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Application of bio-artificial cornea and its research progress
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Abstract: Cornea is a layer of transparent film which located in the forefront of the eye. In the world, more
than 30% blindness patients were caused by corneal disease. Corneal transplantation is the only effective
means of treatment of corneal blindness. Owing to a serious shortage of donor cornea, China’s annual eye
bank can only provide a small amount of surgery used cornea. Therefore, seeking a good equivalent corneal
replacement is an important way to solve the problem of insufficient donor cornea. At present, in vitro
reconstruction of the tissue engineering cornea can be used as a mild corneal equivalent substitute to solve
the problem of insufficient donor cornea. We may be able to rebuild a good corneal replacement for corneal

transplantation. And the corneal replacement can be acting as ideal grafts for corneal transplantation in

patients with severe corneal injury in the future
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Cornea is a layer of transparent film which located in the
forefront of the eye. It was oval and covering the iris, pupil
and anterior chamber. Most of the eye's refractive powers
are supplied by the cornea. In the world, more than 30%
blindness patients were caused by corneal disease. Corneal
disease is the second largest incidence of eye blindness after
cataract disease. The human body cannot repair or replace
the corneal endothelial cells automatically. Therefore,
corneal disease can only be solved by surgery which may
replace corneas with a healthy cornea. Thus, there is a huge
demand for the eye cornea. While in other countries and
regions of the world, especially in some countries of Asia,
coupled with some societal, cultural and religious reasons,
the provision of corneas is extremely scarce and it is difficult
to obtain a donor cornea. As a result, many patients cannot
be cured owing to absence of implanted corneal donor. So,
scientists began to seek to use the cornea replacement to
help eye blindness patients to restore vision. It can be said
that the history of artificial cornea development, that is,
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history of its materials constantly updated and developed in
recent years. In recent years, it has been much progress in
this area. This article made a review.

In 1771, French ophthalmologist Pellierde Quensey
proposed implanting the glass to the rabbit cornea. In 1817,
Weber first implanted an artificial cornea into the eyes
of the blind patient. It was only six months left, but it is
the first time that scientist replaces the corpuscles with a
transparent object and let the patient see the light. Over
the next few decades, ophthalmologists utilize different
optical materials to produce artificial cornea, and ultimately
failure because of the body's rejection and eventually
the occurrence of infection or loss. In the true sense, the
generation of corneal substitutes should be the emergence
of tissue engineering artificial cornea (Tissue Engineering
Cornea). The principle of tissue engineering cornea is
use of biological materials (such as collagen) as living cell
culture stent and build alternative donor corneal tissue.
Culturing tissue engineering artificial corneas requires
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suitable seed cells and carrier scaffolds and certain training
techniques. On the stent, the seed cells can grow into
the cornea which has the exact same or similar structure
and function with the artificial cornea. In recent years,
many researchers have tried to separate corneal cells from
different corneal cell layers, and then put these cells into
a culture dish. Or we can use a biomaterial as a scaffold to
reconstruct corneal replacements which are very similar
to human cornea. Now, corneal cells have been grown on
biomaterials for three-dimensional culture. And scientist
can reconstruct artificial corneas. This corneal replacement
is very similar to the human cornea. Because it is built
from the corneal cells, it can replace the host cornea and
can do the same stimulation in the human cornea. Tissue
engineering artificial cornea can not only be used to
replace the cornea, but also has great application prospects
in the field of medical research.

Seed cell

Seed cells used for artificial cornea require: (I) high
proliferation capacity; (II) has long-term and sustained
ability for maintaining its physiological function and
biological activity.

In the culture dish, normal corneal epithelial cells can
only be monolayer growth and passage, but can not be
cultured with a layer of squamous epithelial structure. In
experiments with rabbit corneal stroma as a carrier to culture
rabbit corneal epithelial cells, Friend found that stratified
epithelial cells were in a position to appear. And they also
detect the connective structure in the living cornea (1).
In 1986, Schermer et al. (2) demonstrated that stem cells
are present in the limbal epithelium. The characteristics
of stem cell stem cells are: a low degree of differentiation,
long cell life cycle, a high degree of differentiation and
proliferation and self-renewal ability. Researchers found
that only epithelial cell culture with corneal central tissue
can only pass 2-3 times, and stem cell culture in limbal
cells can pass to 12 generations. Therefore, the use of this
feature oflimbal stem cells as a seed cell is the best choice
for bioartificial cornea.

