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Overview

Urinary incontinence. The clinical situation and challenges

Lessions from pre-clinical studies

Principles of the waterjet technology

Application of the waterjet for GI applications. Spray of cells on surfaces

Application of the waterjet for urological applications: Injection of cells
into media and cadaveric tissues

Cell injection of regeneration-competent cells in a SUI animal model

Future perspectives
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The Clinical Situation:
Prevalence of Urinary Incontinence in Western Countries

Abrams et al: 4th International consultation on incontinence, 4th edition, 2009: p91

2008
2013
2018

approx. 12% of people in Europe present with urinary incontinence
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Risk Factors to Develop Stress Urinary Incontinence

Men:

Prostate surgery

Women:

Pregnancy

Vaginal childbirth

Adipositas per magna
Both Gender:

Diabetes

Aging

Mental Illness
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The Anatomical Situation of the Urethral Sphincter Complex

The urethral sphincter 
consists of:

- smooth muscle

- striated muscle 

Wallner et al, Eur Urol 55(4):932-944, 2009 6



The Histological Situation of the Sphincter Tissue
As Function of Aging

insufficient contractile function of the muscle

- apoptosis of muscle cells

- lack of innervation

- ageing

- injury / inflammation / fibrosis ....
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Overview on Current Treatment Options

8

- reduction of bodyweight to reduce the load on the lower 
pelvic floor and behavioral changes of daily routines

- exercise to strengthen the sphincter muscle

- bio feed back exercise, possibly in combination with electro 
stimulation therapy

- pharmacological therapy

- surgical intervention

NA/5-HT

NA
Duloxetin-
Blockade

NA/5-HTNA/5-HT



Most current therapies applied for significant SUI

ameliorate the sequela ….

… but do not cure the conditions
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Hyopthesis:

Loss of innervation and / or loss functional muscle fibres 
contributes to further degeneration of the sphincter muscle and 
consequently contributes to stress urinary incontinence.

Can injection of muscular progenitor cells facilitate a functional
regeneration of this muscle? 
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Collect homologous
cells from male littermates

Expand in vitro
Quality management

Fluorescent label

Inject in 
incontinent femal animals

Design of the Current Pre-clinical Animal Study* 

Analysis

11* EU project MUS.I.C. / DFG projects Ai16/28-1 PoTuS & Ai16/29-1 MyoRepair



Results from a Pre-clinical Model of 
Cell-based Therapies of Experimental SUI*

* Eberli et al (2012) Cell Transplant 21: 2089

MUSCLE PRECURSOR CELLS FOR INCONTINENCE 2093

and p = 0.011, respectively). The sphincter pressure values 
obtained by stress urethra profile analysis showed similar 
results, with values of p = 0.511 at 0 months, p < 0.001 at  
1 month, p < 0.001 at 2 months, p = 0.014 at 3 months, and 
p = 0.032 at 6 months. 

Detrusor leak point (DLP) pressures were measured 
to assess the overall function of the sphincter apparatus 
(Table 1). The normal value for the leak point pressure 
was 45.9 ± 9.1 cm H2O (n = 24) in control animals. In the 
damage-only group, the DLP dropped to 23.0 ± 4.0 cm 
H2O at 1 month, 32.2 ± 5.0 cm H2O at 2 months, 34.5 ±  
6.8 cm H2O at 3 months, and 32.5 ± 9.3 cm H2O at 6 
months postoperatively. Animals that received autologous 
MPC injections showed a higher DLP with 42.6 ± 4.6 cm 
H2O at 1 month (p = 0.005), 42.3 ± 3.7 cm H2O at 2 months 
(p = 0.128), 41.0 ± 5.7 cm H2O at 3 months (p = 0.491), 
and 43.3 ± 4.9 cm H2O at 6 months (p = 0.397), indicat-
ing that the injected MPCs support the overall continence 
apparatus. 

