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Kosei Kaken first vear report 2005-2006

I. SUMMARY

Previous year’s result

Human epidermal keratinocytes and dermal fibroblasts were cultured on variously
sized (range 3-20 pm) porous poly-calprolactone membranes (from now on, referred
to as honeycomb membranes, HCMs). We examined the effects of growing the
monocultures on these membranes. Cultures were finally maintained under high
calcium conditions and were compared with similar cells grown on flat (pore-less)
polymer and glass substrates. Cell growth rates, adhesion, migration and basic
morphology were examined using confocal laser scanning microscopy. Cell
ultrastructure was subsequently examined using scanning and transmission electron
microscopy. Human keratinocytes and fibroblasts attached to all porous membranes.
Furthermore, the small-pore (3 um) membranes provided the best surface on which
cells could most effectively attach, adhere, divide and mature. In addition, cells were
prevented from undergoing transmembrane migration (to the opposing membrane
surface) by the 3 um porous membrane. Larger pores (>5 pm) allowed limited
transmembrane migration of keratinocytes and particularly fibroblasts to the opposite
side of the membrane. Subsequently, the rapid fibroblasts mitotic replication rate
(greater than for keratinocytes) allowed these cells to predominate on both sides of the
HCM. Our data show that both keratinocytes and fibroblasts can attach and grow on
honeycomb membranes. However, keratinocytes, the most discerning of the two cell
types attached and grew best on the 3 um pore membranes due in part to the greater
pores numbers surface area and length of pore edge, allowing better cell attachment
and a larger surface area over which cells could adhere. The small pore size also
inhibits cells from crossing the membrane while, at the same time allowing them to
maximize cell adhesion and some matrix communication together with diffusion of
soluble nutrients/factors from the wound bed. Our ultrastructural and
immunohistochemical data suggest that hemidesmosome formation not essential for
keratinocyte adhesion to HCMs whatever the pore size. Immunostaining has revealed
the presence of fibronectin and limited amounts of type I collagen but no other
extracellular matrix molecules at the cell-HCM surface, in addition to certain cell

associated focal contact proteins. As a final preliminary experiment, we have



determined that flat pore less PCL film and small pore membranes without the
addition of any cells can be successfully transplanted onto the wounded back skin of
model mice and that these wounds can adequately and normally heal. These
characteristics are important in developing graft technologies, for use in the treatment

of human skin wounds.

Next year’s plan:

A. Aims
1.To gain a better understanding of the precise cell-HCM substrate interactions in
vitro including transmigration of cell through the HCM pores.
2. To evaluate the spatial relationship between cell-HCM interactions and the
substrate pores in vitro.
3.To evaluate the basic HCM-host cell interactions in wounded model mice.
4. Determine the efficacy of using different cell/HCM combinations for graft
transplantation into model mice wounds.
5.1dentify the cytokines critical for allowing keratinocyte migration over the HCM
to enhance wound healing.
6.Identify the critical cytokines responsible for aiding wound healing either by
enhancing host cell responses or by manipulating graft cells to increase the speed of
wound closure.
7. Determine if the HCM exhibits any other scientifically or commercially useful
properties important in the skin bioengineering field, for example filtering of
specific cell types, cell trapping or isolating capability.
8. Comparison of the surface characteristics of normal human dermis (using both
intact and split skin) to enable better replication of the surface features found in
human dermis on the surface of the HCM by coating with layers of native and

synthetic proteins.

B. Materials and Methods

1) Investigate why smaller pore (3 and 5 pm) honeycomb membranes (HCM)
show the best rates of keratinocyte cell grow but fibroblast growth rates are

not affected by pore size. Our efforts in this respect are have involved



2)

3)

4)

assessing the expression of important matrix proteins (fibronectin and
collagens) and focal contact proteins (including kindlin-1) using real time
reverse transcriptase polymerase chain reaction (PCR) and
immunohistochemistry. Preliminary results suggest that of these proteins it
would appear that the expression of the cytoplasmic focal contact proteins
(including kindlin-1) are upregulated on the small pore HCM and that this
increase in expression is correlated with increased keratinocyte growth on the

smaller pore HCM.

In addition we have raised, tested and developed specific polyclonal antibodies
to two focal contact associated proteins including kindlin-1. These will be
tested on cultured keratinocyte and fibroblast cells grown on different HCM to
a) determine the number of focal contacts per cell and b) the exact position of

these focal contacts in relation to the underlying HCM structure.

