Gibco) supplemented with 3mM CacCl; at 4°C.
The organs were triturated and cells plated onto collagen I-coated T25 flasks (Corning) in
selective medium (Medium A) adapted from conditional cell immortalization studies, 1% and
consisting of DMEM/F12, pen-strep, 18% FCS, rat epidermal growth factor, 10ng/ml (EGF;
Peprotech), rat basic fibroblast growth factor, 1ng/ml (bFGF; Peprotech), bovine insulin,
5ug/ml (Gemini), dexamethasone, 0.4ug/ml (Sigma), cholera toxin, 8.4ng/ml (EMD
Millipore), 2-mercaptoethanol, 10uM (Sigma) and the rho kinase inhibitor Y27632, 10nM
(Tocris). Cells were maintained in a humidified incubator at 37°C with 5% CO2 and follow
ing initial growth, frozen in cell freezing medium (ScienCell CFM) and stored in liquid
nitrogen. Cells were passaged using trypsin 0.25%/EDTA (ThermoFisher Scientific), stained
with trypan blue (Sigma) to determine viability, counted using a hemocytometer, and plated
at defined densities on collagen I-coated tissue culture plates for further passaging and
growth analysis. For isolation of primary cells we used Medium B: DMEM/F12, EGF, bFGF
and dexamethasone at the same concentrations noted above.

In vitro GCC cellular phenotype

We seeded GCC cells (passage =5; 5X1074 cells per well) on collagen I-coated plates in
Medium A to study myogenic differentiation in vitro. After growth of cells to approximately
90% confluence, the medium was replaced with Medium A without Y27632. After 72h
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without Y27632, low serum medium was added (DMEM/F12, pen-strep, ITS (insulin/
transferrin/selenium) and 2% FCS) and cells grown for an additional 5-7 days with phase-
contrast documentation of cell morphology daily and medium changes every other day.

Immunofluorescent (IF) imaging of GCC sections and cell cultures

We used IF to localize muscle differentiation markers myogenin and myosin heavy chain
(MyHC); desmin, a myoid marker that is expressed early in myogenic differentiation, in
differentiated muscle, and in some myofibroblast cell subtypes;16-17 smooth muscle alpha
actin (aSMA), expressed during development of fetal striated musclel8 and in
myofibroblasts;1° and paired-box 7 (PAX7) and integrin alpha 7 (ITGA7), markers more
highly expressed in fetal as compared to embryonic myoblasts.20-2! Details of the primary
antibodies used are shown in Table 1. Sections (10um) were obtained using a Leica CM3050
cryostat, and collected on SuperFrost Plus slides (Fisher). Slides were treated with 0.1%
Triton X100 in PBS, incubated in 3% bovine serum albumin (BSA)/PBS solution for 1h at
room temperature and then overnight at +4°C with primary antibodies in PBS. After
washing 3 times with PBS, slides were incubated with Alexa Fluor secondary antibodies
(ThermoFisher Scientific) in PBS for 1h, counterstained with 4’,6-diamidino-2-phenylindole
(DAPI) and mounted in IF medium (Dako). We also imaged passage 1 (P1) cells plated at
low density (5x10%) in Medium B and grown for 24h, then fixed and processed as described
above. Negative control sections for each experiment were stained with secondary antibody
only.

Computer modeling of GCC muscle

E21 GCCs were immunostained with anti-myosin heavy chain antibody (MyHC, all
isoforms; A4.1025, Developmental Studies Hybridoma Bank) after optical clearing using the
benzyl alcohol/benzyl benzoate (BABB) protocol as described previously.}2 We created
image sets, overlapping as needed, to include the entire organ to its point of attachment at
the abdominal wall. Z-stack sagittal images were acquired and deconvolved using
AutoQuant® software (Media Cybernetics). We used a longitudinal muscle gap to orient
samples based on our observation that it consistently faces the midline. Selected
deconvolved image stacks were modeled to show muscle fiber patterns in a three
dimensional (3D) reconstruction using ScanIP® (Simpleware Ltd).