Sphincter power generation was assessed by measur-
ing the pressure increase during pudendal nerve stimu-
lation (Fig. 2C). Before model generation, the animals 
were able to generate an increase in sphincter pressure 
of 19.5 ± 1.7 cm H2O (n = 18) in response to puden-
dal nerve stimulation. However, the average pressure 
increase in the damage-only controls was only 5.8 ±  
0.9 cm H2O at 1 month, 5.0 ± 1.3 cm H2O at 2 months, 
6.3 ± 1.4 cm H2O at 3 months, and 5.5 ± 0.5 cm H2O at 
6 months postoperatively. Interestingly, the sphincter 
pressure increase was nearly equivalent to normal values 
in the animals that received autologous MPC injections 
[15.8 ± 0.4 cm H2O at 1 month (p = 0.003), 19.4 ± 1.3 cm 
H2O (p = 0.001) at 2 months, 20.3 ± 2.7 cm H2O (p = 0.002) 

at 3 months, and 17.6 ± 0.8 cm H2O (p = 0.002) at 6 
months], indicating that the injected MPCs participated 
in functional regeneration of the urinary sphincter. 

Organ Bath Studies

Sphincter strips taken from animals injected with MPCs 
showed a higher myogenic contraction when compared to 
strips from damage-only controls.

At 3 months, the contractility of strips from damage-
only animals was 2.7 ± 0.7 mg/mg; however, strips from 
MPC-treated sphincters demonstrated a contractility of 
6.8 ± 3.7 mg/mg at the same time point. In addition, the 
same pattern was observed at the 6-month time point 
(3.0 ± 2.1 mg/mg for damage-only strips and 5.2 ± 0.7 mg/
mg for MPC-injected strips). Although these results indi-
cate a trend, they did not reach statistical significance in 
the present study.

Cystourethrogram

Radiograms of the sphincter area were performed to 
visualize the sphincter apparatus and evaluate the con-
tour, gross morphology, and sphincter anatomy (Fig. 3). 
None of the investigated animals showed signs of stricture 
formation. All animals in the damage-only group showed 
a bulging of the sphincter area, demonstrating a loss of 
anatomic integrity. This widening was more prominent in 
the later time points. Animals in the damage + MPC group 
showed less widening of the urethra and maintained a 
contour comparable to normal sphincter anatomy. 

Gross Anatomy and Histology

No macroscopic inflammation or fibrosis was seen at 
the site of sphincter damage. Histologically, at 1 month, the 

Figure 2. Functional assessment of sphincter function. (A) Representative urethra profiles showing the increase of sphincter pres-
sure in the sphincter area after cell treatment. N, normal control; D6, damage-only control at 6 months; M6, MPC-treated animal at 
6 months. (B) Graph showing sphincter pressures over time. Animals treated with MPC injection showed a significant functional 
recovery with pressures of approximately 80% of normal, while the damage-only group remained low at 20% (p < 0.025). (C) Pressure 
increase during electrical stimulation of the pudendal nerve showed a significant improvement for the cell-treated group, when com-
pared to the damage-only control (p < 0.003).

> very good recovery, promising pre-clinical data

significant im
provem

ent of sphincter function
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The clinical feasibility study closed in 2022. Data are under evaluation



Results from another Pre-clinical Model of 
Cell-based Therapies of Experimental SUI*

* Burdzinska et al (2013) Urology 82: 743.e1 – e8

> results depend very much on the model used

on large animal models, the number of cells injected was
similar: 5 ! 107 in a canine study15 and 7.8 ! 107

(maximal dose) in a porcine model.21 Moreover, to
calculate the number of cells used per kg body weight of
a host animal, the range 1-3 ! 106 cells/kg body weight
also refers to some of the rodent studies in this
field.8,10,11

