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Autologous tissue patch rich in stem cells created in the
subcutaneous tissue
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Abstract

AIM: To investigate whether we could create natural
autologous tissue patches in the subcutaneous space
for organ repair.

METHODS: We implanted the following three types
of inert foreign bodies in the subcutaneous tissue of
rats to produce autologous tissue patches of different
geometries: (1) a large-sized polyvinyl tube (L = 25
mm, internal diameter = 7 mm) sealed at both ends
by heat application for obtaining a large flat piece of
tissue patch for organ repair; (2) a fine polyvinyl tubing
(L = 25 mm, internal diameter = 3 mm) for creating
cylindrically shaped grafts for vascular or nerve repair;
and (3) a slurry of polydextran particle gel for inducing
a bladder-like tissue. Implantation of inert materials was
carried out by making a small incision on one or either
side of the thoracic-lumbar region of rats. Subcutaneous
pockets were created by blunt dissection around the
incision into which the inert bodies were inserted (1 or
2 per rat). The incisions were closed with silk sutures,
and the animals were allowed to recover. In case
of the polydextran gel slurry 5 mL of the slurry was
injected in the subcutaneous space using an 18 gauge
needle. After implanting the foreign bodies a newly
regenerated encapsulating tissue developed around the
foreign bodies. The tissues were harvested after 4-42
d of implantation and studied by gross examination,
histology, and histochemistry for organization, vascu-
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larity, and presence of mesenchymal stem cells (MSCs)
(CD271+CD34+ cells).

RESULTS: Implanting a large cylindrically shaped
polyvinyl tube resulted in a large flat sheet of tissue that
could be tailored to a specific size and shape for use as
a tissue patch for repairing large organs. Implanting a
smaller sized polyvinyl tube yielded a cylindrical tissue
that could be useful for repairing nerves and blood
vessels. This type of patch could be obtained in different
lengths by varying the length of the implanted tube.
Implanting a suspension of inert polydextran suspension
gave rise to a bladder-like tissue that could be pot-
entially used for repairing heart valves. Histologically,
the three different types of tissue patches generated
were organized similarly, consisting of three layers,
increasing in thickness until day 14. The inner layer in
contact with the inert material was avascular; a middle
layer that was highly vascular and filled with matrix,
and an outer layer consisting of loose connective tissue.
MSCs identified as CD271+CD34+ cells were present in
the medial layer and around major blood vessels at day
4 but absent at later time points. The early-harvested
tissues, endowed with MSCs, could be used for tissue
repair, while the later-harvested tissues, being less
vascular but thicker and tougher, could be used as filler
tissue for cosmetic purposes.

CONCLUSION: An autologous, vascularized tissue
patch of desired shape and size can be created in the
subcutaneous space by implanting different types of
inert bodies.

Key words: Autologous tissue patch; Foreign body;
Subcutaneous implantation; Mesenchymal stem cells;
CD271; CD34

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: While much progress has been made in man-
made tissue patches for organ repair, their clinical
success has been bogged down by their inability
to get promptly vascularized /n vivo. We describe a
methodology for creating tissue patches of several
possible shapes/sizes in the subcutaneous tissue utilizing
the foreign body reaction. These patches are endowed
with a rich capillary network, abundant mesenchymal
stem cells, and other accessory cells that support the
viability of the tissue. Such /n vivo generated patches
for tissue repair promise to be safer, more readily
vascularized, and stable for longer period in the body.
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subcutaneous tissue. World J Stem Cells 2015; 7(8): 1127-1136
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INTRODUCTION

There is an unmet need to develop biocompatible
tissue patches for repair of various diseased organs
such as ischemic heart, large open wounds, vascular
defects, damaged nerves and many others. Much
progress has been made in creating engineered tissue
patches using polymer scaffolds (which mimic tissue
matrix) or processed xenogeneic biomaterials seeded
with functional cells, endothelial cells, paracrine growth
factors, and fetal or adult stem cells™, The complexity
of these constructs is necessitated by the need to have
an immediate blood supply to the patch for survival of
the seeded endothelial and functional cells. A myriad of
growth factors (from stem cells) should also be available
in the patch to rapidly form the new vasculature that
would connect with the host blood vessels. Despite
such advances the constructs have proven to be sub-
optimal in performance. There is the problem of core
degradation of the construct and the lack of integration
of the seeded functional cells with the host tissue cells,
probably arising from lack of adequate blood supply in
the construct’®®, The failing patches could occasionally
end up being a source of dying cells and thus causing
adverse reactions rather than benefit. A multitude of
accessory supporting cells other than endothelial cells
are needed to form the desired new blood vessels
and maintain the integrity of an avascular patch®',
Because many of these cells are not readily available
and several others remain unknown, these patches
remain poorly perfused in vivo. A natural autologous
tissue patch containing stem cells, other supporting
cells, and more importantly, a functional vasculature,
would be a good solution to the problem.

