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I - 2. Abstract

Introduction and hypothesis

The current status of using synthetic meshes to augment the
effectiveness of reconstructive pelvic surgery for repairing pelvic organ
prolapse (POP) does not meet the clinical expectation due to newly onset
bothersome complications such as vaginal mesh erosion. We
hypothesize it may be beneficial to develop a tissue-engineered
fascia-equivalent ~ with  absorbable  scaffold and  autologous
progenitor/stem cells that can be transplanted during operation and
contribute to tissue regeneration by forming appropriate connective
tissue.

Methods

Human vaginal fibroblasts (HVFs) from 10 patients undergoing
vaginal hysterectomy were characterized in vitro in regard to their cell
morphology, collagen contents, proliferation potential and the occupying
ability of polypropylene mesh on co-culture. Subsequently, we used
eligible HVFs and the absorbable PLGA mesh to fabricate a
fascia-equivalent in vitro and evaluated the histological outcomes after

the subcutaneous transplantation of it in experimental nude mice.



Meanwhile, a controlled implantation of surgical meshes without
cell-seeding was conducted in the same animals for comparison.
Results

The cultured HVFs were classified into groups with either high (n=6)
or low (n=4) cellular collagen I/IIl ratios. HVFs of high ratios
expressed better cell proliferation potential and occupying ability of mesh
on co-culture than those of low ratios, and the difference is statistically
significant (p < 0.05). It took about six weeks for most of HVFs with
high collagen I/IIl ratios to fully occupy the mesh under normal
co-culture condition. However, by using tissue-engineering techniques,
the fabrication time of a HVFs-seeded scaffold with high cellularity could
be shortened to within five days. The subsequent transplantation of the
scaffold resulted in the formation of a well-organized fascia-like tissue
with Dil-labeled HVFs could still be traced up to 12 weeks after. In
contrast, the controlled implantation of surgical meshes without
cell-seeding resulted in inferior outcomes that somehow reflected the
current clinical experience.

Conclusions

We suggest that the analysis of cellular collagen I/III ratios may be a



novel method for identifying HVFs eligible for a potential therapeutic
application. Our findings also support the promise of using

tissue-engineering techniques for treatment of POP in the future.
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Patient Age POP  Surgery Collagen I/Ill  Growth Ratio
stage Ratio

1 40 0 LAVH  122+0.08 9.95+1.20
2 54 0 LAVH  1.25+0.09 8.00+1.10
3 69 3 VTH 0.83 +£0.07 4.85+1.33
4 60 3 VTH 0.33 £0.06 0.97 +£1.01
5 43 2 VTH 1.39 £ 0.05 7.83 +£1.20
6 54 3 VTH 1.18 £ 0.07 10.10 £ 1.50
7 65 3 VTH 1.39 £ 0.06 4.96 + 0.66
8 59 2 VTH 0.44 +0.08 3.85+1.01
9 63 3 VTH 0.63 +£0.05 2.82 +0.66
10 48 0 LAVH 1.10 £ 0.05 6.15+0.55

Mean 55.5+% 2 0.98 £ 0.06 595+ 1.02

3.2

LAVH: Laparoscopically assisted vaginal hysterectomy; VTH: Vaginal

total hysterectomy.
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Part 1I
AR ARt B Firme it me L LY
The fibroblastic differentiation of mesenchymal stem cells derived

from human adipose tissue and umbilical cord
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IT - 2. Abstract

The wuse of artificial biomaterials in pelvic reconstructive and
anti-incontinence surgeries is an evolving field. The proposed advantage
of employing a graft in this situation is that it will optimize surgical
outcome without compromising vaginal capacity or coital function.
Reconstructive surgeries with the reinforcement of an artificial mesh
undergo a complex healing process that is still not fully understood but
may depend heavily on the tolerance of the host. It is believed that when
mesh is implanted into the human body, it acts as a scaffold on which
fibroblast invades and connective tissue grows. In our previous study, to
investigate the interactions between human cells and the implanted
artificial biomaterials, we conducted this experiment to assess the
different behavior of in vitro cultured human vaginal fibroblasts, seeded
on specimens of commercially available surgical meshes.  Cell
morphology, distribution and viability, histology, metabolic activity and
DNA synthesis are assessed in laboratory according to the methods
described by Ng et al. Briefly, after one week of in vitro culture, the
tissue-engineered fascia-equivalent was transplanted subcutaneously on
the back of the experimental nude mice with the concomitant
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implantation of bare PLGA mesh as control study. Two, four, eight and
twelve weeks after transplantation, the grafts were harvested and were
submitted for histological examination. Histological evidences showed
that a neo-fascia formation with well incorporation into the host’s tissue
was noted with the 1mplantation of tissue-engineered vaginal
fascia-equivalent but not with the implantation of bare PLGA mesh. The
previous data of our study suggest that fabrication of tissue-engineered
fascia-equivalent for autologous transplantation is promising for the
augmentation of the effectiveness of pelvic reconstructive surgery.
However, our previous results showed that vaginal fibroblasts harvested
from the majority of patients may not be eligible to be used in the
regenerative process due to a low growth potential and abnormal
metabolic activity. In these situations, mesenchymal stem cells are
envisioned as being an alternative source because therapeutic cloning
offers a potentially limitless source of cells for tissue engineering and cell
therapy applications. The aims of our future study are to try to apply
human ADSCs and UCMSCs based regenerative medicine into the
potential therapy for pelvic floor dysfunction by series of fibroblastic
differentiation experiments. In our preliminary results, induced
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fibroblastic differentiation, the producing ratio of collagen I/III could be
increased in ADSCs and UCMSCs. The data of our study suggest that
induced fibroblastic differentiation of ADSC and UCMSCs for
autologous transplantation is promising for the augmentation of the effect
of pelvic reconstructive surgery. Moreover, a comparison between adult
stem cells (ADSCs) and fetal stem cells (UCMSCs) is also critical to
understand the difference that may present in the differentiation of
fibroblast components, In the future, we may have the ability to engineer
human vaginal tissues in vitro and in vivo. Autologous transplantation