For cell tracking, the PKH26 labeling agent was used in
our experiment. This method is very effective (99% of
cells labeled), highly repetitive, does not affect cell
viability, and does not require additional equipment. The
disadvantage of PKH26 is that it dilutes between
daughter cells during proliferation. Our in vitro experi-
ments demonstrate that PKH26 dye is hardly detected in
cells after about 10 population doublings. Therefore, this
labeling has limited utility in studying cells that divide
intensively. Nevertheless, it is a commonly used method
in studies on cellular transplantations into the urethral
sphincter.6,14,15,21,22 The evaluation of red fluorescence
revealed the presence of injected cells in urethras
collected 4 weeks after the autologous transplantation. In
some pigs, 3 separate areas repeating in subsequent cross-
sections could be identified. These were probably related

to 3 injections performed. However, in some pigs, we
failed to recognize such a configuration. In 1 urethra, it
was difficult to find any clear red fluorescence area.
The most probable explanation for these results is
that some depots were placed out of the urethral
wall. Indeed, it was demonstrated previously that the
endoscopic administration is associated with the rela-
tively high risk of imprecise injections.23 Results from
in vitro analysis of PKH26 behavior in dividing cells and
the comparison of fluorescence intensity of PKH26 after
transplantation on day 1 and day 28 (Table 1) allows for
a conclusion that only cells that underwent limited
proliferation before incorporation into host tissue could
be visualized 4 weeks after injection. If part of the pop-
ulation continued divisions in the injection site, it
probably lost the dye and could not be detected after
4 weeks. Another possible explanation for limited
PKH26-derived fluorescence on day 28 can be donor cell
death8 and/or migrating out to the blood stream.

The depots identified in the present study were local-
ized in different layers of urethral wall, in the muscle
layer, but also in the submucosa as well as in the peri-
urethral tissue. Different fate of transplanted cells was

Figure 3. The functional evaluation of the porcine muscle-derived cells (pMDCs) transplantation effect. (A) The urethral
profiles recorded during urodynamic evaluation. The profiles recorded at day 1 and day 28 of the same pig from the repre-
sentative control animal and experimental animal. All profiles refer to the presented scale. (B) The graph represents the mean
maximal urethral closure pressure (MUCP) values of control and transplanted animals at day 1 and day 28. The differences
between groups were not statistically significant (P ¼ .2).

743.e6 UROLOGY 82 (3), 2013

no significant change in 
sphincter function
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Results from yet Another Pre-clinical Model of 
Cell-based Therapies of Experimental SUI*

* Williams et al. (2014) Stem Cells Transl Med 4: 286 

pathologic features, blood cell counts, or liver andkidney function
markers up to 9months after cell injection. This is probably equiv-
alent to around 2–3 years of follow-up in humans. However, it
does appear that repeated catheterization of the dog urethra
might have caused inflammation and, in some cases, infection
within the lower urinary tract, which can also be expected in
the clinical setting. Although not caused by the cells, per se,
one cannot rule out the possibility that testing the sphincter pres-
sures could increase the risk of lower urinary tract infections. It is
also possible that the inflammation from the urinary tract infec-
tions could affect the urethral pressures and explain some of the
variability in our MUP values.

Several different cell types have been used in preclinical stud-
ies to test their ability to restore urinary sphincter function
[11–16]. The most commonly used in clinical studies have been
skMPCs [16, 18, 19]. In a review of both preclinical and clinical
studies, the doses of cells given have varied greatly. They have
been, with one exception [20], injected directly into the sphincter
complex either periurethrally or transurethrally. Because of the
differences in sphincter structure, size, and locationwithin theab-
domen, it is very difficult to calculate an “equivalent dose ratio”
among all the studies, even within the clinical studies [21]. Doses
of 250,000 to 5 million skMPCs have been given to rodents [18].
Also, 100 million skMPCs have been given to dogs [14]. Five mil-
lion cells have been given to nonhuman primates [17], and
10–400 million to patients [18]. The only clinical study to test
the different doses of skMPCs was reported by Sèbe et al. [16]
and found no difference in efficacywith a dosage of 10–50million
cells. In our study, the cell dose of 50million cells permilliliterwas