We present here a methodology for creating tissue
patches in the subcutaneous space of different shapes
and sizes that are richly endowed with mesenchymal
stem cells (MSCs), microvessels and interstitial cells.
The principle behind the technique is to implant an
inert material in the subcutaneous space which elicits
a “foreign-body reaction” leading to the formation of a
highly vascular, newly regenerated tissue surrounding
the foreign body. Using this approach we have created
vascularized tissue patches of various shapes and
identified the time after implantation when the MSC
population is highest in the new tissue for the purpose
of using them as grafts for tissue repair.

MATERIALS AND METHODS

Preparation of inert materials for subcutaneous
implantation

The following types of inert materials were implanted
in the rat subcutaneous space: (1) large-sized
polyvinyl tube (Polyvinyl chloride 180; Nalgene Nunc
International, Rochester, New York) (L = 25 mm,
internal diameter = 7 mm) sealed at both ends by heat
application for obtaining a large flat piece of tissue patch
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Figure 1 Gross appearance of tissue patch obtained by implanting a
large-sized polyvinyl tube (L = 25 mm; ID = 7 mm) in the subcutaneous
space of a rat and extracted after 4 d. The implant was completely encap-
sulated by a de novo tissue (A) after tissue that could be conveniently stripped
off the implant to obtain a flat piece of tissue patch (B) after patch. Note the
high vascularity of the encapsulating tissue.

for organ repair (Figure 1); (2) fine polyvinyl tubing
(L = 25 mm, internal diameter = 3 mm) for creating
cylindrically shaped grafts for vascular or nerve repair
(Figure 2); and (3) a slurry of polydextran particle gel
for inducing a bladder-like tissue. Polyvinyl chloride after
polyvinyl bodies were sterilized by immersing them in
70% ethanol, then washed vigorously with sterile saline
and air-dried before implantation in the rat. Polydextran
slurry was made from Sephadex-25 (course; particle
size 100-300 um diameter; General Electric Healthcare
Bio-Sciences, Pittsburgh, Pennsylvania, United States).
The polydextran particles were pre-swollen in water and
sterilized by suspending them in 70% ethanol for 2-3 h
followed by removal of ethanol and re-suspension in 10
volumes of sterile saline. After allowing the particles to
re-swell for several days in sterile saline, excess saline
was removed and the slurry adjusted to a particle:
saline ratio of 1:1 (vol/vol) for use.

Surgical placement of the inert materials in rats

All the animal experiments were reviewed and
approved by the Institutional Animal Care and Use
Committee of the John H. Stroger, Jr. Hospital of Cook
County. The animal protocol was designed to minimize
pain or discomfort to the animals. The animals were
acclimatized to the laboratory conditions for 2 wk prior
to experimentation and given food and water ad libitum.
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Figure 2 Gross appearance of the tissue patch obtained by implanting a
fine polyvinyl tube (L = 25 mm; ID = 3 mm) in the subcutaneous space of
a rat after 4 d. A: Shows the construction of the polyvinyl tube; B: Shows the
de novo tissue encapsulating the fine polyvinyl tube implant. The tissue could
be gently slipped off the tube for creating a cylindrically shaped graft for tissue
repair. Note the high vascularity of the tissue in (B). ID: Internal diameter.

All animals were euthanized by barbiturate overdose
(150 mg/kg body weight pentobarbital).

Sprague-Dawley males rats (250-300 g) were
anesthetized with intraperitoneal sodium nembutal
(5 mg/100 g wt) and their thoracic-lumbar region
was shaved and cleaned with alcohol/povidone. For
implantation of inert materials a small incision was
made on one or either side of the region. Subcutaneous
pockets were created by blunt dissection around the
incision into which the inert materials were inserted (1
or 2 per rat). The incisions were closed with silk sutures,
and the animals were allowed to recover. In case of the
polydextran gel slurry 5 mL of the slurry was injected in
the subcutaneous space using an 18 gauge needle.

