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The Transfer of Ocular Cells Using Collagen
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The present study was designed to evaluate the use of collagen gel loaded with human retinal pigment
epithelium (ARPE19) in cellular transfer and to assess its viability within the gel. Collagen solution was
prepared by dissolving calfskin in hydrochloric acid to make a final concentration of 2.0 mg/ml and this
was mixed with 10,000 ARPE19 cells/ml. The cell viability in gel was determined using MTT assay. van
Gieson stain and proliferating cell nuclear antigen (PCNA) were used to identify the location of collagen
and to localize the site of cell proliferation, respectively. The ARPE19 cells in gel appeared to be healthy
with a rounded morphology. The optimal collagen concentration was 1.9 mg/ml. When this concentration
was used to hold cells for over 12 days, it could be seen that the growth rate was the same between day 2
and day 8 in gel and on plastic. When the cell-loaded gels were transferred onto standard tissue culture
plastics, progressive cell migrations over time resembling cell migrations in organotypic explant cultures
were observed. Upon intravitreal injection of cell-containing collagen suspension into a rabbit’s eye, the gel
became suspended within the vitreous a few hours after injection (day 0). However, it became obvious that
the gel dispersed and spread around the vitreous even after just 24 h. These cells inside the vitreous were
PCNA positive, indicating that the human ARPE19 cells have the capacity to proliferate even after 11 days.
The present study demonstrated the potential use of collagen gel as a tool in the transfer of cellular matrix
onto other substrates. The results show that the cell seeding number must be critically balanced with the

concentration of gel for it to be used as transplant material.
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INTRODUCTION

The ability to transfer cells of interest onto a particu-
lar substrate for experimental or clinical purposes is im-
portant. However, a number of obstacles remain. The
material has to be inert such that it does not hinder cell
growth. Furthermore, it must be significantly hypoaller-
genic so it does not trigger an immune or inflammatory
response. Collagen gel may provide the answer. Colla-
gen is one of the most abundant proteins in the body. It
has a number of functions. One of the most common
uses is in wound healing, as it provides a matrix for
tissue and vascular growth and aids cell migration and
differentiation (6,8,17). With the appropriate form of
collagen, it can even be used in implantation (9) and
refractive surgery (4,18). It can also be found in food
additives and cosmetics. However, one of the functions
of collagen that has received much attention recently is
in cell and tissue culture applications. Collagen has

served as a tool to study the mechanical activity of os-
teoblasts (1) and the formation of three-dimensional (3D)
matrices in vitro (11-13,16,26,27,30). It is obvious that
collagen gel can be applied to a number of cellularly
important scenarios. One particular field is in ocular tis-
sue cultures and transplantations. As early as 1985, Geg-
gel et al. (14) demonstrated the desirable properties of
collagen gel in ocular research. In recent years, the im-
portance of using collagen gel as a possible material for
ocular transplantation has been demonstrated in the
growth of rabbit limbal epithelial cells onto synthetic
cornea (28), keratocytes on rabbit cornea (5), and using
the solubilized form of collagen as vitreous substitute
(20). The biomedical applications of collagen are di-
verse and could be considered in a variety of situations
(e.g., in pharmaceutical industries as drug delivery sys-
tems or sponges for wounds and tissue replacement in
tissue engineering) (19).

The present study aimed to evaluate whether ocular
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cells, such as human retinal pigment epithelial (ARPE19)
cells, could be cultured in collagen gels and whether
they could maintain an adequate level of viability and
numbers for transfer onto another substrate in vitro. The
study also aimed to investigate whether collagen gel
made from calfskin could be directly injected into the
vitreous of the eye of another mammalian recipient and
to evaluate its applicability in vivo.

MATERIALS AND METHODS
Cell Culture

The human ARPE19 cell line (7) was purchased from
American Type Culture Collection (ATCC, Manassas,
VA). The ARPEI9 cell line was cultured and maintained
in a 1:1 mixture of Dulbecco’s modified Eagle’s me-
dium (DMEM) and Ham’s F12 medium containing 2
mM L-glutamine supplemented with 5% fetal bovine se-
rum (FBS) and 1% antibiotic mixture containing penicil-
lin G and streptomycin sulfate. The ARPE19 cells used
in the present study had all undergone less than 20 cell
passage cycles. As these cells were previously stored
under cryogenic state, they were left to stabilize for over
24 h before loading into the unset collagen solution. All
cultures were kept at 37°C and a 5% CO, enriched atmo-
sphere.

