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Objectives: To describe the feasibility of a novel cell-based endoscopic technique
using buccal epithelium, expanded and encapsulated in a thermoreversible gelation
polymer scaffold for the treatment of urethral stricture.

Methods: Six male patients with bulbar urethral stricture ranging from 2.0 to 3.5 cm
in length were included in this pilot study. Autologous buccal epithelial cells from a small
buccal mucosal biopsy were isolated, cultured and encapsulated in thermoreversible
gelation polymer scaffold, and were implanted at the stricture site after a wide
endoscopic urethrotomy.

Results: All the patients voided well, with a mean peak flow rate of 24 mL/s.
Urethroscopy carried out at 6 months showed healthy mucosa at the urethrotomy site.
However, two of the six patients had recurrence at 18 and 24 months, respectively.
Conclusions: This endoscopic-based Buccal epithelium Expanded and Encapsulated in
Scaffold-Hybrid Approach to Urethral Stricture (BEES-HAUS) technique is a promising
alternative for the open substitution buccal graft urethroplasty. It is possible to achieve
the benefits of open substitution buccal urethroplasty with this endoscopic technique.
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Introduction

The definitive treatment of urethral strictures involves reconstruction with additional tissue
in the form of substitution urethroplasty or an end-to-end anastomotic urethroplasty. Buccal
mucosal urethroplasty is an open surgical substitution urethral reconstruction. It is a major
procedure with morbidity of graft harvesting and urethral reconstruction. Although recur-
rence is the most worrisome complication, the procedure is associated with other complica-
tions, such as bleeding, wound infection, prolonged operative times and ejaculatory
disturbances. The long-term success rates of urethroplasty surgery range from 62% to
100%, with the best results seen at high-volume centers and in the hands of experienced
surgeons.”> The complications associated with buccal mucosal urethroplasty warrant the
advent of novel techniques.**

Tissue engineering technology using cell-seeded or unseeded matrices to reconstruct the
urethra has been used in various studies with mixed results.”® The Buccal epithelium
Expanded and Encapsulated in Scaffold-Hybrid Approach to Urethral Stricture (BEES-HAUS)
is a tissue engineering-based cell therapy procedure that is completely endoscopic and is a
much less morbid procedure. In this procedure, autologous cultured buccal epithelial cells
expanded and encapsulated in TGP scaffold are implanted at the stricture site after a wide
endoscopic urethrotomy to form an epithelial layer.

Methods
Patient details

The present prospective longitudinal experimental pilot study included six male patients with
a mean age of 41 years (range 28-70 years) diagnosed with penobulbar urethral stricture. The
study was approved by ethics committee of the hospital within which the work was
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undertaken, and it was carried out conforming to the provi-
sions of the Declaration of Helsinki (as revised in Fortaleza,
Brazil, October 2013). Written informed consent was
obtained from all the patients. In all the patients, a detailed
history was taken including the AUA symptom score. Three
patients had prior optical urethrotomy, one underwent prior
buccal mucosal graft urethroplasty and two patients had no
prior interventions. The AUA symptom score ranged from 16
to 22, with a mean of 19. There was no history of trauma,
and the etiology was idiopathic in all patients. On physical
examination, external genitalia were normal with no signs of
lichen sclerosis. Patients were investigated by complete urine
examination, urine culture and sensitivity, ultrasound of abdo-
men and pelvis, uroflowmetry, and RGU. The mean peak
flow rate was 6 mL/s, with a range of 4.2 to 7.0 mL/s. RGU
showed stricture involving the bulbar and penobulbar region,
and stricture length ranged from 2.0 to 3.5 cm in all the
patients. All patients were initially subjected to small buccal
mucosal biopsy under local anesthesia. The buccal epithelial
cells from the biopsy were isolated and cultured in the cell
culture laboratory for 10-12 days. Later, the patients were
admitted for an endoscopic urethrotomy and implantation of
cultured buccal cells embedded in scaffold.

About the TGP scaffold

The TGP used in the present study is a co-polymer composed
of thermoresponsive polymer blocks (poly [N-isopropyl acry-
lamide-co-n-butyl methacrylate] poly [NIPAAm-co-BMA])
and hydrophilic blocks (polyethylene glycol).” These thermore-
sponsive polymer blocks are hydrophilic at temperatures below
the sol-gel transition temperature (35°C, which is close to the
LCST of an aqueous solution of PNIPAAm [32°C]) and
hydrophobic at temperatures above the sol-gel transition tem-
perature. The sol-gel transition temperature can be altered by
changing the composition of NIPAAm-co-BMA and polyethy-
lene glycol.'® This thermoresponsive property is advantageous,
because the cells to be cultured can be added in the solution at
lower temperatures and when the temperature rises to 37°C, the
cells become embedded in a three-dimensional scaffold that
can be cultured in the incubator at 37°C.° TGP has been shown
to support the growth of different cell types, including corneal
limbal stem cells,'"*'? hepatocytes,'® chondrocytes'* and con-
tinuous cell lines, such as the Vero, HEp-2, HeLa, BHK-21,
McCoy and CHO cell lines,'® For use in the present study, the
lyophilized TGP (1 g) vial was obtained from Nichi In Bio-
sciences, Chennai, India.