Rats were sacrificed at day 4, 7, 14, 21, 35 and 42
after implantation of the three types of inert materials (n
= 3 rats at each time point for large and fine polyvinyl
tube and n = 2 at each time point for polydextran; total
rats used = 48).

Harvesting and processing of the subcutaneous tissue
patch for gross and histological examination

At day 4, 7, 14, 21, 35 and 42 after placement in the
subcutaneous space the inert bodies were harvested
aseptically. The tissue encapsulating the materials was
removed according to the type of tissue required. For
obtaining a flat piece of tissue, the tissue encapsulating
the large polyvinyl tube was removed by cutting
along the length of the tube as shown in Figure 1. For
obtaining a cylindrical tissue as for a vascular graft, the
encapsulating tissue from the finer polyvinyl tube was
gently slipped off the tube as shown in Figure 2. The
bladder-like tissue from the polydextran slurry injected
rats was separated from the adhering connective tissue
using blunt dissection (Figure 3).

For histological examination samples of the three
tissues were fixed in 4% para-formaldehyde for 24
h with vigorous shaking. The fixed tissues were then
paraffin embedded in the manner that the inner and

September 26, 2015 | Volume 7 | Issue 8 |



Garcia-Gomez I ef a/. Stem cell patch from skin

Figure 3 Bladder-like de novo tissue obtained 14 d after injecting a
slurry of poldextran gel particles in the subcutaneous space of a rat. A:
The bladder-like tissue enclosed the injected gel particles; B: By piercing the
balloon-like tissue the polydextran particles could be removed from the tissue to
deflate the bladder. The tissue could then be used in a variety of ways including
as a cusp for cardiac valve repair after cutting it appropriately to the required
curvature.

outer aspects of the tissues were histologically reco-
gnizable. Approximately 5 um thick sections were
obtained on glass slides for routine histological staining
(trichrome) and histochemistry described below.

Histochemical staining

Indirect immunofluorescence, double immunofluoresce-
nce or immune-phosphatase techniques were performed
on 4-6 um thickness sections of paraffin embedded
tissue patches. Sections were deparaffinized before
staining.

For indirect immunofluorescence, the sections were
treated with citrate buffer (pH = 6) at 100 ‘C for 10
min for antigen retrieval followed by 10 min incubation
with sodium borohydride (4 mg/mL) to minimize
auto-fluorescence. Sections were incubated with the
primary antibody (mouse anti-proliferating cell nuclear
antigen (PCNA) (Millipore, Temecula, CA) or mouse
anti- g-smooth muscle actin (o-SMA) (Sigma, Saint
Louis, MO) at 4 'C overnight. Next day the sections
were incubated for 1 h at room temperature with
the appropriate secondary antibody [anti-mouse IgG
linked to Alexa Fluor 633 (Invitrogen, Eugen, OR)] and
mounted with Prolong Gold anti-fade reagent containing
4',6-diamidino-2-phenylindole (DAPI) to counterstain
nuclei with blue fluorescence (Invitrogen, Eugen, OR).

For double immunofluorescence, the protocol fol-
lowed was as described above with the difference
that the overnight incubation was with both primary
antibodies [goat anti-CD34 (R and D, Minneapolis, MN)
and mouse the anti-CD271 (Abcam, Cambridge, MA)]
at the same time. Next day, the sections were incubated
with the secondary antibodies [anti-mouse IgG linked
to Alexa Fluor 633 and also anti-goat IgG linked to
Alexa Fluor 488 (Invitrogen, Eugen, OR)] at the same
time for 1 h at room temperature followed by mounting
with Prolong Gold anti-fade reagent containing DAPI
(Invitrogen, Eugen, OR).
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For immune-phosphatase, the sections were treated
with 75 mmol/L borate buffer (pH = 10.0) at 121 °C for
10 min for antigen retrieval. Sections were incubation
with goat anti-collagen type IV (Southern Biotechnology
Associates, Birmingham, AL) overnight, followed by
incubation with corresponding alkaline phosphatase
conjugated secondary antibody. The reaction was
detected with alkaline phophatase substrate (red) (Vector
Laboratories Burlingham, CA) and finally mounted in 1:1
water: glycerol solution.