Preparation of 3D Cultures

Collagen gel solution was prepared by mixing type I
collagen from calfskin (3 mg/ml) with 0.01 N HCI and
subsequently neutralized with 1 N NaOH (0.4%). The
neutralized collagen was then mixed with 5% FBS, 1%
antibiotics mixture, 20% 5x DMEM to obtain a final
concentration of 2.0 mg/ml collagen as suggested by
Akhouayri et al. (1). The cell number was adjusted to
10,000 cells/ml of cell suspension. Gelation was com-
pleted after 3—4 h at 37°C in 24-multiwell tissue culture
plastics. Following overnight incubation, the formed 3D
matrices were washed with DMEM culture medium con-
taining 5% FBS, 2 mM L-glutamine, and 1% antibiotics
mixture.

APREI19 Cell Viability in Collagen Gels

Because the suggested 2.0 mg/ml of collagen being
used to hold the ARPE19 cells might not have been the
most appropriate in this study, two other concentrations
(1.8 and 1.9 mg/ml) and the eventual volume of cell
culture (i.e., the quantity of cell/collagen mixture) used
were also evaluated.

In order to harvest cells for the quantification of via-
bility, collagen gels were removed from the multiwell
plate, transferred onto a clean plate, and solubilized in
0.2% type I collagenase digestion for 20-30 min (2 mg/
ml in DMEM) at 37°C with occasional gentle agitation.

YEUNG ET AL.

The viability of the released cells from the 3D collagen
gels was determined using 3-(4,5-dimethylthiazol-2-yI)-
2,5-diphenyltetrazolium bromide (MTT) assay. Cells
were washed with FBS followed by phosphate-buffered
saline (PBS) and MTT was diluted using serum-free me-
dium to obtain 0.5 mg/ml. This concentration was added
to the culture and incubated for 3 h. Formazan extraction
was performed using isopropanol and the quantity was
determined colorimetrically using NanoDrop™ at A= 570
nm with the correction of interference at 690 nm in trip-
licate and a minimum of three individual samples per
group.

Furthermore, to critically determine the relationship
between initial cell density and viability over time, the
same number of cells (10,000 cells/ml) was used to in-
vestigate the effect on the viability of ARPE19 cells in
gel following a longer period of growth of up to 12 days.

The viability of the optimally formed 3D gel cellular
matrices (as determined above) was investigated over 12
days in culture (day 1, 2, 5, 8, 12). The initial day of
gelation was considered to be day 0, which was less than
5 h of growth. The rate of cell proliferation is expressed
as gradient, which was calculated with absorbance di-
vided by time (day).

As it was inevitable that not all of the 10,000 cells
would have ended up in the subsequently polymerized
gel and that some ARPE19 cells might have settled onto
the surface of the multiwell, the MTT assay was also
perform on cells that might have inadvertently settled on
the plate surface. Also, as the use of collagenase might
also have damaging effects on cells, the appropriate con-
trol of collagenase treatment alone was also performed.

Cell-Loaded Collagen Gel Transfer In Vitro

Polymerized gels that had been loaded with ARPE19
cells at a density of 10,000 cells/ml per sample were
imitially kept freely floating in the culture medium within
each well. After 3 days in this condition, the gels were
transferred onto tissue culture plastics. Each cell-contain-
ing gel was transferred onto the dish surface with a mini-
mal amount of culture medium to prevent the gel from
floating and yet still maintain an adequate level of me-
dium to sustain an adequate supply of nutrient. Fresh pre-
warmed DMEM medium was used to replace the medium
every other day.

Animal Subjects

The rabbits used were all males and approximately 9
months old at the time of study. They were stored in a
well-ventilated room with food and water. The use of ex-
perimental animals was in accordance with the ARVO
Statement for the Use of Animals in Ophthalmic and
Vision Research.
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Cell-Loaded Collagen Gel Transfer In Vivo

Preset gels (still in liquid form) that had been loaded
with ARPE19 cells at a density of 20,000 cells/ml were
injected directly into rabbits’ eyes. Intravitreal injections
of the cell-loaded gel (300 pl) were given to already
anesthetized adult albino rabbits. A higher cell number
compared with the in vitro transfer was used to ensure
at least some could be observed following a long period
of in vivo growth. Rabbits were subsequently killed by
overdosing with intravenous injections of pentobarbital
at predetermined time points (0, 1, 4, 11 days). The dis-
tribution of the injected gel within the eye over a num-
ber of days was histologically observed using van Gie-
son stain for the presence of collagen.

