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Abstract
Introduction: Buccal mucosal urethroplasty has revolutionized the surgical management of urethral strictures but the success of the 

information would help in better urethroplasty outcomes.
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[7].  Similarly, Anti-CTGF human monoclonal antibody (FG-3019) by FibroGen is in phase-II clinical trials (clinicaltrial.gov). 

Tissue penetration is a major challenge in antibody therapy. Current study uses the cell therapeutic candidate as keratinocytes 

have been used as a standard-of-care for the surgical management of urethral strictures for over 20 years [3]. It is assumed that the 

connective tissue growth factor (CTGF), leading to increased collagen deposition resulting in urethral stricture [4-6]. 

Materials and Methods: 

in the UStF co-cultured with BMEs was analysed by using molecular biology methods.

Results: 

Conclusion: 

In the current study, UStF and NUF were compared in terms of morphology, growth kinetics, collagen deposition, HLA-DR 
expression and CTGF levels. Furthermore, the CTGF expression levels of UStF co-cultured with BME were studied. 
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at least one urethroplasty) over a long period of time. A small segment of the BMG from the donors (n=3) was taken to derive the 
2 sized biopsy of 

skin discarded during surgery (n=3) and was used as control for immunophenotype of HLA-DR.

Cell Sourcing

Isolation and Cell Culture 

treatment to separate epithelial cell sheets, followed by further digestion with CollagenaseType IV (Life technologies, Waltham, 

oC 
2

PicroSiriusRed (PSR) stain is a connective tissue stain which stains collagen both in the intra and extra cellular area [13]. 

Germany) and the assay was done in triplicates.

Growth Kinetics

population doubling time (PDT) were calculated. CPD is the sum of population doublings at a given passage number using the 
seeding density of 5000 cells per cm2 and calculated as reported by Yuan et al. 1995 [12].

6 cells of UStF were seeded in 6 well plates and 0.3 X 106 of BME were separately seeded in polyurethane cell culture 
One GmbH, Germany) of 0.4 µM pore size. Wells containing UStF alone at the same seeding density 

Materials and Methods

Collagen Estimation 

Flow Cytometry

Western blot

subjected to a Western blot using anti-human CTGF antibodies. Protein from a suitable volume of conditioned media from 

incubated with rabbit polyclonal anti-CTGF antibodies (PeproTech, NJ, USA) followed by incubation with horseradish-peroxidase 
2O2 as a substrate to 

Co-culture Experiments
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ELISA using a PeproTech sandwich ELISA kit as per the manufacturer’s instructions and the experiment was done in triplicates. 

Figure 1: (a) Cumulative population doublings (CPDs) b) Population 
doubling time (PDT); (*p≤0.05, **p≤0.01)

localize the CTGF protein. Recombinant CTGF (PeproTech, NJ, USA) of 11 kDa, known to possess heparin-binding and cell-
adhesion motifs and these activities are within the C-terminal 103 residues of CTGF and show that CTGF-mediated cell adhesion 
is heparin and divalent cation-dependent has been used was used as a positive control and the experiment was done in triplicates 
[15].

ELISA

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), that is encoded by a single gene and produces a single mRNA transcript 

UstF cells. 

qPCR

manufacturer’s instructions, and the RNA concentration measured using Agilent Bioanalyzer RNA Chip (Agilent, Santa Clara, 
CA, USA). 1 µg of total RNA was transcribed to cDNA using SuperScript III TM Platinum one step qRT-PCR Kit (Invitrogen, CA, 
USA) according to  manufacturer’s protocol. Real time PCR was performed in a Qiagen qPCR machine (Qiagen, Strasse 1, Hilden, 
Germany) and the experiment was done in triplicates. 

All values were expressed as mean ± SEM (standard error of mean). Data were analysed by Student’s t-test, ANOVA using Graphpad 

Statistical Analysis

transportation media at 2-8 o 2 and 5,000 per cm2 

2

Figure S1). Similarly, morphological, cultural 

morphological characteristics between NUF and UStF.

Isolation and Cell Culture

Results

growth kinetics plots (Figure 1a and 1b).