Negative controls consisted of sections in which
the primary antibodies were omitted. All slides were
examined and digitally photographed using a fluorescent/
optical microscope (Nikon, New York, NY). Merge panels
for immunofluorescence and double immunofluorescence
were performed with Adobe Photoshop CS6 software
(Adobe Systems, San Jose, CA).

RESULTS

Tissue patches obtained after implanting various inert
materials in the subcutaneous space

When a large-sized polyvinyl tube implant was placed
in the subcutaneous space and extracted after 4 d,
the implant was completely encapsulated by a de
novo tissue (Figure 1A). The de novo tissue could be
conveniently stripped off the implant as shown in Figure
1B to obtain a flat piece of tissue patch. The patch could
be tailored to the size and shape required. The size of
the flat tissue patch depended on the size of the original
inert material implanted, as long as the size and shape
of the implant conformed to the available subcutaneous
space.

A cylindrically shaped tissue patch could be obtained
by implanting a fine polyvinyl tubing (Figure 2A) and
removing the cylindrical tissue by slipping off the
tissue from the implant like removing a “sock” (Figure
2B). This type of patch could be obtained in different
lengths by varying the length of the implanted tube (not
shown).

Injecting a slurry of poldextran gel particles in the
subcutaneous space induced an unusual tissue patch in
the form of a sealed bladder or pouch. While the day 4-7
bladder tissues were too delicate to handle, the day 14
tissue was strong enough to be obtained as an integral
bladder (Figure 3A). The bladder-like tissue enclosed
the injected gel particles. By piercing the balloon-like
tissue the polydextran particles could be removed from
the tissue to deflate the bladder (Figure 3B). The tissue
could potentially be used in a variety of ways including
as a cusp of a required curvature for repair of solid
tissues or heart valves.

Gross appearance and histology of the de novo tissue
surrounding the inert material

All the three types of tissue showed similar histology
with regard to the inner and outer aspect of the tissue.
The inner aspect of the tissue represented the surface
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Figure 4 Histology of the de novo tissue patch at various times after
implantation of the inert body in the subcutaneous space (trichrome
stained). Black arrows show the inner aspect of the tissue in contact with
the inert body. A: The tissue at day 4 showed an inner layer consisting of one
or two-cell thick mononuclear cells but devoid of blood vessels. The medial
layer was 4-6 cell thick and contained microvessels (red arrows) and fibrous
matrix (blue stain). The outer layer consisted of loose connective tissue; B:
At day 7-14 the tissue was histologically better organized into inner, medial
and outer layers. The inner layer in contact with the inert material was thicker,
consisted of mononuclear cells but devoid of extracellular matrix and blood
vessels. The medial layer was thicker than at day 4, consisting of fibroblastic
cells, rich network of microvessels (shown in Figure 5) and extracellular
matrix. The outer layer remained loose but contained large blood vessels
(white arrows); C: Between day 35-42 the granulation tissue appeared slightly
thicker and more compact than day 7-14 tissue with the inner layer becoming
less distinguished than at day 7-14 and merging with the medial layer. Also,
this layer showed reduced number of blood vessels and increased amounts
of extracellular matrix arranged in parallel sheets. The outer layer remained
unchanged.

in contact with the inert material and the outer aspect
represented the surface away from the inert material
and in contact with the surrounding connective tissue.
We have chosen to describe the histology of the
tissue obtained from the large-sized polyvinyl tube as
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Figure 5 Vascularity of the medial layer of the subcutaneous tissue patch
14 d after implantation of the inert body. Microvessels were revealed by
immune-staining for collagen type IV, shown earlier to stain newly formed blood
vessels™. Green arrows point to the inside aspect of the tissue patch in contact
with the inert body. Note the absence of blood vessels in the inner layer.

representative of all others.

Implanting any of the three types of inert material in
the subcutaneous tissue induced a de novo tissue which
completely surrounded the foreign body as a capsule
by day 4. The tissue at day 4 grossly appeared thin and
filmy but well vascularized (Figure 4A). The inner layer
consisted of one or two-cell thick mononuclear cells
(20-40 um) but devoid of blood vessels. The medial
layer was 4-6 cell thick (100-150 um) and contained
microvessels and fibrous matrix. The outer layer
(300-400 pm) consisted of loose connective tissue.

