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Introduction: The Sonic Hedgehog/Glil signal is involved in smooth muscle activity. An
experiment showed that the double-pigtail stent caused ureteral inflammation and decreased
Glil expression in smooth muscle cells. The innovative pigtail-suture stent (JFil® or
MiniJFil®) with a thin 0.3F suture thread significantly decreased stent-related symptoms.
Fortuitously, a dilation of the ureter containing the sutures was discovered, and a previous
study confirmed that the sutures caused less ureteral inflammation than the double-pigtail
stent. However, the mechanisms involved in the ureteral dilation are still unknown. In this
study, we assessed ureteral Glil expression in the human ureter when it was un-stunted or
when fitted with a double-pigtail stent or a suture thread.

Material and Methods: After consent and inclusion of patients in the protocol, nine
segments of ureters were collected during cystectomy procedures for bladder cancers.
There was no selection or exclusion, and patients with large tumors were included. Glil
expression was assessed on the histological section to control the reflection of an active
hedgehog signal. The expression of Glil in smooth muscle cells of the stented ureter was
subjectively compared to un-stented ureter.

Results: A decrease in the intensity of Glil expression of smooth muscle cells was observed
in all cases of ureter fitted with a double-pigtail stent. For the un-stunted ureters and the
ureters fitted with the thin 0.3F suture thread, Glil staining of smooth muscle cells was
heterogeneous, and the small number of cases did not allow us to conclude.

Conclusion: Apart from the cases of ureters fitted with the double-pigtail stent, Glil expression
of smooth muscle was heterogeneous. The Shh/Glil pathway may not be involved in ureteral
dilation by the thread. A broader exploration of molecular mechanisms could make it possible to
obtain the mechanisms involved in the dilation of the ureter by the thread.
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Introduction

Double-pigtail stents are frequently implanted in the ureter in urological practice.
There are few studies on the interactions between the ureteral stent and the ureter,
especially the human one.

In a preliminary study, we assessed ureteral inflammation in the human ureter
when it was healthy or when fitted with a double-pigtail stent or a thread.' The study
confirmed that a marked ureteral inflammatory reaction was observed in all cases of
ureter fitted with a double-pigtail stent and that the thin 0.3F suture thread caused less
ureteral inflammation.
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Other studies showed that a marked ureteral inflamma-
tory reaction was also observed with a double-pigtail stent
in the ureter of pigs.*”

The pigtail-suture stent (JFil® or MiniJFil®) was devel-
oped as a means of decreasing urinary symptoms.*’
Fortuitously, we discovered that the sutures had surprising
properties, and a clear dilation of the ureter without
inflammation was observed around the suture.* However,
the mechanisms involved in the ureteral dilation are still
unknown. The pelvic pressure does not appear to be cru-
cial because there were no significant differences in pelvic
or ureteral pressure between suture and double-pigtail
stented systems in pigs.” This suggests that other mechan-
isms may lead to ureteral dilation.

Natalin et al suggested that ureteral stents disrupt uret-
eral peristalsis and produce hydronephrosis with a dilation
of the ureter in pigs. Reduction of ureteric peristalsis
persisted during stenting, reflecting maintained ureteric
inflammation due to stent presence.®

Another study focused on the understanding of the
effects of double-pigtail stent on ureteral physiology and
its function in pigs.” The authors decided to investigate
ureteral inflammation and expression of Sonic Hedgehog
(Shh) and Glil in mediating ureteral stent-induced aperis-
talsis. Shh is a protein within the Hedgehog family of
growth factors. Glil is the primary target of Hedgehog
pathway activation and serves as a reliable indicator of
Hedgehog signaling.’

The authors were interested in Shh signaling because
inactivating Shh in the mouse fetus resulted in hydroureter
and overall aperistalsis.® Moreover, Shh signaling was
important in regulating injury repair and wound healing
after tissue damage.’

In their works, a loss of Glil expression in smooth
muscle cells, with a concomitant increase in ureteral
inflammation, was observed in animals fitted with double-
pigtail stent. The authors concluded that the study is the
first to show that indwelling stents negatively affect uret-
eral smooth muscle activity and identify a role for the
specific molecular mechanisms involved.”