RESULTS

Myogenesis proceeds from proximal to distal and superficial to deep within the GCC

As expected, desmin-specific IF of E17-E21 sections showed bright labeling of
differentiated skeletal muscle (Figure 1). In the E17 GCC, we observed a thin outer layer
and a developing inner layer extending from the abdominal wall to the midportion of the
organ, a lack of muscle at the distal tip. At later time points, the 2 layers became
progressively thicker and more apposed (Figure 1C-D). In addition, mesenchymal cells
throughout the GCC expressed desmin, with staining more intense between the 2 muscle
layers, at the distal tip, and within mesothelial cells that cover the GCC. The desmin-rich
region between muscle layers suggests enrichment of potential myogenic precursors.

J Urol. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Robbins et al.

Page 5

GCC mesenchymal cells proliferate, express PAX7 and myogenin, and are incorporated
into developing muscle

Strong immunoreactivity for myogenin and PAX7 was present within muscle nuclei, as
expected, but also present in a subset of non-muscle cells in the myogenic zone between
muscle layers at E17-19 (Figures 2A-B and 4A-B). Like desmin, aSMA is expressed at
high levels in fetal muscle,!® but is also present in adjacent, non-skeletal muscle cells and
within the central core of the GCC (Figure 2). Using platelet endothelial cell adhesion
molecule (PECAM/CD31) IF to define vascular endothelial cells, we confirmed that non-
vascular, mesenchymal cells also express aSMA, but at lower levels than in the
differentiated muscle (Figure 3). Centrally-located mesenchymal cells also expressed desmin
at lower levels than present in the peripheral myogenic zone (Figures 1 and 4).

In experiments designed to track the fate of peripheral mesenchymal (mesothelial) cells in
E17 organ cultures, we used CellTracker™ dye, which diffuses into cells but is not
transferred across cell membranes, and Click-iT® EdU, which is incorporated into DNA of
replicating cells. In preliminary experiments designed to limit CellTracker™ labeling to
mesothelial cells, we found that exposure of GCCs for =10min allowed the dye to penetrate
into the existing muscle layer, but a shorter exposure time (5min) pulse labeled only
mesothelial cells in control samples (Figure 5A) and was used in subsequent experiments.
After 24h of culture, we found that CellTracker™-labelled cells or their progeny formed
multiple superficial layers, had penetrated deep to the muscle layer, and overlapped with
MyHC staining within the muscle (Figure 5B). These data suggest that GCC mesothelial
cells proliferate, and via incorporation and/or migration, contribute to developing layers of
muscle. CellTracker™ dye can passively enter existing myotubes, so we also labeled E17
GCCs by brief exposure to EdU to define the fate of proliferating (non-muscle) cells. EdU
was successfully incorporated into mesenchymal cell nuclei within the myogenic zone after
pulse labeling (Supplementary Figure 1A). After 24h, proliferating cells were visible
throughout the GCC and occasional labeled nuclei were present within differentiated
myotubes (Supplementary Figure 1B), suggesting that some GCC mesenchymal cells are
myogenic precursors and contribute to cellular accretion in the developing cremaster.

GCC myogenic precursors migrate and differentiate into striated muscle in organ culture

During culture of whole GCCs immobilized in Matrigel™, we observed progressive,
outward migration of cells away from the mesothelial and cut surfaces of the organ over 3-5
days (Figure 6A). Migrating cells exhibited an unusual, anastomosing architecture
comprising elongated spindle cells (Figure 6B). We observed general desmin and aSMA
expression, and myogenin and PAX7 expression in some migrating cells (Figure 6C-D). All
cells expressed ITGA7, and some cells fused to form multinucleated, striated, MyHC-
positive myotubes (Figure 6E). These data suggest that GCC mesenchymal cells can
undergo myogenic differentiation under favorable conditions.