Immunohistochemistry

To demonstrate that the presence of cells in the vitre-
ous was that of the injected human retinal epithelial cells
and that the cells were viable over time, proliferating
cell nuclear antigen (PCNA) was used to localize the
site of cellular proliferation. Following intravitreal injec-
tions of collagen, the whole eyes were removed at corre-
sponding time points, fixed in 4% paraformaldehyde for
24 h, and processed for paraffin sections. Deparaffinized
and hydrated paraffin sections were processed with xy-
lene, 100% ethanol, 95% ethanol, 70% ethanol, and then
water. Sections were washed with PBS. The sections
were then subsequently treated with 50 mM NH,CI for
30 min and 0.3% hydrogen peroxide in methanol for 3
min at 4°C. Following washing with PBS, the sections
were treated with 10% FBS in PBS for 20 min. After
the sections returned to room temperature, they were
permeabilized with 0.15% saponin and 0.1% BSA for
15 min. Sections were incubated with 1:100 mouse anti-
PCNA concentrate antibody (Zymed) at room tempera-
ture for 2 h (diluted with 0.0015% Triton X-100 and
Tween 20, 1% BSA, and 0.425% saponin). Following
washing with 0.1% BSA in PBS, biotinylated antibody
in Vectastain ABC kit (mouse IgG) (Vector Laboratories,
Inc.) was used to incubate the sections for 1 h and then
they were subsequently incubated with ABC reagent in
Vectastain ABC kit (mouse [gG) (Vector Laboratories,
Inc.) for 45 min. Freshly prepared 0.05% 3,3’-diamino-
benzidine (DAB) (Sigma) with 0.01% hydrogen peroxide
was added for about 30-60 s. The reaction was stopped
with PBS and then water; slides were dehydrated with
ascending concentrations of ethanol and then treated with
xylene. Sections were mounted with Permount.

Specimens for parallel in vitro comparisons were pre-
pared by having cells seeded on glass coverslips fixed
with 3% paraformaldehyde for 5 min and then 0.5% para-
formaldehyde for 30 min. The samples were processed
as above.

Statistical Analysis

Results are expressed as mean + SD. Statistical com-
parisons were performed using either Student’s unpaired
t-test or ANOVA where appropriate. A value of p < 0.05
was considered a significant difference between groups.

RESULTS
Optimization of Cell/Gel Concentration

The ARPEI19 cells appeared to be healthy when
viewed under a phase contrast microscope. Cells that
wele being grown on standard tissue culture plastics
tended to be flat and take up an elongated morphology
(Fig. la). However, due to the fact that these cells on
gels could not lie flat as opposed to being grown on a
solid substrate, they took up a more rounded appearance
resembling suspension cultures (Fig. 1b).

The quantity of the cell/gel mixture was not as rele-
vant. It appeared to agree with the general consensus
that less volume of cell suspension (0.5 ml) would give
rise to fewer cells but too much volume (1.0 mg) would
also make the cells less viable (Fig. 2), probably due to
overcrowding within the gel. Similarly, the gel must
form in such a way that the cells are not too tightly
packed within the gel. Figure 2 also shows that 2.0 mg/ml
of collagen gel concentration had fewer cells remaining
regardless of the volume of the cell/medium mixture.
This indicates too much collagen might actually be harm-
ful to cells.

ARPE19 Cells in Collagen

To explore the rates of cell proliferation under nor-
mal growth and in gel, the same number of initial cell
seeding number (10,000 cells/ml) and the optimum gel
concentration (1.9 mg/ml) were compared over a period
of 12 days. It appeared that the number of proliferated
cells being cultured in the collagen gel was lower than
the number of cells being cultured under normal condi-
tions on standard tissue culture plastics over all the cor-
responding time points measured (Fig. 3a). However,
from the growth gradient of the two groups (i.e., the
absorbance over time), it can be seen that the rate of
increase in the growth of cells between day 2 and day 8
was the same in gel as that observed with cells on plastic
(Fig. 3b). Both groups showed a rapid decline in cell
numbers by day 8, suggesting that the cell proliferation
was saturated at this point, which was confirmed visu-
ally (results not shown).