In general, corneal endothelial cells have only a very
weak ability to proliferate. If cultivating human embryonic
corneal endothelial cells in vitro, we can see cell division.
The growth factor is critical to adult corneal endothelial
cell culture and division. In 1990, at the place of Fuch
corneal endothelial dystrophy, McLaughlin in inoculated
with cultured human corneal endothelial cells to allow
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the cornea to be transparent (3). In 1991, Insler used two
times of inoculating corneal endothelial cells to increase
the density of endothelial cells (4). After 48 hours of re-
culture, the corneal endothelial cells were transplanted
on the recipient cornea. The results were satisfactory. At
present, the industry recognized that the key to determine
the transparency of the cornea is whether the function of
the corneal endothelial cell is intact. It has been reported
that about 50% of the cornea preserved in the eye bank
cannot be transplanted due to endothelial dysfunction.
Therefore, the successful transplantation of endothelial
cells in vitro will successfully improve the success rate of
most corneal transplantation.

We can extend the life of human skin fibroblasts
and corneal endothelial cells through various methods.
For example, the E6 E7 gene can enhance the cell
differentiation potential by activating the negative
regulatory genes of cell growth. And they cannot change
its split time. Griffith er al. transfected cells by reverse
transcription method. The E6 E7 gene recombined
in human corneal epithelial cells, endothelial cells and
fibroblasts. And the life span of the cells was prolonged.
They obtained three kinds of cells which were comparable
to corneal function (5).

Reconstruction of corneal tissue is achieved in several
steps: separation of corneal cells, cell culture, and
reconstruction of the epithelium, stroma and endothelium.
The first step is to divide the main 3 layers of the cornea
cells. Tegtmeyer ez al. isolated three types of corneal cells
from the bovine cornea (6). First, the cornea was placed
in a steel container with the inner layer facing up and
covering the insulin-EDTA solution for 7-8 h. Then
the endothelial cells were separated with the knife and
were placed into a Petri dish. Substrate corneal cells are
obtained by removing the endothelium and the epithelium.
The growth of stromal cell corneal cells was after 6-7
days. The epithelial cells are placed under the substrate
layer for culture.

Yoichi Minami obtained corneal cells of each layer by
enzymatic digestion. Corneal tissue was incubated at 37 °C
for 60 min. Then the endothelium and epithelium were
isolated under a microscope using a surgical scissors and
inserts. Then they obtained cell stromal cells by removing
epithelium and endothelial cells with enzymes digested.
The isolated cells were cultured in tissue culture medium.
Studies have shown that in the corneal cell culture, the
cell growth and proliferation can be enhanced by adding
serum in the culture medium.
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Constructed carrier scaffolds using tissue
engineering

The bio-artificial corneal carrier scaffold material is the
basis for the reconstruction of the cornea in vitro. It
provides the required environment for seed cells to grow.
And at the same time they are progressively degraded in
vivo during tissue renewal. Ideal corneal stent material
should have the following characteristics: (I) good
biocompatibility; (II) can be degraded in the body; (III)
appropriate pore size and porosity; (IV) mechanical strength
and plasticity; (V) appropriate curvature, transparency and
oxygen permeability. At present, we mainly use natural
biological materials, synthetic biodegradable polymer
materials and these two cross-linked composite materials to
build tissue engineering cornea.

Ammnion

At present, the clinical application of amnion as a carrier
to expand the corneal limbal stem cells in vitro, and the
formation of corneal epithelial graft treatment of alkali
burns, has achieved good results. Adds ez al. (7) found that
amnion preserved at 4 °C and at -80 °C iz vitro, in vivo two
kinds of preservation methods, the difference between two
amnion corneal epithelialization is not significant.

Collagen

As the core component of the corneal extracellular
matrix (ECM), collagen (collagen) plays a very important
role to maintain the transparency of the cornea. It is a
biocompatible, in vivo degradable, low immunogenically
structural protein (8). So far, there are more than13 kinds of
collagen have been identified. In natural tissue, collagen and
other components are linked together. They need special
treatment when utilize. In recent years, collagen has been
extensively used in the field of tissue engineering cornea (9).
Griffith and other obtain the morphological structure,
physiological function and other corneas similar to the
normal cornea. Their experimental methods were mainly
inoculated with immortalized human corneal epithelium,
matrix and endothelial cell lines in collagen-chondroit in
carrier scaffolds and cultured in vitro (5).

In 2006, Liu et al. (10) cross-linked psoriasis to prepare
tissue engineered corneal stroma and obtained artificial
cornea similar with normal corneal stroma. The cornea
has a high refractive index, good transparency, and corneal
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epithelial cells with superior biocompatibility and so
on. The shortcomings of collagen as a stent are: they
are still cannot large-scale production, soaring cost of
commercialization collagen, fast degradation rate, poor
mechanical strength, and the efficacy of infection is not
significant. Therefore, it is necessary in order to further
improve its physical and chemical properties and biological
properties to prepare carrier scaffolds (11).