Buccal mucosal biopsy

A small buccal mucosal graft is harvested under local anes-
thesia from each patient. The graft is divided into four tissue
bits of 3 mm> each, two of the buccal mucosal tissue bits
were placed in PBS and two in the TGP-based transportation
cocktail with antibiotics contained in tissue transport vials.

For use of serum in culture, 30 mL of the patient’s own
PB was collected in each case and was transported to the lab-
oratory in PBS at 4°C. Cells were cultured for 10-12 days in
the laboratory.

Buccal epithelial cell culturing

Dispase II (4 mg/mL) enzyme was added to the dishes con-
taining tissue pieces and the dishes were incubated at 37°C
for 1 h. Enzyme activity was then stopped by washing with
DMEM (Invitrogen, Waltham, MA, USA) containing 10% of
the patient’s serum. The tissues were then treated with tryp-
sin—ethylenediaminetetraacetic acid (0.25% solution) for
15 min. The cell pellet was collected after centrifugation and
resuspended in DMEM culture medium. The cell viability
was analyzed by the trypan blue dye exclusion method. The
cells were then cultured using a TGP-based method.'® Med-
ium composed of DMEM with 10% autologous serum, insu-
lin (5 pg/mL), human recombinant epidermal growth factor
(5 ng/mL), penicillin—streptomycin (50 IU/mL) and ampho-
tericin B (5 pg/mL; all reagents from Invitrogen) was used
for culture of cells. The cells were cultured for 10-12 days.
The cells proliferated and had a cobblestone appearance char-
acteristic of epithelial cells (Fig. 1). Cells were counted by
the trypan blue exclusion method. Before cell harvest, a small
portion of the culture medium containing cells was subjected
to testing for bacteria and fungi. Culture for the presence of
bacteria or fungi was negative in all our cases. Cells were
harvested from the culture dishes and a cell pellet was
obtained by centrifugation. The final increased cell counts
after culture expansion are shown in Table 1. Cells were sus-
pended in TGP reconstituted with saline and used for implan-
tation in the operation theater.

BEES-HAUS procedure

Cystourethroscopy was carried out under spinal anesthesia. A
0.032-inch guide wire was passed across the stricture, and
using 21-Fr urethrotomy sheath and a straight cold knife, a
wide dorsal urethrotomy at the stricture site was carried out
from a 9 o’clock to a 3 o’clock position until petechial hemor-
rhages are seen. Stricture involved 2.0-3.5 cm length of bul-
bar/penobulbar urethra with 1 cm of unhealthy pale mucosa on

Fig. 1 Cells in culture in the TGP-based method (magnification: x20). The
arrows indicate the cells with cobblestone morphology.
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Table 1 Patient characteristics and procedure details
Prior Initial cell Final cell Stricture length  Follow-up  Auxiliary
Sl No.  Etiology Age (years) interventions Graft size (cm) count (million) count (million)  (cm) (months)  procedure
1 Idiopathic 38 Endoscopic 0.5 x 0.5 03 1.4 2.5 18 Buccal substitution
urethrotomy (twice) urethroplasty
2 Idiopathic 28 - 2 x1 1.57 11.6 2 40 -
3 Idiopathic 70 Buccal substitution 25 x 15 0.76 10 2 39 -
4 Idiopathic 37 2x15 2.24 9.2 25 36 -
5 Idiopathic 45 Endoscopic 2x15 1.2 8.06 35 36 -
urethrotomy
6 Idiopathic 32 - 2x15 22 18.5 2 10 Buccal substitution
urethroplasty
both the proximal and distal ends. Urethrotomy was extended
p Y Results

into pale unhealthy mucosa on both the proximal and distal
ends. A 14-Fr silicon Foley catheter was placed, balloon
inflated and the balloon was pulled toward the bladder neck.
Later, urethroscopy was carried out with a 17-Fr compact cys-
tourethroscope by the side of the Foley catheter to the urethro-
tomy site and using a 5-Fr ureteric catheter through the
cystoscope, the cultured buccal epithelial cells suspended in
TGP were instilled at the urethrotomy site so as to cover the
entire urethrotomy site. The TGP, which was liquid at low tem-
perature, immediately solidified at body temperature, thus fix-
ing the cells. The catheter was left in situ for 3 weeks.