There were few cells found at the bottom of the well
(between 1.4% and 2.4% between 1 and 5 days), indicat-
ing that most of the cells became part of the gel before
they ever reached the bottom of the plate. The use of
collagenase (0.2% or 2 mg/ml) caused a certain degree
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Figure 1. Phase-contrast images comparison between ARPE19 cells being grown on standard
tissue culture plastics and in collagen gels. Cells on culture plastics were flat and tended (o be in
small and scattered groups (a). However, cells in collagen gels were more rounded with morphol-
ogy resembling those observed in suspension cultures (b). Bar: 200 pm.

of cell death in the process of cell extraction for MTT
viability determinations. There was a consistent reduc-
tion in cell number within the range of 20-25% with
cells having been treated with collagenase compared
with cells without. This reduction was similar across
three different time points, as shown by the percentage
of cells remaining compared with the control (time, %
reduction): day 1, 80.8%; day 2, 75.5%; day 5, 74.7%.
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Other time points were not determined. Because the col-
lagenase-induced reduction in cell numbers was a con-
stant factor, comparison of cell viability under different
conditions and durations of growth was made directly.

Cell Transfer In Vitro

When the cell-loaded gels were first cultured for ap-
proximately 3 days and then transferred onto standard

1.8mg/ml collagen
D 1.9mg/ml collagen
2.0mg/ml collagen

77

L

0.75ml

1.00ml

Volume of Cell Containing Culture Medium

Figure 2. Optimization of the amount of collagen (1.8-2.0 mg/ml) and the volume of cell-contain-
ing culture medium (0.5-1.0 ml) used in each well. The determination of the number of viable
cells was performed 24 h after the initial cell seeding. The extent of cell proliferation was deter-
mined using MTT assay. Collagen at 1.9 mg/ml in combination with 0.75 ml of cell-containing
culture medium appeared to be optimum conditions [{ indicates the optimum cell viability follow-
ing overnight incubation and at this point the number of cells was significantly higher (p < 0.001,
ANOVA) than the numbers found under any other conditions, n = 3].
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Figure 3. Cells that were being grown on tissue culture plastics (at 10,000 cells/ml) showed a
linear increase in the number of viable cells over time of up to 8 days in culture (a). However,
cells that were being grown in collagen gels had significantly lower number of cells across the
corresponding periods. The rate of growth of cells was the same under both conditions, as indicated
by the similar gradient (b), which suggests the cells behaved similarly under these two conditions.
However, the growth rate of cells on plastics declined dramatically after day 8, which was probably
due to saturated proliferation of cells and this subsequently led to progressive necrosis. By contrast,
cell number in gels did not decline but remained the same level. The results are expressed as mean
absorbance + SD and were analyzed using Student’s unpaired t-test. (**¥p < 0.001 normal growth
vs. growth in gel, n =3).

tissue culture plastics for another period of 4 days, pro- Cell Transfer In Vivo

gressive cell migrations over time could be seen (Fig.

4), This cell migration property of the ARPE19 cell- A single injection (300 ul) of cell-containing (20,000
loaded collagen gel resembles the cell migrations seen cells/ml) preset collagen was intravitreally injected into

in organotypic explant cultures. the rabbit’s eye (i.e., approximately 6000 cells were in-



Figure 4. The cell-loaded collagen gel was left incubated ini-
tially in DMEM culture medium for 3 days prior to transfer
onto the tissue culture plastic for 4 more days. On day 1 after
transfer (a), a small number of ARPE19 cells was multiplying
and some had migrated away from the gel. More cells were
coming off from the gel on day 2 (b) and by day 4 (¢) a com-
plete monolayer of ARPE19 network of cells was observed.
Bar: 100 pm.

jected into the vitreous). Figure 5 shows that this gel
became suspended within the vitreous a few hours after
injection (day 0). However, it became obvious that the
gel became dispersed and spread around the vitreous
even just after 24 h. Figure 6 shows that the collagen
(lightly stained red) was positioned along the surface of
the retina just above the inner limiting membrane. The
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Figure 5. The collagen solution (1.9 mg/ml), which was
stained with indocyanine green (ICG, 2.5 mg/ml), was intra-
vitreally injected into the rabbit’s eye. The rabbit was then
sacrificed approximately 4 h later; the eyeball was removed
and cut coronally to view the vitreal space and the gel. It
shows the posterior part of the eye. It can be seen that the
injected collagen forming a localized gel (green patch) near
the injection site (circle).