GCC cell lines adopt a myofibroblast-like phenotype

We used the Rho kinase inhibitor Y27632 to generate “conditionally immortalized” GCC
cell lines that showed continuous proliferation without loss of viability after >40 passages.
Cells grown on collagen-coated plates in Medium A exhibited 2 distinct morphologies:
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spindle-like cells with elongated processes and low cytoplasmic volumes and flattened cells
(Supplementary Figure 2A). Without Y27632, these primary cells became senescent after 4—
5 passages. IF imaging of early (0-3) passage cells using a range of muscle markers
(Supplementary Figure 2B-D) showed expression of desmin, ITGA7, and myogenin, but
PAX7, aSMA, and MyHC were absent, suggesting that all were potentially myogenic but
not fully differentiated. However, when we attempted to stimulate myogenesis in
subconfluent cultures by removing growth factors and switching to low serum medium, we
did not observe significant MyHC expression or myotube formation. Instead, we observed
alignment of cells, gradual formation of cleared areas (Figure 7A) and formation of 3D
cellular ridges (Figure 7B), most likely due to localized cellular contraction. We also noted
that mechanical disturbance of the monolayer with a Pasteur pipet produced rapid release of
cells from the plate, behavior suggestive of mechanical tension within the cell layer, which is
characteristic of myofibroblasts.

Distinctive muscle patterning of the rat GCC

We generated a 3D GCC model based on MyHC staining of optically cleared E21 samples.
In this model, the deeper cremaster muscle layer is continuous and arcs inferomedially, and
a ventral, transverse superficial layer creates an orthogonal pattern (Supplementary Figure
3). Both layers were discontinuous medially and at the distal GCC tip, forming a cylindrical
structure that was reminiscent of the “strip-like” architecture present in large mammals.!

DISCUSSION

Myogenesis appears to be an important component of GCC development, suggesting that
muscle-generated mechanical force is required for gubernacular function.2 However, the
means by which internal or external forces trigger GCC migration/inversion are not clear. In
animal models of UDT, including deleted Ar, Wt1, Insl3, RxfpZ, Ctnnb, and Notchl
transgenic mice, fetal cremaster muscle development is absent, impaired, or
disorganized.5:/:10.14 The cremaster is more prominent in rodents, but imaging studies show
embedded cremaster muscle bundles within human fetal gubernaculum.* Hutson and
colleagues have focused primarily on the properties of the GCC that promote its elongation
once inversion is complete.? They reported that cremaster differentiation continues after
birth, and contributes to final descent of the testis via direct or indirect AR signaling, and to
spontaneous contraction of the postnatal GCC.2 We observed that prenatal muscle
development is abnormal in the GCC of the cryptorchid LE/orl rat, and although inversion
occurs, the GCC is subsequently diverted into the superficial inguinal pouch postnatally.12
We were, thus, motivated to perform additional prenatal studies to define the cellular
properties of the rat GCC that set the stage for normal inversion.

Our data suggest that fetal GCC mesenchymal cells differentiate into muscle within a
desmin-enriched myogenic zone, a region also evident in prior imaging studies?2 and
enriched for expression of proteins encoded by candidate genes for cryptorchidism
susceptibility in the LE/orl rat.23 We observed strong nuclear expression of PAX7 and/or
myogenin in scattered mesenchymal cells between muscle layers. EdU labeling showed that
proliferation is robust in the myogenic zone, and many EdU+ cells also express PAX7, as
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shown previously in studies of striated muscle myogenesis.2* CellTracker ™+ mesothelial
cells and EdU+ non-muscle cells became incorporated into cremaster muscle of cultured
GCCs. GCC mesothelial cells are prominent,2° and express WT1 in the E13.5 mousel? and
E17 rat (Barthold et al, unpublished). Notably, cell fate mapping of WT1-expressing or
lipophilic dye-labeled mesothelial cells show similar internal migration2® and contribute to
vascular smooth muscle and mesenchyme, including myofibroblasts, within lung and
abdominal organs.26:27

In complementary cell fate experiments, we cultured untreated GCCs on Matrigel™ and
observed progressive outward migration of mesenchymal cells, with a subset expressing
PAXT7 and/or myogenin, and multinucleated myotube formation. Since differentiated muscle
fibers are non-migratory, these data also suggest that GCC mesenchymal cells can undergo
myogenic differentiation. In contrast, when generating GCC cell lines, we found that once
dissociated, these cells do not show commitment to myogenesis, as they do not express
PAX7 or undergo myogenic differentiation in vitro. This may suggest a requirement for
paracrine signaling from existing muscle to promote survival of PAX7+ progenitors.20