the only dose that demonstrated improved sphincter function,
confirming the effective dose used in our previous study [14]. It
remainsunclearwhydose-dependent improvementwasnot seen
with cell therapy; however, we speculate that 25 million per mil-
liliter might not be sufficient and 100 million cells per milliliter
could have created crowded conditions for the cells to sustain vi-
ability owing to insufficient nutrients and oxygen. However, the
difference was small, and a more likely explanation is that we
did not test the full dose-response curve. A study by Carr et al.
[22] tested a much wider dose range of skMPCs and found that
the higher doses (32–228 million cells) provided better results
(drier pads and fewer reported leaks) than the lower doses
(1–16 million cells); thus, future studies should assess a broader
dose-response relationship.

In contrast to our previous preclinical studies using rodents,
dogs, andnonhumanprimates [13–15, 17], thegoal of thepresent
experiment was to assess the safety within a dose range of
skMPCs that improved sphincter function. It was not our goal
to measure structural (muscle) regeneration, because we have
previously reported that isolated skMPCs express markers for
bothmature skeletalmuscle cells (desmin) and thoseof precursor
cells (MyoD, PAX-7) in culture and restore smooth and skeletal
muscle content, innervation, and vasculature [17]. In particular,
we have demonstrated in nonhuman primates that labeled
skMPCs incorporate into the sphincter musculature, urothelium,
and vasculature of the sphincter complex, restoring the sphincter
constrictor responses to somatic and adrenergic nerve responses
[17]. Our objective in the present study was only to show that
a muscle layer existed to support the MUP.

Figure 4. Efficacy. (A): Desmin staining (nova red) of the urethral sphincter complex in the CON, 25, 50, and 100. Arrows point to the desmin
staining in these cross-sections of the sphincter. Scale bars = 200mm. (B, C): Sphincter pressures. The actualMUP values (B) and the percentage
of change inMUP (C) taken before sphincter injury (point a), immediately after sphincter injury (point b), 4 weeks later immediately before cell
injection (point c), and then monthly for 9 months (points 1–9). The mean MUP values for all experimental groups decreased from point a to
point b (p) (CON: p = .037, n = 4; 25: p = .036, n = 4; 50: p = .007, n = 5; 100: p = .020, n = 5). No differencewas found in postoperativeMUPs among
the experimental groups (B) at point b (p = .576, n = 4–5). TheMUP values in the dogs treatedwith 50million cells permilliliter were significantly
greater than those in the CON group (pp) (p = .0004) or 25 (p = .0014) and 100 group (p, .0001) (C). However, the MUP values of the other 2
skMPC groups (25 and 100) were not different from the CON values (p = .956 and p = .871, respectively). Abbreviations: 25, 25 million cells per
milliliter; 50, 50million cells per milliliter; 100, 100million cells per milliliter; CON, control; M,million;MUP, maximal resting urethral sphincter
pressure.

Williams, Eckman, Dean et al. 293

www.StemCellsTM.com ©AlphaMed Press 2015

> outcome is vary variable and depends very much on the cell dosage used
> during follow-up only in 1 cohort significant improvement was observed

minor but significant improvement 
only with 5x10^7 cells / animal
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to AMDC-USR, and reported biopsy and injection
procedure related events were consistent with the
known risks of skeletal muscle biopsy and intra-
sphincter injection. A higher percentage of patients
experienced injection procedure related events with
the transurethral approach than the periurethral
approach (25% [14 of 56] vs 0% [0 of 24]), but these
events were minor and self-resolved or were easily
treated. These safety data are consistent with other
clinical studies of autologous muscle progenitor cells
for the treatment of SUI and provide further sup-
port for the safety of this potential therapy.4,5,7e13