Figure 6. van Gieson stain showing the rabbit retina without
collagen (a) and with cell-loaded collagen (b). The presence
of ARPE19 cells within the intravitreally injected collagen can
be easily identified and the cells are situated right on the sur-
face of the inner limiting membrane (ILM) 1 day after injec-
tion. Original magnification is indicated.
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ARPE19 cells can be seen situated among the gel. Due
to the movement of vitreous, a lot of the cell-containing
collagen became settled toward the anterior part of the
eye close to the lens, behind the posterior chamber and
above the ciliary body on day 1 (Fig. 7a, b). By day 4,
the cells were seen distributed evenly along the surface
of the vitreal space (Fig. 7c). Similar distribution of cells
and collagen was seen on day 11 (Fig. 7d, e) except that
the collagen fibers were even more regularly aligned
than what was observed on day 1.

The presence of proliferating cells was identified im-
munohistochemically with PCNA, Cells that were pro-
liferating on glass coverslips could be easily recognized
(Fig. 8). Similarly, the proliferation of ARPE19 cells
after injection into the vitreous was identified using
PCNA stain (Fig. 9). The cell-containing gels in the vi-
treal space were PCNA positive, indicating that there
was even cellular proliferation activity 11 days after the
initial injection. In fact, it appeared that the number of
visually identifiable PCNA positive cells on day 11 (Fig.
9d) was even more prominent than that observed on day
1 (Fig. 9b) and day 4 (Fig. 9¢).

DISCUSSION

The present study demonstrated the ability of cell-
loaded collagen gel matrix as a cell source for cell trans-
fer. The results also show the criticality between the
concentration of collagen used and the number of cells
in which it is allowed to hold.

As suggested by Akhouayri et al. (1), 2 mg/ml colla-
gen was adequate. However, as it is possible that the
quantity of collagen used can play a significant part in
the viability of cells, the optimum concentration of col-
lagen was determined. With the cell type used in this
study, it was found that the optimal collagen concentra-
tion, in relation to the quantity of preset collagen/medium/
cell mixture, was 1.9 mg/ml rather than the 2 mg/ml

Figure 7. Histological sections (van Gieson) showing the
presence of collagen (containing cultured ARPEI9 cells) in
the eye at various time points following intravitreal injection.
Twenty-four hours after injection, the cell-loaded collagen can
be seen immediately distributed throughout the vitreal space
particularly near the anterior part of the eye (a). (b) Enlarge-
ment of the square marked in (a) shows the ARPE19 cells
were covering the surface of the ciliary body. By day 4, the
cell-loaded collagen gel was spreading evenly over the entire
interior surface of the vitreal space (c). Similar distribution of
cells and collagen was seen on day 11 (d) except that the colla-
gen fibers were even more regularly aligned than was ob-
served on day 1 (e). Small black arrows show the presence of
these collagen fibers. Original magnification is indicated.

Ciliary




Figure 8. PCNA-positive cells are readily identifiable in vitro
(cultured APRE19 cells on glass coverslips) 24 h after initial
seeding (b). The cell-free collagen-only control on coverslip is
also shown (a).

suggested by Akhouayri et al. (1) in a study using osteo-
blast-like cells. The number of cells used and the con-
centration of collagen were both very important for the
success of transfer. It appeared that 1.9 mg/ml of colla-
gen was the most suitable for the transfer of ARPE19
cells. The proliferation data also imply that, due to the
finite available space within the formed collagen gel, the
rate of ARPE19 cells proliferation was lower than cells
that were being grown on a relatively larger surface area
of the tissue culture plastics. Confluent growth would
inevitably occur sooner with cells in gel than cells on
plastic. This cell saturation may already be enough to
cause some degree of cell necrosis over time due to
overcrowding. It could also be a simple case of striking
a balance between the gel concentration and the initial
cell density, as this can affect the fate of cells in culture.
It is possible that the excess number of cells could lead
to contact inhibition and toxic metabolite accumulations,
and thus reductions in cells over time. The lower level
of cell numbers in gel may simply be because the cells
have less available space in which to proliferate, unlike
the control, which had a larger surface area.