At day 7-14 the de novo tissue appeared thicker and
stronger than at day 4 and histologically better orga-
nized into inner, medial and outer layers (Figure 4B).
The inner layer in contact with the inert material was
approx. 100 um thick, consisted of mononuclear cells
but devoid of extracellular matrix and blood vessels.
The medial layer was thicker (200-300 pum), consisting
of fibroblastic cells, rich network of microvessels and
extracellular matrix. The outer layer remained loose
but contained large blood vessels. The high vascularity
of the medial layer at this time point is shown in Figure
5 by immune-staining sections for collagen type 1V,
shown in our previous study to reveal newly formed
blood vessels!*?.,

Between day 35-42 the granulation tissue appeared
slightly thicker than day 7-14 tissue but was tougher
and more fibrous to touch. Histologically this tissue
appeared more compact with the inner layer becoming
less distinguished than at day 7-14 and merging with
the medial layer. Also, this layer showed reduced
number of blood vessels and increased amounts of
extracellular matrix arranged in parallel sheets. The
outer layer remained unchanged (Figure 4C).

Proliferating layer and myofibroblasts in the de novo
tissue patch

Because the tissue patch was found to be a dynamic
tissue between day 4-42 after implantation of the inert
body, it was important to determine the growing edge
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Day 4

Day 7-14

Day 35-42

Figure 6 Tissue patch at various times immune-stained for proliferating
cell nuclear antigen to determine the proliferating edge of the tissue. We
found that the patch was a continually growing tissue with the inner aspect
(side in contact with the inert body shown by yellow arrows) and the medial
layer staining positive for PCNA (red) at all times tested (A: Day 4; B: Day 7-14;
C: Day 35-42), suggesting that the patch was growing from inside to outside.
Sections were counterstained with DAPI to counterstain nuclei blue. PCNA:
Proliferating cell nuclear antigen; DAPI: 4',6-diamidino-2-phenylindole.

of the tissue. The tissues were immune- stained for
PCNA to identify the proliferating cells in the patch. We
found that the patch was a continually growing tissue
with the inner aspect (side in contact with the inert
body) and the medial layer staining positive for PCNA
at all times tested (Figure 6), suggesting that the patch
was growing from inside to outside.

The tissues were immune-stained for g-SMA, a
marker of myofibroblasts, to identify the source and
organization of the fibrous material identified in the
medial layer of the tissue patch. At day 4-7, o.-SMA was
found to be associated with blood vessels as expected,
but little extracellular o.-SMA was observed at these
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times (Figure 7). At later time points there was more
and more of ¢-SMA observed in the extracellular areas
(not shown), which by day 35-42 had stratified and
compacted itself in parallel to the length of the implants
(Figure 7), consistent with the tissue being tougher and
fibrous to touch.

Location of MSCs in the de novo tissue

It has been recently recognized that CD34+CD271+
cells mark the presence of MSCs in a tissue™®*”. Tissue
patches from days 4-42 were immune-stained for
CD34 and CD271 to identify the location of MSCs. We
found that MSCs were clearly identifiable in the stroma
of the medial layer of the tissue patch at day 4 after
the implantation of the inert body but rarely seen at
day 7 or after (Figure 8). Also, MSCs were found to be
concentrated in the vicinity of major blood vessels in the
medial layer at day 4 but never at day 7 or after (Figure
9).

DISCUSSION

We demonstrate that the subcutaneous space is an
effective and convenient compartment to create an
autologous tissue patch of desired shape and size for
the purpose of repairing organs or tissues. By impl-
anting inert material of different shapes and sizes we
obtained newly regenerated tissues of corresponding
shapes and sizes containing abundant blood vessels,
multitude of other functional cells, and importantly, also
MSCs in a matter of 4 d. These early-harvested tissues,
which were highly vascular and abundant in MSCs,
could potentially be used for tissue repair. When the
de novo tissues were allowed to grow for longer times
the tissues obtained were less vascular but thicker and
tougher. Such tissues could be applied for structural
support or as a filler tissue for cosmetic purposes.