The efficacy data suggest that a single treatment
of AMDC-USR improves SUI and patient quality of
life. All dose groups experienced a statistically
significant reduction in stress leaks within 1 to
3 months of treatment that was maintained through
the 12-month followup. Although the studies were
not statistically powered to assess differences in
efficacy across dose groups, data trends for the
percentage of patients with at least a 50% reduction
in diary reported stress leaks and at least 50%
improvement in 24-hour pad tests suggest a poten-
tial dose response. In the range of tested doses a
greater percentage of patients appear to be respon-
sive to higher doses of AMDC-USR than lower
doses. Similar results were observed for the sub-
group of patients with at least 3 diary reported
stress leaks over 3 days and at least a 3 gm 24-hour
pad weight at baseline. Only patients receiving
200 ! 106 AMDC-USR had a statistically significant
reduction in pad weight. Unlike the diary, which

was designed to distinguish between stress leaks
and urge leaks, the 24-hour pad test results may be
confounded by the presence of urge incontinence,
which was reported by 50% of patients. Injection
approach did not appear to affect efficacy outcomes.
Improvements in UDI-6 and IIQ-7 scores did not
appear to be dose related.

Previous results of an AMDC-USR dose ranging
study in 38 women also suggested that the efficacy
of AMDC-USR may be related to cell dose.5 Patients
who received 2 treatments of 32, 62 or 128 ! 106

AMDC-USR appeared to have better efficacy out-
comes than those who received 2 treatments of
lower doses. Other clinical studies of autologous
muscle progenitor cells for SUI treatment have not
examined or have not identified an effect of cell dose
on safety or efficacy outcomes.7e11,13

Self-repair mediated by autologous cell therapies
is an attractive treatment modality. However,
due to the individualized nature of the products,
there are challenges to commercialization. AMDC-
USR are produced under tightly controlled
manufacturing processes that include product spec-
ifications for safety, cell dose, cell composition and
myodifferentiation potential. Due to the inherent
variability in cell growth across patient samples, it
may not be possible to generate products for all pa-
tients or meet all nonsafety specifications for each
individualized product. Furthermore, product spec-
ifications set at the start of clinical development
for an autologous cell therapy are determined based
on nonclinical data and may not reflect product
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Figure 2. Patient reported incontinence symptom distress and life impact. A, mean UDI-6 scores. B, mean IIQ-7 scores. UDI-6 and IIQ-7
are scored 0 to 100 with lower scores indicating higher quality of life. Error bars represent standard error of mean. Asterisk indicates
statistically significant change from baseline as determined by paired t-test. Number of patients who completed questionnaire at each
point is indicated at base of each bar.

474 AUTOLOGOUS CELL THERAPY FOR STRESS URINARY INCONTINENCE

Peters et al., J Urol 192:469, 2014

Clinical Application of Muscle-derived Cells

Result:
- 72/80 patients completed the study after 1 year
- no adverse effects 
- significant improvement independent of cell dose

15



Clinical Application of Autologous Adipose Tissue-derived Cells

14 patients after radical prostatectomy
f/u ø 60 months
11/14 improved

16Yamamoto et al Int J Urol. 17:75 , 2009



Ambivalent Situation in the Current Literature on Cellular Therapies

Many pre-clinical studies utilizing animal models of SUI reported on success of 
cell based therapies, but others reported no improvement*

Some clinical studies reported on success of SUI treatment of patients....

However, other clinical studies reported on success but were retracted thereafter,

17



Animal studies applied variable regimen to induce incontinence and
therefore can‘t be compared head to head

In small animals precise cell injections are a challenge

Many pre-clinical and clinical studies have not (yet) published their results

Some clinical feasibility studies with selected cohorts reported initial success

Some clinical studies with larger cohorts suffered from significant drop-out

Overall cohorts investigated so far have been small ofter due to regulatory
affairs

Individual treated in feasibility studies so far differ significantly in their
clinical situation

18



Additional Reasons for Variability of the Results

- Localisation of cells injected can‘t be investigated in patients

- Viability of cells injected can‘t be monitored during follow-up in patients

19



Urethra

Sphincter

Bladder

Vagina/Anus

The Surgical Method

Navigation by Ultrasound
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Functional Mapping of the Urethra by Urodynamics 
to Inject Cells Precisely in the Sphincter 