The transfer of cells in vitro showed the epithelial
cells were definitely viable and continued to proliferate.
When the cell-loaded collagen gels were injected into
rabbits” eyes, the cells were also viable and continued
to proliferate as shown by the PCNA results. The fact
that the cells were still PCNA positive 11 days after
injection suggests that the injected human ARPE cells
were reasonably healthy inside the eye of a different
species. It is also clear that the injected collagen was
forming a relatively well-aligned layer on the surface of
the vitreal space. This natural occurrence is certainly an
advantage if collagen is ever to be considered as a mate-
rial in the transfer of cells into the eye or other body

YEUNG ET AL.

cavities. The histological sections also seemed to sug-
gest that the injected collagen tended to spread along the
surface of the vitreous rather than as a single lump within
the vitreous near the site of injection.

It is obvious that a 3D model of culture provides a
better representation of an in vivo situation to study cel-
lular functions (26) and the use of collagen as a substrate
for the formation of 3D matrices or as scaffolds for cell
growth seems to be an ideal choice. Collagen in differ-
ent physical conditions (i.e., cells on dried or wet gel,
floating or enclosed in collagen gels) have been described
(16). The ability of cell migrations in collagen gels has
been demonstrated in a number of studies (12,24,25) as
well as in studies of cell guidance (15) and differentia-
tion (21) using appropriate forms of collagen gel.

Applications of collagen gels in ocular cell and tissue
cultures have been extensive over the years. A number
of different ocular structures with collagen gels have
been investigated: retinal explants (27); corneal epithe-
lial cells (3,14,21); comeal explants (10); corneal stro-
mal cells (22); and conjunctival epithelial cells (23). One
of the more topical applications is using collagen gel in
replacing the use of amniotic membrane, which is used
in corneal and limbal fibroblast cultures with the goal
of achieving the ultimate cell transplantation (29). The
biomedical applications and advantages and disadvan-
tages of using collagen in a variety of conditions, such
as sponges for wounds, skin replacement, bone substi-
tute, and artificial blood vessels, etc., have been reviewed
previously (19).

This application, if further proven to be adequate, can
be diverse. One particular application is the study of
electrophysiology of cells in a 3D environment. Previ-
ous studies have utilized cells being cultured on novel
microelectronic devices and sensors to study the electro-
physiology of cells (31). Unlike in the traditional patch
clamp electrophysiological recordings, the cells on this
system are not damaged. However, the limitation of this
approach, although better than the standard electrophysi-
ological studies with patch clamp electrodes, is that the
system is still based on a 2D environment. To mimic a
physiological or pathophysiological system in vitro, a
3D cellular or tissular model would be more appropriate.
Cells in a collagen 3D matrix can be recorded by such
a system at multiple points (up to 64 separate sites) si-
multaneously and it can assist the study of cell-to-cell
contacts and communications. The property of collagen
also provides a way to preload drugs and other xenobiot-
ics into the gel prior to the introduction of cells. Indeed,
collagen gel matrix has been used to evaluate the influ-
ence of fetal calf serum and growth factors on 3D cul-
tures of human keratocytes (2). The cells can later be
extracted to determine the effect of different agents. The
ability of collagen gels to retain as many viable cells as
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Figure 9. PCNA-positive cells are not present in the control (a) but can be found in rabbits’ eyes
following intravitreal injection on day 1 (b), day 4 (¢), and day 11 (d). It appeared that the human
ARPEI19 cells were still proliferating 11 days after injection.-Original magnification is indicated.

possible, as demonstrated in the present study, means
that some cells can be cultured and matured or the cells
can undergo differentiation before use. Despite a seem-
ingly promising prospect, a number of problems remain.
It is difficult to control the consistency of cells being
loaded into the gel. A simple delay in incubating the
cell/gel mixture could lead to fewer cells being loaded
into the gel. The condition of cells in gel is not abso-
lutely certain. The ARPE19 cells are relatively robust.
Even if there is a high percentage of cell death, the re-
maining cells can still proliferate. However, if other
more fragile cells are to be used, such as neuronal cells,
the conditions must be even more vigorously controlled.
Judging by the results shown in the present study, opti-
mization will be required for each cell type to be loaded
into the collagen gel. Nonetheless, results in this study
seem to suggest that cell transfer is still a distinct possi-
bility if the transfer is carried out in a short period of
time (e.g., less than a few days in culture) and with the
use of an appropriate/optimal concentration of colla-
gen. Further work, including DNA labeling of cells
prior to gelation and then monitoring the transferred
cells in vivo, is currently being planned. Also, primary
cell extractions from an animal host and then subse-

quent growth in gel for reimplantation is also to be
considered.
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