can be applied in patients who need reconstructive pelvic surgery.
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Bl- (& @ sinfeBf Lee etal.® & 8 7 [10])

Fibroblastic differentiation of hMSCs
(Corf Proc TEEE Tryg Med Fivt Soc. 200617758}

hMSCs are cultured in DMEM supplemented with 10% FBS and 1% antibiotics

l

Upon near confluence, cells are treated with DMEM supplemented with
100 ngfml CTGF and 50 pgfml ascorbic acid

The medium is replaced every 34 days

.

The markers (collagen type I, lll, elastin, and tenascin-C)
of fibroblasts are assayed after 24 weeks.

CTGF {connective tissue growth factor)
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Increased collagen /11l ratios after fibroblastic
differentiation

Fibroblastic-induced ADSCs

wkO0 wk1 wk2 wk3 wk4

Collagen |

Collagen Il
GAPDH

Collagen type l/lll ratio 1 1.11 1.16 1.52 1.82




ADSCs UCMSCs
Mass of Number of . Mass of Number of :
No. harvested  adherent cells YCZE ?fg’\eg)e/gt harvested  adherent cells \ggli ??Qfg;gt
tissue (g) (105) tissue (g) (10"5)
1 8.14 6.87 0.84 19.40 0.92 0.05
2 5.93 4.89 0.82 26.90 0.31 0.01
3 6.13 2.85 0.46 10.00 0.21 0.02
4 4.53 4.35 0.96 27.20 0.35 0.01
5 4.90 552 1.13 31.80 0.37 0.01
6 3.20 2.53 0.79 20.00 0.69 0.03
Average 547 4.50 0.83 22.55 0.48 0.02
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Part I
P kRN B iz 2 0 R A REE A L HET Y
The insulin-producing-cell (IPC) differentiation study of
mesenchymal stem cells derived from

human adipose tissue and umbilical cord
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IIT- 2. Abstract

Diabetes mellitus is a huge burden for several countries. No matter
type I or type II diabetes, the insufficient of insulin causes the
dysfunction of regulating blood sugar and leads to hypoinsulinemia and
life threatening ketoacidosis. Until now, no effective treatment to cure
diabetes and most diabetic patients still need to rely on the long-term
injection of insulin. Recently, the differentiation potentials of human
adipose derived stromal cells (hADSCs) and human umbilical cord
derived mesenchymal stem cells (hUCMSCs) give rise to a new hope of
diabetes treatment. In our studies, hADSCs and hUCMSCs showed
several characteristics of MSCs included spindle attachable morphology,
immunophenotype of MSCs, and potential of tri-lineage differentiation.
Both stem cells were able to differentiate into insulin producing cells
(IPCs) and formed islet-like clusters on poly-D-lysine coated glasses with
the same induction medium. In the results of inmmunofluorescence,
several pancreatic endocrine markers were expressed in mature islet-like
clusters (PDX1, NKX2.2, ISL1, and Ngn3) and final products, insulin
and glucagon, were also produced. The ELISA results showed that high
concentration glucose were able to stimulate mature islet-like clusters to
secrete insulin in vitro functional assay. In contrast, on fibronectin and
collagen type I coated glasses, no islet-like clusters were formed and
PDX1, and NKX2.2 were not expressed. Final products also were not
able to be detected after complete induction processes. In function test,
IPCs were able to response to glucose concentration in vitro and reduced

about 15% blood glucose concentration in the STZ rat. Taken all, hADScs
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and hUCMSCs were differentiated into islet-like cells and function in
STZ rat. In this study, we are going to improve and short induction
processes to acquire sufficient and healthy IPCs. Thus, we also expect to
reduce blood glucose concentration of STZ rat to reach normal level.
Moreover, to investigate new transplantation site, such as subcutaneous

and omentum on STZ nude mice is also critical in our further study.
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