Post-treatment follow up

The urethral catheter was removed after 3 weeks. Follow up
was carried out every 6 months by symptom assessment and
uroflowmetry. A check urethroscopy was carried out at
6 months. Urethrogram was carried out at 1-year follow up.
None of the patients were advised to carry out clean intermit-
tent self-catheterization. Urethral calibration was carried out
when the patients experienced poor urinary flow or when the
peak flow rate was <12 mL/s.

Fig. 2 Follow-up urethroscopy view at the implantation site: pink granulat-
ing tissue covering the urethrotomy site.

After urethral catheter removal, all patients voided well with
good stream. There was symptomatic improvement in all
patients, and uroflow improved with a mean flow of 24 mL/s.
The check urethroscopy carried out at 6 months, with a 19-Fr
scope revealing healthy, pinkish epithelium at the urethrotomy
site with good urethral lumen (Fig. 2). In one patient, biopsy
from the urethrotomy site showed buccal epithelial cells, provid-
ing evidence of healing of the implanted area by buccal epithe-
lium (Fig. 3). Retrograde urethrogram carried out at the end of
1 year showed a patent urethra with wide lumen at the urethro-
tomy and implantation site (Fig. 4). Four patients were voiding
well and did not require any auxiliary procedure at 3 years of fol-
low up. Recurrence was seen in two patients — at 18 months in
one patient and at 2 years in the other. One patient who under-
went two prior endoscopic internal urethrotomies had narrowing
at the same site. Other patient, who had a dense stricture at
urethrotomy, also had recurrence. Both the patients underwent
buccal mucosal graft urethroplasty at 18 months and 2 years
after this procedure. The remaining four patients were voiding
with a peak flow rate of >20 mL/s at 3-year follow up.

Discussion

The definitive treatment for urethral stricture remains one of
the most challenging problems in urology. It often involves

Fig. 3 Photomicrograph of tissue from the implanted site of the urethra
showing stratified squamous epithelium (magnification: x400).
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major reconstruction with additional tissue. Penile skin, scro-
tal skin, bladder mucosa and, recently, buccal mucosa have
been used for repair of urethral defects (substitution urethro-
plasty).’> These materials are often sufficient to restore to
which they are being grafted, but they are effective for only a
short period. On long-term follow up, recurrence of stricture
can occur and requires an auxiliary procedure, such as dilata-
tion urethrotomy or regrafting.'”

A great deal of research has been carried out to overcome
this, and tissue engineering techniques could play a signifi-
cant role in the reconstruction of the urethra. The evolution
has begun with acellular grafts and then progressed to cellular
matrix grafts.'"®?® A major challenge in developing tissue-
engineered materials for urethral reconstruction is to find a
suitable scaffold biomaterial. This biomaterial must be bio-
compatible to minimize any inflammatory or foreign body
response once implanted; it should also encourage appropriate
cell adhesion, proliferation, migration, and differentiation to
promote and facilitate development of new tissue.?! Vascular-
ization of TE materials can also pose a significant challenge,
because an adequate blood supply is required for supporting
both the growth and proliferation of seeded cells.

The TGP scaffold used in the present study is biologically
inert, antifibrinogenic, and has been used earlier in the liver
and cornea. Nagaya et al. reported the use of TGP for regener-
ation of focal liver injury.?? In their study, TGP induced effi-
cient regeneration of hepatocytes by reducing the fibrosis and
enhancing proliferation. Sudha et al. showed the growth of
human cadaver corneal limbal epithelial cells cultured in TGP,
and they showed that the cells expressed both the limbal and
corneal phenotype.!! Sitalakshmi e al. showed that transplan-
tation of limbal epithelial cells grown in TGP could recon-
struct the surgically damaged corneal epithelium in a rabbit
model without inducing fibrosis.'> Earlier, TGP was applied
for tissue engineering. TGP has been shown to support the tis-
sue engineering of articular cartilage, with the cells growing in
culture without dedifferentiation for a longer period of time
in vitro,"* and the TE cartilage has been successfully trans-
planted to rabbits with follow-up biopsy showing native hya-
line cartilage regenerated in the rabbit.>> Also, bone marrow
mononuclear cells have been transplanted clinically embedded
in the TGP scaffold for treating human patients with alveolar
bone defects.>* Hence, TGP was considered for the present
study to serve as a scaffold for urethral tissue engineering. The
fibrosis-inhibiting nature of TGP could be of great advantage
in the BEES-HAUS procedure. We presume that the stricture
recurrence is delayed or prevented by the implanted buccal