In the present study, the objective was to estimate Glil
expression in the human ureter when it was un-stunted or
when fitted with a double-pigtail stent or a thread.

Materials and Methods

The study design has been approved by French Ethical
Committee (2017.09.02 bis). From September 2017 to
December 2018 in a single institution, nine patients about

to have a cystectomy with ileal conduit urinary diversion
agreed to be included in the protocol and signed an informed
consent form. There was no selection or exclusion, and all
patients were included, even those with large tumors.

If gathering a human ureteral segment fitted with
a double-pigtail stent is feasible, it is exceptionally
rare for a ureter with a thin thread. In urological prac-
tice, cystectomy with removal of a part of the ureter is
the only pathology to obtain a ureteral segment fitted
with a thread. The analysis of the ureters fitted with
a thread can be altered by the presence of a pelvic
tumor. To avoid a bias, the comparison with un-stented
or stented ureters was made with patients who also had
a pelvic tumor.

The MiniJFil® stent was previously described in other
studies.*'? In the procedure, two 0.3 F sutures were used
to extend a simple renal loop, and the ureter was fitted
exclusively with the threads. Patients requiring no ureteral
drainage served as un-stented ureter controls. Patients
requiring ureteral drainage for obstructive ureteral orifice
were fitted with a 7 F double-pigtail stent. Patients without
ureteral obstruction but requiring cystoscopic control
before cystectomy were fitted with a MiniJFil® with the
aim of facilitating the suture of the dilated ureter in the
ileal conduit urinary diversion.

Nine segments of ureters were gathered during
cystectomy. The collection of ureters was prospective,
but the choice of Glil was guided by the study of
Janssen et al. The authors studied the relation between
ureteral peristalsis and Glil. Since Glil was involved in
the contractions of smooth muscles, it seemed interest-
ing to test Glil in human in ureters fitted with different
stent shapes.

Ureters were fixed in 4% formalin, embedded in paraffin,
serially cut, and stained with hematoxylin—cosin. Nine seg-
ments were stained with Glil. Immunohistochemical stain-
ing was conducted by Ventana Autostainer model Discover
XT (Ventana Medical System, Tuscan, AZ) using Glil poly-
clonal antirabbit antibody (1/200) (Abcam ab151796) with
detection by standard secondary biotin-labeled anti-rabbit
IgG/avidin-peroxidase/3,3'-diaminobenzidine (DAB) stain-
ing. All histologic analyses were performed by an experi-
enced pathologist.

The expression of Glil in smooth muscle cells of the
stented ureter was subjectively compared to un-stented
ureter, and ureteral segments were too few to be statisti-

cally considered.
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Figure | Histological appearance with Glil staining (Original magnification x3). (A) Un-stented control ureter. (B) Ureter with 0.3 F suture thread. (C) Ureter with the

double-pigtail stent.

Results
Nine patients had bladder cancer (6 patients) and bladder
sarcoma (3 patients).

Three patients had no ureteral obstruction and did not
require drainage with a stent. They were evaluated as
a control group. In three patients, an obstruction was located
in the ureteral orifice, and these patients were fitted with an
indwelling 7F double-pigtail stent 1 to 2 months before
cystectomy. Three patients were fitted with the MiniJFil®
during control cystoscopy two weeks before cystectomy.

All ureteral segments of ureters were iliac and were
gathered during cystectomy. No tumor was observed on
these ureteral segments.

Of the three un-stented control segments, Glil staining
of smooth muscle cells was truly perceptible in two cases
(Figures 1A and 2A).

In the ureter fitted with the thin 0.3F suture thread, Glil
staining of smooth muscle cells was truly preserved in one
case (Figures 1B and 2B) but seemed to have decreased in
the other cases compared to the most stained control.