Further investigate the expression of kindlin-1 using advanced confocal
microscopy techniques such as total internal reflection (TIRF) microscopy and
polarized microscopy that are not so severely affected by the presence of the
pores and allow the focal contacts to be readily visualized. Using 3D computer
based modeling we can assess and simultaneously compare the distribution
and expression of plural cells and junctional protein molecules in relation to
the pores on the HCM. We wish to model the effect of keratinocyte trapping
and cell isolation (loss of any adjacent cell-cell contact) within the larger

pored HCM to explain the poor growth rates on these substrates.

Complete a full battery of antibody tests to examine the full range expression
of adhesion related proteins and their spatial expression with respect to the
HCM. These will include the a2p1, a3p1 and avfB3 integrins, actin and other
focal contact proteins including vinculin, talin and o actinin. Our working
hypothesis is that decreasing the pore size and thereby increasing the pore
number on the HCM increases the number of focal contact adhesions per cell

and hence their adhesion and growth response in culture.



3)

6)

7)

Continue to investigate the efficacy of transplanting human dermal fibroblasts
/ keratinocytes cell sheet combinations onto porous HCM on to Severe
Combined Immuno-Deficient (SCID) model mice. Regular, reproducible
control-sized 4 mm superficial wounds made by punch biopsy will have their
wound healing time (in days) assessed until full wound closure has been

completed using porous membrane/keratinocyte/fibroblasts cell combinations.

Assessment of short-medium term cell viability from HCM in vivo transplants.
We have isolated primary fibroblast and keratinocyte cells from a young (less
than 1 month old) female LacZ transgenic Rosa mouse (background
B6.129S7-Gt(ROSA)26Sor/J LacZ, JAX, Oriental Yeast Industry, Sapporo).
These cells after culture on HCMs will be transplanted onto wounded SCID
mice for an extended period of time (> 3 months) to assess the medium term
cell viability. If the cells from the LacZ mouse survive this period after HCM
transplantation, they can be labeled, identified and quantified using 3

galactosidase staining.

We will use two approaches to determine cytokine profile for “normal healing
SCID mouse wounds”, firstly a) an antibody based cytokine microarray
analysis system to examine the expression profile of cytokines in properly
healing wounds, non healing wounds and in cultured cells grown on various
substrates including porous membranes. We will attempt to use this array to
identify cytokines that are expressed in normal fast healing wounds but not in
our HCM membrane system. Secondly, we will use a candidate cytokine
approach to testing the efficacy of cytokine selected on the basis of previous
reports of effectiveness on cultured keratinocytes or similar, related epithelial
cells. Cytokines that show promise in this will be tested by direct application
of the commercially available cytokine after mixing the gelatin hydrogel

microbeads produced by our collaborator Prof Tabata from Kyoto University.

Cvytokines and drugs involved in keratinocyte

The major problem thus far identified with our HCM system is the poor rate of

keratinocyte migration observed in the porous membranes when compared to



the pore less membranes or to keratinocytes grown on plastic dishes. After
extensive literature searches several candidate cytokines have emerged that

have the potential to increase keratinocyte migration rates and these include:

Cytokine name Target cell & Reference
concentration
KGF Keratinocyte Werner, 1998
IL-1a Keratinocyte, fibroblast Imanishi, et al., 2000
Chen et al, 1995
IL-6 Keratinocyte Imanishi, et al., 2000;
Ono, 1999
TGF-p1 Fibroblast Ono, 1999
Chen et al, 1995
TGF-B3 Keratinocyte, fibroblast Komarcevic, 2000
bFGF Fibroblast Ono, 1999
INF-a Keratinocyte Komarcevic, 2000

8) We will inject novel cytokine-controlled release gelatin hydrogel bead cocktail
combinations into the dermis beneath the transplanted porous membranes.
These 70-100 pm diameter hydrogel beads will then slowly release their
cytokine contents upon tissue enzymic degradation. This cytokine release
should subsequently alter particular cell responses including affecting the rates

of cell growth and particularly cell migration and increase the rate of wound

healing.

9) We have identified using direct scanning

electron microscopy, immunogold

scanning electron microscopy, tracer dyes,
and immunohistochemistry in control, normal dermis and control organ
cultured dermis that the epidermal basement membrane contains small-pore

like structures varying between 1-3 um in size. This is the first observation of