There are several advantages of using subcutaneous
tissue patches as described in this report compared
to patches made of synthetic materials and seeded
with cultured cells™™. First and foremost is the autolo-
gous nature of the subcutaneous patch which can be
created in the patient’s own body. Clearly, such patches
will be safer because they will be better tolerated
immunologically in the patient body than patches made
from xenogenic or synthetic materials®, Second, the
subcutaneous patches will have a ready-made vascular
system for the perfusion of blood though the entire body
of the patch. Man-made patches have the problem of
core degeneration because of lack of vascularity which
results in patch failure and the possibility of adverse
reactions because of necrotic foci in the patch. Thirdly,
these in vivo created patches contain other important
accessory cells including interstitial cells which create
matrix to provide body and integrity to the patch, and
pericytes which provide support to the developing blood
vessels during their integration with the host blood
vessels.
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Day 4-7

Day 34-42

Figure 7 Tissue patch at various times immune-stained for a-smooth muscle antigen to determine the organization of the extracellular matrix in the patch.
At day 4-7, a-SMA was found to be associated with blood vessels as expected, but little extracellular o-SMA was observed at these times. At later time points there
was more and more of a-SMA observed in the extracellular areas (not shown), which by day 35-42 had stratified and compacted itself in parallel to the length of the
implant, consistent with the tissue being tougher and fibrous to touch. Sections were counterstained with DAPI to counterstain nuclei blue. Side in contact with the

inert body is shown by yellow arrows. a-SMA: a-smooth muscle antigen; DAPI: 4',6-diamidino-2-phenylindole.

CD271

Day 4

Day 7

CD34 MERGE

Figure 8 Localization of mesenchymal stem cells in the de novo tissue patch induced in the subcutaneous space by an inert body. CD271 cells were immune-
stained by a red fluorescent probe, CD34 cells by a green fluorescent probe and all nuclei (counterstained in the merge picture only) by DAPI. MSCs identified as
CD271+CD34+ were clearly identified in the medial layer of the tissue patch at day 4 after the implantation of the inert body (white arrows in the merged picture), but

rarely seen at day 7 or after. Light blue arrows indicate the inner aspect of the tissue patch. MSCs: Mesenchymal stem cells; DAPI: 4',6-diamidino-2-phenylindole.

The efficacy of autologously created in vivo patches
in repairing functional organs is highlighted by the
omentum which, either as an attached (with vascular
connection intact) or detached tissue (severed vascular
connection), has proven to be successful in repairing
ischemic heart, spinal cord, and bony fractures®®”!, More
recently, we showed that the omentum is capable of
being activated to a state in which its content of MSCs
and blood vessels become several fold higher'*?%, In
this state it could be used for regenerating endocrine
damaged pancreas, liver and kidney™ 2" Notwithstan-
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ding the utility of the activated omentum in regenerating
tissues, its use has been greatly restricted by the
difficulty of obtaining the tissue from the abdominal
cavity which necessitates laparotomy, a risky surgical
procedure. A similar patch created in the subcutaneous
tissue, as described here, is clearly less risky to the
patient.

The presence of an intact and functional vascular
system in a tissue implant is clearly a factor which
favors its success in vivo with respect to survival and
integration with the host tissue. Consistent with this
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CD 271

MERGE

Figure 9 Localization of mesenchymal stem cells in the vicinity of major
vessels at day 4 after implantation of an inert body in the subcutaneous
space. MSCs, identified as CD34+CD271+ cells (white arrows in the merge
picture), were found to be concentrated in the vicinity of major blood vessels
in the medial layer at day 4 but never at day 7 or after (not shown). The merge
section was counterstained with DAPI to counterstain nuclei blue. MSCs:
Mesenchymal stem cells; DAPI: 4',6-diamidino-2-phenylindole.

premise, pre-vascularized man-made tissue patches
for later implantation have proven to be longer-lasting
than un-prevascularized patches®*’!, Because of the
preformed capillary network in such constructs, whether
created in vitro or in vivo, they were able to anastamose
with the host vasculature and thereby perfuse the
construct promptly after in vivo implantation%%3%3!,
The strategies used for prevascularization of synthetic
scaffolds involve the sandwiching of pro-endothelial cells
and myoblasts on the scaffolds which are subsequently
placed in tissue culture, resulting in capillary network
formation®. Another alternative is to pre-implant the
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construct on the omentum or in the renal pouch™®>",
a tissue known to induce angiogenesis in tissue grafts,
resulting in a rich network of capillaries penetrating the
construct. However, there are drawbacks to these appro-
aches which need to be overcome for better outcomes:
(1) the technology to create such capillary network in
vitro is labor intensive, expensive, and difficult in terms
of controlling quality; (2) pre-implanting the construct on
the omentum (or renal pouch) for pre-vascularization,
is unsafe due to the risk of infections by the surgical
procedures required, as mentioned above; and (3) such
patches have yet the potential problem of safety because
of the use of allogeneic cells and materials for their
production. In light of the above considerations a tissue
patch created in the subcutaneous tissue overcomes
many of the problems inherent in man-made patches.