Gelatin

Gelatin can be prepared from the local hydrolyzate of
collagen. Its solubility and biocompatibility are excellent.
Gelatin has no antigenicity. Physical and chemical properties
of the gelatin can be changed. It is the ideal scatfold material
in the tissue engineering. In 1980, Jumblatt er /. (12)
cross-linked gelatin and glutaraldehyde. Then they
inoculated them into corneal endothelial cells. However,
the resist enzymolysis ability of the structure is relatively
poor and cannot be applied in surgical transplantation.
In 2006, Hsiue et al. (13) prepared a gelatin-based carrier
and inoculated human corneal endothelial cells in this
stent. Then they transplanted the carrier in rabbit cornea.
The cornea of the investigational eye was restored after

surgery.

Chitosan

Chitosan deacetylation can produce chitosan (chitosan),
which has the benefit of no immunogenicity, good
biocompatibility, easy to degrade in the body and produce
non-toxic substances, a wide range of sources, low cost.
Chitosan is a skillful combination of collagen and cellulose.
Rabbit corneal stromal cells were placed on scaffolds
prepared by chitosan-hyaluronic acid. We can obtain well-
grown rabbit corneal stromal cells (14). They used collagen-
chitosan as scaffold material, rabbit corneal stromal
cells and human corneal stromal cells as seed cells to
reconstruct tissue engineered corneal stroma in vitro. And
then they transplanted them into rabbit corneal stromal
capsules to obtain normal cell morphology cornea. And
the biocompatibility of the stent was safe, and the specific
marker protein of seed cells was positive. Therefore, as a
new research idea, chitosan derivatives can be invoked as
carrier scaffolds for tissue engineering corneal stroma. The
drawbacks are that the molecular size is inconsistent, the
degradation rate is slow, it is difficult to form an effective
pore structure, so it is also clinically limited (15).
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Fibrin

As a native ECM component, fibrin can be polymerized
from the monomer state into a network gel by the action of
thrombin. It has good plasticity, good biocompatibility and
degradability (16). In 2006, Alaminos et /. (17) produced
a composite scaffold containing fibrin and agarose. They
inoculated corneal epithelium, matrix and endothelial cells
on the scaffold to obtain tissue engineering cornea. The
morphological and function of the cornea are comparable
to the normal cornea.

Talbot et al. (18) used fibrin as a scaffold (3T3 fibroblasts
as trophoblast). They inoculated rabbit corneal limbal
stem cells on them. After 2 weeks of in vitro culture, they
obtained the ideal corneal epithelium of the layer for
autologous transplantation. Chen ez 4/. (19) inoculated fibrin
gel on carrier scaffolds after reconstruction of rabbit corneal
stromal cells in vitro. They obtained a highly transparent
tissue engineering rabbit corneal stroma. They stromal cell
grew in good condition by the followed experimental. The
fiber-like cell connection structure grew on the scaffolds.
They had good biodegradability. Fibrin-based matrix
scaffolds can also support the growth and differentiation of
corneal epithelial cells. The disadvantage of fibrinics is poor
mechanical properties. They require further research and
improvement.

Hyaluronic acid

As a natural acidic GAG polymer, hyaluronic acid is
non-toxic, non-carcinogenic, biocompatible and has a
controlled effect on the differentiation and penetration of
certain cells (20). The lack of hyaluronic acid as a stent is
easy to dissolve in water, quickly absorbable, only a short
time to stay in the organization. It is difficult to attach
and the mechanical is not strong. And thus inevitably
they must chemically modify to obtain more stable solid
materials.

Acellular corneal stroma

In recent years, the hot tissue scaffolds of tissue engineering
cornea research are acellular corneal stroma. Because it
can not only the natural cornea structure and mechanical
properties, but also contains a specific growth factor, which
is synthetic stent does not have. They can provide a suitable
growth environment for cell growth. It is also possible to
remove specific ingredients in the tissue that may cause
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immune rejection (21). There were a number of research
results on the use of acellular methods to treat heterologous
source cornea and the preparation of acellular corneal
stroma. Porcine acellular corneal stroma scaffolds prepared
by phospholipase A2 (22) have good biocompatibility, no
antigenicity, good mechanical properties and transparency
in rabbit corneal transplantation. After 12 months, they are
still able to stay stable.