Urodynamical evaluationApplication in vivo Follow-up by histology

Follow-up by MRI

Incubation 3 wks - 12 months

21
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A

Technical challenges for transurethral injection of cells by 
cystoscope under visual control

22Amend et al. (2016) NAU, 36:1832 DOI 10.1002/nau.23182 



Frequent Loss of Cells Due to
Improper Needle Injection

	

23Amend et al. (2016) NAU, 36:1832 DOI 10.1002/nau.23182 & unpublished results



Cell Injection Strategy: Single Shot vs. Multiple Sides

Wallner et al, Eur Urol 55(4):932-944, 2009

female embryo, 18wks p.g.

male embryo, 12wks p.g.

less invasive, less distribution

more invasive, better distribution
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Cell Injection Strategy: 
Targeting the Rhabdosphincter or the Lissosphincter

Wallner et al, Eur Urol 55(4):932-944, 2009

female embryo, 18wks p.g.

male embryo, 12wks p.g.

target the rhabdosphincter

target the lissosphincter

25

target the connective tissue
improve vascularization



How to Resolve these Issues?

Replace the Injection Needle by a WaterJet Device

- Define the Energy of the Jet (sc. pressure ) 
- Define the Form of the Jet (sc. geometrie)
- Define Optimal Transportation Media

Pressure and Geometry of the Jet will Determine 
the Depth and Distribution of the Cells in the 
Region of Interest

26



WaterJets in our Everyday Life

27



Basics of the WaterJet Technology
in Medicine

Separate layers of tissue along 
density / elasticity borders 

Remove soft tissue, spare 
blood vessels / nerves

28



Experimental Cut in Rodent Brain Tissue
by the WaterJet Technology

Blood vessel  and nerve remain intact 

29



Developing a Multi-Purpose Waterjet Device for both,
Precise Tissue Penetration plus Gentle Cell Transport 

30

a challenge for applied medical technology



Modification of the Jet from Cutting to 
Application of Biomaterials

Narrow jet:
for a precise tissue cut

Wide but flat  jet:
for application / distribution of active
components on tissue surfaces

31



Modification of the Jet from Delivery of 
Biomaterials to Delivery of Viable Cells

Modification of the Spray Fluid
Breeze by Biomaterial

32



Injection of Colored Buffer in the Cadaveric GI 
Epithelium to  Elevate the  Area of Surgery and 

to Protect the Tissue Underneath

m
m
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Injection of Active Components under Visual Control 
on Gastrointestinal Surfaces by an Endoscope-based

Minimal Invasive Technique
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Top view
Injection of a green colored material in

the submucosa (stomach, swine)

Cross-section
Selective enrichment of the injected meterial

in the submucosa (stomach, swine)

Investing Injection of Different Self-Hardening 
Biomaterials for Application in the GI Tract

30



Hypotheses:

We can spray buffers and biomaterials on surfaces 
and beneath tissue layers

i) Can we spray cells as well on surfaces by 
waterjet?

ii) Can we spray/inject cells between layers of 
tissues or in a given tissue?

35



Gelatin – a Clinically Approved Biomaterial
Improves Viability of Cells after WJ Injection
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Injection of HeLa cells with a straight GI WaterJet device
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Investigating Fibrin Glue as Carrier for WaterJet Applications

Viability test of HeLa cells with fibrin glue

HeLa on fibrin glue

HeLa in fibrin glue
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Ergebnisse 
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Abb.18: A LiveDead-Färbung 24, 48 und 72 Stunden nach Applikation der pMSCs in Fibrinkleber mit der ERBEJet 

Technologie. Zu jedem Zeitpunkt wurden drei Stichproben auf ihre Vitalität untersucht. Die pMSCs wurden unter dem 

Mikroskop ausgezählt und anhand des Verhältnisses vitaler zu apoptotischer Zellen die Vitalitätsrate in Prozent errechnet. B 

LiveDead-Färbung nach 96 Stunden post ERBEJet Applikation. Apoptotische Zellen (roter Zellkern) hier im Bild mit einem 

weißen Pfeil markiert, lebende Zellen durch grün fluoreszierenden Corpus dargestellt. C Schema, nach welchem die pMSCs 

kultiviert, geerntet und anschließend gesprüht und gefärbt wurden.  