Despite evidence that GCC mesenchymal cells are able to form muscle, many do not,
although they may express myoid markers such as desmin, myogenin, ITGA7 and aSMA.
Interestingly, Barteczko also identified aSMA-expressing mesenchyme in sections of human
fetal gubernaculum® and interpreted this finding as evidence for smooth muscle, although
other cells, such as myofibroblasts, express this protein. Myofibroblasts produce
extracellular matrix (ECM), a major feature of GCC swelling in larger mammals, and may
express myogenic markers, such as desmin and myogenin.1® In developing our GCC cell
lines, we likely selected for cells exhibiting morphology and contractile behavior remarkably
similar to cell lines originating from similar tissues, including so-called “fibroblast and
smooth muscle cells” (FSMCs) and pericytes (myogenic or myofibroblastic cells), derived
from mesothelial and differentiated muscle tissues, respectively.28:29 Similarly, prostate
stromal cells and peritubular myoid cells are aSMA+, express AR, and exhibit contractile
behavior in culture.3% While our culture conditions may not fully recapitulate conditions in
vivo, they support the possibility that GCC mesenchymal cells can function as
myofibroblasts.

Using 3D imaging of E21 GCCs after myosin immunostaining and tissue clearing, we
confirmed an unusual arcing pattern of cremaster fiber development that creates a spiral-like
organization, differs significantly from the established model of a simple, sac-like rodent
GCcCl and confirms prior published data showing that muscle is absent at the tip of the
organ.212 The medial discontinuity of muscle suggests greater similarity to the “strip-like”
cremaster of larger mammals, as noted previously.?2 We found transverse muscle defects in
LE/orl rat GCCs,12 suggesting that focal defects within this shawl-like muscle may
predispose to GCC malfunction and UDT. The importance of muscle contraction in prenatal
migration of the mammalian gubernaculum remains controversial.* However, our data
suggesting that mesenchymal cells with the ability to generate tonic contractile forces exist
within the GCC raises the possibility that they may contribute to the downward force
necessary for inversion and testicular descent.
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In summary, these data provide further insight into muscle development within the rat GCC
and suggest that local mesenchymal precursors contribute to formation of a highly patterned
cremaster muscle during late gestation. Expression of aSMA and desmin in mesenchymal
cells of the GCC, and propagation of GCC-derived cells that exhibit a contractile phenotype,
suggest that myofibroblast differentiation also occurs in the GCC and may contribute to its
motility. The phenomena that we observed in our in vitro models occurred without androgen
supplementation of serum-containing medium, so further studies will be required to address
the role of AR in muscle and myofibroblast differentiation. In future work, we will also use
these developmental models to study the functional effects of UDT genetic susceptibility
alleles on cell type-specific differentiation of the fetal GCC, using the cryptorchid LE/orl rat
strain. With improved understanding of the topology and regulation of GCC muscle and
myofibroblast development, we will be able to generate hypotheses that address how these
cell types contribute to the mechanical properties of the GCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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GCC gubernaculum-cremaster complex
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aSMA smooth muscle alpha actin
PAX7 paired box 7

ITGA7 integrin alpha 7
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Desmin

Figure 1.
Immunostaining of E17 (embryonic day 17; A, B); E19 (C) and E21 (D) rat gubernaculum-

cremaster complex (GCC) sections for desmin (green); the distal GCC is on the left and the
more proximal GCC on the right side of each frame. Differentiated muscle layers stain
brightly for desmin in each image. A. A single, thin peripheral muscle layer is visible at E17
with an opening present at the GCC tip (left); desmin expression is much lower in the central
mesenchymal core, but enriched at the tip. B. A more proximal image from the same section
shows a second, inner muscle layer developing in the proximal half of the GCC, and
enrichment of desmin-positive mesenchymal cells between the muscle layers, an apparent
“myogenic zone”, indicated by the white bracket. C. Thickening of both muscle layers is
visible at E19. D. Further development by E21 has obliterated the space between muscle
layers in this view (top). A,B: scale bar=200 um; C,D: scale bar=400 pm.
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Myogenin