Fig. 4 (a) Pre-BEES-HAUS procedure urethrogram.
(b) Post-BEES-HAUS procedure urethrogram.

cells forming an epithelial layer along with the antifibrotic nat-
ure of TGP. Hishikawa et al. compared collagen scaffolds
with TGP and reported that collagen gel altered the gene
expression profile of mesenchymal stem cells but that TGP did
not.>> TGP has been subjected to toxicity assessment studies,
including tests for cumulative skin irritation, reverse mutation,
in vitro chromosomal aberrations, antigenicity, eye irritation
and single administration toxicity, and has been established to
be safe (unpubl. data).

Bhargava ef al. made a TE buccal mucosa using separated
keratinocytes and fibroblasts from the epidermal and dermal
layers of the oral mucosa.® The mucosa was implanted into
five patients to repair urethral stricture. Three patients were
cured; one required total patch excision, and the other
required partial patch excision owing to patch hyperplasia
and fibrosis. Although the authors could reduce the morbidity
of graft harvesting in this novel tissue engineering technique,
the procedure involved open surgery for graft substitution
with its associated morbidity. In our procedure, buccal epithe-
lial cells in a liquid scaffold facilitated implantation of cells
by an endoscopic technique.

Autologous buccal mucosa has been used in substitution
urethroplasty for many years with acceptable results.”® We
used autologous cultured buccal epithelial cells in the present
study, thus obviating the risks of antigenicity and infections
associated with allogenic tissue transfer. The success of
urethroplasty mainly depends on the caliber of the native ure-
thral lumen and severity of underlying spongiofibrosis The
stricture recurrence rates after buccal substitution urethro-
plasty at 5, 10 and 15 years are 21, 31 and 58%, respec-
tively.!” The results of BEES-HAUS are comparable with
open substitution; however, long-term follow up with a large
number of patients is required. Barbagli and Lazzeri,?® in a
comment on a study of TE autologous urethra,”’ suggested
that long-term follow up is the main factor affecting the
validity of the efficacy and safety of such innovative tissue
engineering treatments.

In the present study, two patients had recurrence after 18
and 24 months of follow up, respectively. The recurrence in
the first patient could be attributed to the severity of spongiofi-
brosis, prior two interventions and low final cell count
(1.4 million). Recurrence in the other patient could be due to
severe fibrosis identified at endoscopic urethrotomy. Both the
patients underwent standard buccal mucosal graft urethro-
plasty. One of our patients had stricture recurrence after formal
buccal graft urethroplasty, which was managed by the BEES-
HAUS procedure. We believe that the procedure can also be
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used as a salvage procedure after failed buccal graft urethro-
plasty, as redo open surgery has significant morbidity. At 3-
year follow up, four out of six patients were voiding well and
the urethral lumen accommodated a 16-Fr catheter. We have
documented the successful buccal epithelial implantation by
doing biopsy after 6 months from the implantation site.

In long strictures and redo procedures, the donor area
available is a major limitation in open substitution proce-
dures. In a retrospective study of oral mucosal graft harvest-
ing, Barbagli er al. found that bilateral graft harvesting in
long strictures was a significant predictor of patient dissatis-
faction.”® BEES-HAUS, an endoscopic tissue engineering-
based cell therapy, has tremendous potential even in recurrent
and long strictures. In contrast to earlier published studies,
where TE grafts are sutured to native urethra by an open sur-
gical method, our BEES-HAUS technique is entirely endo-
scopic with minimal morbidity. Based on the present study,
we consider the use of buccal mucosal epithelial cells to be
more advantageous to address the stricture of the male ure-
thra. Instead of buccal mucosal epithelial cells used in this
study, which are mature adult cells, should stem cells or pro-
genitor cells be considered as an alternative cell source, their
teratogenic and/or mutagenic potentials should be ruled out
first. Then their differentiation to a urothelial epithelium and
long-term outcome of safety should be confirmed before clin-
ical translation. The limitations of the present study were the
small cohort with a short follow-up period. The procedure is
carried out in short segment strictures with moderate-to-
severe spongiofibrosis. A multicentric study with a large
number of patients and long-term follow up is required to
establish this novel procedure.

Our initial few cases show that novel cell-based therapy
using BEES-HAUS is a promising alternative for open substi-
tution buccal graft urethroplasty. It is possible to achieve the
benefits of open substitution buccal urethroplasty with this
endoscopic technique without donor site morbidity.
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