 

Die Zellen wurden nach dem Sprühen auf ihre Vitalität hin untersucht. Dies geschah nach 

unterschiedlichen Inkubationszeiten von 24, 48, 72 und 96 Stunden. Stichprobenartig 

wurden hierfür die apoptotischen und die vitalen Zellen unter dem Mikroskop ausgezählt 

und eine prozentuale Vitalitätsrate ermittelt (Abb.18). Die Auswertung ergab, dass zu jedem 

gemessenen Zeitpunkt eine Vitalität von deutlich über 80% erreicht wurde. Somit kann 

davon ausgegangen werden, dass im Falle einer klinischen Anwendung sich die Zellen nach 

A B 

C 

Zeitreihe; 24, 48, 72 und 96 Stunden Vitalitätsuntersuchung nach Inkubation 
Long-term Survival and Attachment of Human

Mesenchymal Stromal Cells (MSCs)
upon Injection with Fibrin Glue
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Ergebnisse 

53 
 

 

 

 

 

 

 

 

 

 

Abb.16: A Bei einer Schichthöhe von 2mm Fibrin/Thrombin (umgerechnet 380µl) ist kein erhöhter Zellvitalitätsverlust zu 

verzeichnen. B  Bei einer Schichthöhe von 3mm Fibrin/Thrombin (umgerechnet 570µl) ist kein erhöhter Zellvitalitätsverlust 

erkennbar, jedoch ist aufgrund des verstärkten Streulichts, welcher durch die vergößerte Schichtdicke auftritt, die 

Bildqualität vermindert. Vitalitätsraten mit Schichdicken über 3mm sind daher nur schwer mit dem Mikroskop 

auszuwerten.C Schema der Volumen-Höhe Relation des Fibrinklebers.  

 

Die Analyse der Zellvitalität nach Zugabe von Fibrin ergab im Fall der 2mm Schichtdicke keine 

verringerte Vitalitätsrate. Auch bei höheren Schichtdicken von 3mm konnte eine 

durchgehend physiologische Vitalität der Zellen untersucht werden. Ein Vitalitätsnachweis 

bei größerer Schichtdicke konnte aufgrund der verminderten Bildqualität, induziert durch 

verstärkte Streueffekte, nicht nachgewiesen werden. Da jedoch auch bei in vivo 

Anwendungen eine Schichthöhe von 3mm sehr wahrscheinlich nicht überschritten werden 

lieferten die Färbungen ausreichende Information über die Zellvitalität bei Inkubation mit 

Fibrin/Thrombin.  

 

3.2.2 Optimierung der ERBEJet Einstellungen 
 

Nach diesem anfänglichen, allgemeinem Toxizitätstest mit Fibrin/Thrombin folgten erste 

Sprühversuche mit GFP transgenen Hepatomzellen aus der Ratte. Diese Zellen haben den 

A B C 

Volumen 

2mm 

3mm 

4mm 

Survival of MSCs resuspended in Fibrin Glue 
and Injected in High Layers of Biomaterial
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Injection of Cells in the Submucosal Tissue of the
Female or Male Urethra

40



The Anatomy of the Human Urethra

41



Redesign of the Injection Device to Fit an 
Urological Endoscope

GI Application:

Wide tube
Straight Nozzle
Spray Cells ON Surface:
-> Low Pressure
Spray materials IN Tissue:
-> Elevated Pressure

Urological Application

Narrow tube
Angular Nozzle
Inject Cells IN Tissue
-> Moderately Elevated Pressure

42



Current Injection Device Delivers MSCs with a Higher 
Yield of Viable Cells Compared to the Standard 

William’s Needle
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WaterJet
Prototype