aSMA

Figure 2.
Immunostaining of E17 (A), E19 (B) and E21 (C) GCC sections for alpha smooth muscle

actin (aSMA; red) and myogenin (green); the distal GCC is on the right and the more
proximal GCC on the left side of each frame. Differentiated muscle layers stain brightly for
aSMA in each image, and DAPI counterstaining in the merged image shows the position of
the inner mesenchyme relative to muscle layers. A. At E17, cells with nuclear myogenin
staining are primarily within, but occasionally between, the differentiated muscle layers. B.
At E19, additional myogenin-positive cells are visible between the developing muscle layers
(right) that define the “myogenic zone”. Scale bar=200 um. Sections are adjacent to those
shown in Figure 4.
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Figure 3.
Immunostaining of E19 GCC sections for (A) alpha smooth muscle actin (a¢SMA,; red) and

(B) platelet endothelial cell adhesion molecule (PECAM/CD31; green) shows strong
expression of aSMA within differentiated muscle (left upper corner of image), and fainter
mesenchymal expression within the GCC core (right lower corner of image). Coexpression
of aSMA and PECAM in blood vessels appears yellow in merged image. A PECAM-
negative region within the core is magnified and enhanced (inset) for better visualization of
mesenchymal aSMA. Scale bar=100 um.
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Figure 4.
Immunostaining of E17 (A), E19 (B), and E21 (C) GCC sections for desmin (green) and

paired box 7 (PAX7, red); the distal GCC is on the right and the more proximal GCC on the
left side of each frame. Differentiated muscle layers stain brightly for desmin in each image,
and DAPI counterstaining in the merged image shows the position of the inner mesenchyme
relative to muscle layers. A. At E17, cells with nuclear PAX7 staining are primarily within,
but occasionally between, the differentiated muscle layers. B. At E19, additional PAX7-
positive cells are visible between the developing muscle layers (right) that define the
“myogenic zone”. Scale bar=200 pm. Sections are adjacent to those shown in Figure 2.

J Urol. Author manuscript; available in PMC 2017 July 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Robbins et al.

Page 15

CT+Myosin

Figure 5.
A. CellTracker™ fluorescent staining (green) of the mesothelial layer after 5-minute

exposure of the E17 GCC followed by immediate fixation (Ohr). This section shows uptake
of the dye by mesothelial cells outside the peripheral muscle layer, which is delineated by
myosin heavy chain (MyHC) immunostaining (red). B. Evidence for incorporation of
labeled mesothelial cells (green; arrows) within deeper muscle and mesenchymal regions of
the GCC after 5-minute CellTracker™ exposure followed by organ culture for 24h. Scale
bar=100 pm.

J Urol. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Robbins et al.

Figure 6.
A. Low- and B. High-power phase contrast images of cultured (3 days) intact E17 GCC

grown on poly-L lysine/laminin coated plates and immobilized within Matrigel™.
Progressive, peripheral migration of cells was observed throughout the culture period from
all borders of the GCC. Higher power image outside the GCC shows an anastomosing
cellular architecture. C—E Cells migrating in Matrigel™ were imaged after fixation in situ
followed by immunostaining for myogenic markers. C. Ubiquitous expression of smooth
muscle alpha actin (aSMA; green) in migrating cells; occasional cells show nuclear
localization of myogenin (red). D. All migrating cells express desmin (green); a subset also
shows nuclear localization of the myogenic commitment marker paired box 7 (PAX7, red).
E. All migrating cells express integrin alpha 7 (ITGA, green) and differentiated muscle is
visualized by myosin heavy chain (MyHC, red) expression, showing that some migrating
cells form striated myotubes. C-E: scale bar=200 pm.
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Figure 7.
Phase contrast images of passaged (P4 or P6) GCC cells grown to confluence on collagen-I

coated plates and visualized after transfer to low serum (2%) medium (20X). A. Early
appearance of cleared areas created by contraction of the cellular monolayer beginning at
day 4 in low serum medium. B. More generalized contraction of the cellular monolayer
creates elongated, 3D cellular ridges after an additional 5 days of observation together with
media changes.
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