The finding of MSCs in the subcutaneous patch we
describe herein is not surprising considering that the
patch is a newly regenerated tissue and must involve
such cells to create an organized tissue. Earlier we had
shown that the subcutaneous patch also contained cells
which expressed CXC chemokine receptor 4 (CXCR4),
the receptor for stromal cell derived factor-1 (SDF-1),
a protein which is released by injured tissues™™. The
presence of CXCR4 has been considered to be a stem
cell marker based on the rationale that an injured
tissue releasing SDF-1 would attract the CXCR4 bearing
bone marrow cells for repair. One outstanding problem
in the field of MSCs is the lack of validated markers
to identify them, especially in an intact tissue. While
many cell markers in blood cells have been described
as representing MSCs there is a dearth of knowledge
on such markers to identify MSCs in a solid tissue. We
therefore believe there may be many other cell-specific
stem cells in addition to the CD34+CD271+ we found in
this tissue.

In summary, we demonstrate here that it is conve-
nient to create a tissue patch of preferred shape and
size in the subcutaneous space. A patch created in
the subcutaneous tissue was highly vascularized, and
contained MSCs and other accessory cells, which should
endow it with the ability to successfully graft to an
injured tissue and augment its healing.
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OMMENTS

Background
Despite much progress in the development of engineered tissue patches for
organ repair these constructs often fail from lack of adequate blood supply. A
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natural autologous tissue patch containing a functional vasculature and stem
cells would overcome such problems. The authors created such autologous
tissue patches of different geometries by implanting three types of inert foreign
bodies in the subcutaneous tissue of rats.

Research frontiers

There is an unmet need to develop biocompatible tissue patches for repair of
various diseased organs such as ischemic heart, large open wounds, vascular
defects, damaged nerves and many others. Much progress has been made
in creating engineered tissue patches using polymer scaffolds or processed
xenogeneic biomaterials seeded with functional cells, endothelial cells,
paracrine growth factors, and fetal or adult stem cells. Despite such advances
the constructs have proven to be sub-optimal in performance. There is the
problem of core degradation of the construct and the lack of integration of the
seeded functional cells with the host tissue cells, probably arising from lack
of adequate blood supply in the construct. A natural autologous tissue patch
containing stem cells, other supporting cells, and more importantly, a functional
vasculature, would be a good solution to the problem.

Innovations and breakthroughs

The authors demonstrate in this manuscript that it is possible to create an
autologous tissue patch of preferred shape and size in the subcutaneous
space. A patch created in the subcutaneous tissue is highly vascularized,
contains mesenchymal stem cells (MSCs), and other accessory cells, which
should endow it with the ability to successfully graft to an injured tissue and
augment its healing.

Applications

Availability of an autologous tissue patch containing MSCs, as described
herein, will open up the possibility of repairing diseased or injured organs of
patients in a safe and effective manner.

Terminology

Although creating man-made patches for tissue repair have been described,
they contain synthetic materials and cells grown outside the body, which
make such patches bio-incompatible and unsafe for implanting in patients.
An autologous tissue patch on the other hand is one which is created in the
patient itself making them completely bio-compatible and safer to use in the
patient. A synthetic or natural tissue patch implanted in the patient's body must
be sustained by blood. If the patch lacks built-in blood vessels the patch will
quickly die and fail. On the other hand if the patch already has blood vessels in
it (functional vasculature) it has a better chance of survival and functionality.

Peer-review

Authors reported their successful challenge to create a vascularized, ready-
to-use patch by an extremely feasible method of subcutaneous implantation
of polyvinyl tubes. Their technique will contribute to therapeutic development
for the treatment of acute tissue injures. The only one regrettable point is that
they did not present a case where the implanted patch eventually improved the
repair of injured tissues. It is best for the authors to prove the efficacy of their
patches in their future works.
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