For the un-stunted ureters and the ureters fitted with the
thin 0.3F suture thread, the small number of cases did not
allow us to conclude. However, a decrease in the intensity
of Glil staining of smooth muscle cells was observed in all
cases of ureter fitted
(Figures 1C and 2C).

with a double-pigtail stent

Figure 2 Histological appearance with Glil staining (Original magnification x7). (A) Un-stented control ureter. (B) Ureter with 0.3 F suture thread. (C) Ureter with the
double-pigtail stent showing a decrease in the intensity of Glil expression of smooth muscle cells. Arrow (a) shows marked ureteral inflammation reaction and pronounced
submucosal edema, and arrow (b) shows weak positive Glil staining in stented ureter compared to un-stunted ureter.
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Discussion

In the control, only two cases showed truly perceptible
Glil expression of smooth muscle cells. Apart from the
cases of ureters fitted with the double-pigtail stent, the
results seem heterogeneous. However, the small number
of patients, the heterogeneity of bladder diseases, and
edematous infiltration due to the tumor mass burden may
explain the variations observed. Janssen et al already
pointed out that Glil expression of smooth muscle cells
was sometimes similar between stented and contralateral
un-stented sides or different between un-stented controls
and the contralateral un-stented sides of stented animals.
The authors suggested some level of cross talk between
the two sides that requires further investigation.’”

Moreover, Shh/Glil pathway has been implicated in
the tumorigenesis of a large number of human tumors.
But the role of Shh signaling in bladder cancer remains
controversial.!! Indeed, Sverrisson et al indicated that Glil
expression may be a marker of low-stage and low-grade
bladder tumors.'? On the contrary, He et al found that the
positive expression of Glil was correlated with pathologi-
cal stage, venous invasion and lymph node metastasis. In
addition, the authors confirmed that the expression of Glil
was seen in normal tissues around the bladder cancer but
was greater in bladder cancer tissues."'

Janssen et al found that 6F double-pigtail stent induced
severe ureteral dilation with scuffed epithelium in pigs that
increased with indwelling time.” In the present study in
humans, no major dilation was observed. The gross ure-
teric circumferential measurements reached 4.6 mm with
a 6F double-pigtail stent in pigs.® The native diameter of
the ureter of the pig may be much lower than that of man,
thus making the dilation more moderate in man and pro-
ducing excessive ureteral overstretching in the pig.

In previous studies, it turned out that the double-pigtail

in all cases.'”

stent induced ureteral inflammation
Decreased Glil expression in stented ureteral smooth mus-
cle cells was observed in all cases in the present study and
in the study of Janssen et al.” Thus, it appears that ureteral
inflammation and the decrease in Glil were associated.
Janssen et al suggested that the decrease in Glil expres-
sion of smooth muscle was unexpected, just as in the case
of tissue damage, and Shh/Glil signaling should mediate
tissue repair.” Conversely, Shh signaling was induced dur-
ing renal fibrosis in a mouse model of obstructive nephro-
pathy, and inhibition of Glil expression mitigated renal

fibrotic lesions.” Consequently, the Shh/Glil signal is

a complex process, and as Janssen et al suggested, improv-
ing our understanding of specific molecular mechanisms
leading to stent-associated ureteral dysfunction may iden-
tify targets for future therapeutic agents. Thereby, the
functionality of the stented ureter may be improved, stent-
related symptoms may be decreased and passage of stone
fragments around the stent may be facilitated.’

There were several limitations to the present study. First,
the small number of patients did not allow us to conclude
and requires more targeted studies, but if gathering ureteral
segment fitted with a double-pigtail stent is easy, it is excep-
tionally rare for a ureter with a thin thread. Second, the
heterogeneity of the bladder diseases may explain the het-
erogeneity of the results. Third, the Shh/Glil pathway may
not be involved in ureteral dilation by the thread.

Conclusions

Apart from the cases of ureters fitted with the double-
pigtail stent, Glil expression of smooth muscle was het-
erogeneous. The small number of patients did not allow us
to conclude. The Shh/Glil pathway may not be involved in
ureteral dilation by the thread, but the present study is an
open door for further research by testing specific molecu-
lar mechanisms involved in smooth muscle contractions.
A broader exploration of molecular mechanisms could
make it possible to obtain the mechanisms involved in
the dilation of the ureter by the thread of the pigtail-
suture stent.
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