William‘s
Needle (Cook)
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Exploring the WJ injection conditions
in cadaveric tissue samples
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Adaptation of the in vitro Systems to 
Pre-clinical Animal Models of Incontinence

Injection of MSCs
by Needle

Injection of ink
by WaterJet
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Injection of Nanoparticles by Novel WaterJet
in Cadaveric Samples of Porcine Urethra
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Depth of Injection Depends on the Pressure 
Applied During WaterJet Application
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Summary

- Preselection of pressure, volume and transport medium 

facilitates a precise yet gentle delivery of ink, nano- and

microparticles in the submucosa of the urethra

- targetting the mucosa of the sphincter requires pressure

levels above E40

- targetting the musculat layer requires even higher

pressure levels, approx. E60 – E80 
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Investigating Cell Viability upon Waterjet 
Injection at Different Effects / Pressures
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Designing a 2-level Pressure Profile for 
Controlled Cell Injections in Tissues
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Expansion of GFP-expressing HeLa Cells after
Injection in Urethral Sphincter Tissue
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Going in vivo

Collect homologous cells
from male littermates

Expand in vitro
Quality management

Fluorescence label
male cells

Inject in female
littermates

Visualize injected
cells by IVIS

Generate cryosections
from ROI
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Detection of Needle-Injected Cells by 
Immunofluorescence

L. Jäger et al (2020) NAU 39:594 DOI: 10.1002/nau.24261
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Detection of Waterjet-Injected Cells by IVIS and 
Immunofluorescence

L. Jäger et al (2020) NAU 39:594 DOI: 10.1002/nau.24261
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Summary:

The novel WJ technology opend possibilities for fast 
and precise transurethral cell injections. 

The WJ grants equal or better viability of the cells after 
injection and most important:

The WJ yields better distribution in the tissue targeted.



The Animal Model of Stress Urinary Incontinence
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Localization of the Position of the  Bladder-
controlling Muscle in Pigs by Urodynamics
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Developing an Incontinence Model to Investigate
Functional Recovery by Injection of Cells in the Urethra 

in Göttingen Minipigs vs. German Landrace Hybrids
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Results

Transient sphincter deficiency can be established

Efficacy of sphincter deficiency and time period available for 
testing cell therapy should be improved

Efficacy on incontinence induction and kinetics of recovery 
differ significantly between the two porcine races 
investigated

-> this variability of results may contribute to the 
inconsistency reported in the literature as well



Current state of the art and future perspectives:

- Preclinical Study (ADSCs / heathly pig) finished in summer 2019

- Preclinical Study (MPCs / heathly pig) closed in summer 2021

- Current DFG project: 
Use an animal with sphincter deficiency and investigate if cells
regenerate sphincter function after needle injection - and if so -
which cells repair SUI best (ends 2022)

Apply protocols to the new waterjet injection technology
employing pigs with sphincter deficiency
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Combine the SUI Large Animal Model 
with two Cell Injection Protocols

Transurethral Cell Injection by:

Williams Needle

Waterjet Device
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Characterise the Regenerative Cells – ADSCs vs. MPCs -
Prior to Injection

CD14

CD45

FSC

CD44

CD146

CD34

CD29

CD90
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Compare Head-to-Head Sphincter Regeneration
by Porcine Mesenchymal Stromal Cells vs. Myoblasts

in the SUI Animal Model after Needle Injection
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Compare Head-to-Head Sphincter Regeneration
by Porcine Mesenchymal Stromal Cells vs. Myoblasts

in the SUI Animal Model after WJ Injection

DFG grant Ai16/29-1, project starts Oct. 2022
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Preliminary Results

Loss of cells in incontinent pigs upon needle 
injection observed at frequencies comparable to 
healthy animals

ADSCs seem to regenerate in the model applied 
better when comparted to equal amounts of MPCs

Quality of MPCs must be improved to possibly 
facilitate the sphincter regeneration 
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Thanks to my team for their various contributions



Questions?