Growth Kinetics
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(Supplementary Figure S3).

Figure 3: Immuno-phenotyping of NUF (a, b), UStF (c, d) and HDF (e, f): A representative histogram of isotypes a, c, e and HLA-DR expression 
of b, d, f of respective cell type

more collagen than NUF (Supplementary Figure S2).

Collagen Deposition

Flow Cytometry

Figure 2: Light microscopy images of (a) NUF and (b) UStF cells. Scale bar, 100 µm
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Co-culture Experiments

Figure 5: 
materials and methods section. Panel A: Lane 1: Intracellular CTGF from UStF cells, lane 2: Prestained 43 kDA protein marker. Lane 3: Intracellular 
CTGF from BME/UStF cells; Panel B: Lane 1: Extracellular CTGF from UStF cells, lane 2: Extracellular CTGF from BME/UStF cells; Panel C: Lane 1: 
Standard recombinant CTGF

Figure 4: Fibroblast suppression in terms of cell number in BME/UStF co-cultured cells compared with UStF 
non-co-cultured cells; (**p≤0.01)

cells and their conditioned medium exhibited reduced amount of CTGF expression when compared to CTGF in UStF alone as 

cells. Also, the western blot showed that the CTGF protein from both the cell types showed similar size on SDS-PAGE with no 

cells in comparison to the CTGF protein expressed from UStF cells alone.

Western Blot

Figure 6a, while intracellular CTGF suppression was about 73% (Figure 6b).

ELISA

Figure S4 
Figure S4, Panel 

B). 

qPCR

in supplementary Figure S5. While supplementary Figure S5a shows that qPCR Ct value of UStF cells was lower in comparison 
to BME/UStF cells indicating higher levels of expression of CTGF in UStF cells over co-cultured UStF/BME cells, supplementary 
Figure S5b
obtained.
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Figure 7: 
amount of CTGF expressed from UStF cells and BME/UStF cells by QPCR values of UStF have been considered as 
100% to calculate the relative amount of CTGF expressed in the co-cultured cells of UStF and BME; (***p≤0.001)

Figure 6: Histogram showing the concentrations of CTGF by ELISA, both a) extracellular CTGF secreted into the conditioned media, b) intracellular 
CTGF of  UStF and BME/UStF; (**p≤0.01)

Supplementary Figure S6a
UStF and BME/UStF cells on agarose gels, supplementary Figure S6b shows the same PCR products as tested on Agilent 2100 
Bioanalyzer. 

amount of CTGF expressed from UStF cells and BME/UStF cells by QPCR. Values from UStF cells have been considered as 100% 
to calculate the relative amount of CTGF expressed in the normalized co-cultured cells of UStF and BME. 

Discussion

collagen deposition (Figure 2 and supplementary Figure S2), though they are morphologically similar to NUF (Supplementary 
Figure 1). All these internal changes in the UStF could have happened in response to injury which results in stricture. In a clinical 
setting, not all instrumentations of the urethra result in stricture suggesting additional mechanisms may be operating to produce 
stricture or to prevent it. 

demonstrated the lowering of CTGF by the epithelial cells. Bradham et al. (1991) have demonstrated that CTGF plays an important 
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response to interventions.

accumulation of ECM [24]. But surprisingly the NUF has also shown moderate expression of HLA-DR lesser than UStF (Figure 3 
and supplementary Figure S3

role in scar formation and wound healing [19]. Further, CTGF that belongs to the family of multi-functional growth factors [20] 

cells of BME and UstF is interesting and hitherto unreported. It is tempting to speculate that a locally applicable preparation 

prophylactically. 

spreads all around it might lead to anastomotic ring strictures [25-27].

tissue and replacement by rapidly multiplying epithelial cell sheet generated by tissue engineering methods would be preferable to 
the existing approach.

in vitro

al (2001) [28]. 

numerous growth factors, cytokines and chemokines, like the epidermal growth factor (EGF) family and transforming growth 

Conclusion

SRTE is fully supported by Sri Sringeri Sharada Peetam.
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