The tissue-engineered corneal lamina was obtained by
the preparation of the acellular porcine corneal stroma
using 0.5% SDS (23). The stent has good biocompatibility
and transparency, useful mechanical properties. The cornea
became normal for 1 month after transplanted. Scientists
observed a tissue repair capacity.

Gonzalez-Andrades ez al. prepared scaffolds in vitro and
reconstructed the tissue engineering corneal stroma using
the NaCl and SDS two decellularization methods (24).
They found that NaCl-made stents were more conducive
to the growth of human corneal stromal cells. Different
corneal stents with different pore sizes and ECM structures
can be obtained by using different cell methods. Thus,
the selection of effective methods in a number of acellular
methods is the key to the preparation of acellular porcine
corneal stroma (19).

Autocrine ECM

The use of Cell-Based Approaches to assemble tissue
engineered corneal stroma carrier stents is another hotspot
in recent years. It is primarily to add certain ingredients
in the culture medium to stimulate cells to secrete ECM.
The cells themselves carry out autocrine ECM. Scientists
can obtain carrier stent similar to the normal corneal
morphology (25,26). Autologous on corneal fibroblasts, 36
m thick ECM structure was achieved after one month (26).
The preparation of the stent must have a large number of
non-autologous cells to secrete cells. It will take a long way
to meet the need of clinical treatment requirements.

Polyglycolic acid

Polyglycolic acid (polyglycolic acid) degraded to glycolic
acid in vivo. It is easy to be metabolized by the body. It is
also often used as a stent due to the good biocompatibility
feature. By changing its molecular weight, we can also get
the desired strength, which is not exist in a lot of other
materials.

Lin ez al. used Polyglycolic acid - fiber as Carrier support
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and rabbit corneal stromal cells as seed cells (27). After
corneal transplantation, rabbits were examined restored
transparent two months after cornea transplanted. The
researchers found that neatly arranged collagen fiber
structure in the transplant area.

After one week, they inoculated rabbit adipose-derived
stem cells as seed cells on a polyglycolic acid scaffold (27).
For the autologous corneal transplantation of experimental
animals, it was found that adipose-derived stem cells
could differentiate into fibroblast-like cells and had good
growth status. The cornea could be gradually recovered
and the stent could maintain the normal function of
corneal epithelial cells and endothelial cells. However, the
biggest drawback of polyglycolic acid is that its degradation
products produce large amounts of acid. It may lead to seed
cell poisoning and even death, or local severe inflammatory
reactions which are not applicable in clinical (28).

Polylactic acid-polyglycolic acid copolymer

Polylactic acid and polyglycolic acid can polymerize in
a certain proportion to form polylactic-co-glycolic acid
polymer material. They are not only ideal for mechanical
strength, but also biocompatible and degradable. In
vitro, corneal stromal cells were able to bind to polylactic
acid-polyglycolic acid copolymers. They have excellent
biocompatibility (20). With the New Zealand white
rabbits as the model, after the corneal stroma interbody
transplanted, the grafts were observed to become
transparentl week after surgery. This suggests that, as a
tissue engineering corneal stent, material polylactic acid-
polyglycolic acid is non-toxic, non-antigenic and has
good biocompatibility and degradability. The drawback
of this material is that local acid will be produced in the
degradation process. The presence of acid may have
potential stimulating damages to new blood vessels.

Composites

There is another idea of using composite materials. That
is, If the natural materials and synthetic materials cross-
linked and integrated through a certain proportion or
specific method, physical and chemical properties and
biological function of the tissue engineering corneal carrier
scaffold can be improved. For example, a porous polylactic
acid-polyglycolic acid sponge (29) can be prepared by
remodeling in the presence of sodium chloride by removing
the particles. The sponge is filled with a collagen solution,
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hyaluronic acid or Human amniotic membrane. Then
they prepare a composite sponge by lyophilization. And
the corneal epithelial cells and stromal fibroblasts were
inoculated on these scaffolds to observe the growth of the
cells. Compared with the untreated stents, the modified
scaffolds can more easily promote cell adhesion and
hyperplasia. Polyvinyl alcohol-collagen scaffolds were set
by cross-linked with type I collagen and polyethylene (17).
After inoculation of upper corneal epithelial cells, the
results showed forming a composite structure. It has good
compatibility.

The type I collagen extracted from calfskin and rat tail
tendons (30) was able to mix with chondroitin sulfate. Then
they prepared a composite scaffold with glutaraldehyde
as a crosslinking agent. After adding corneal stromal cell
suspension, tissue engineering corneal stroma can be
reconstructed in vitro. The increase in mechanical strength
of the stent is mainly the use of cross-linking agent. The
improvement of transparency was mainly by chondroitin
sulfate.

The reconstruction of the cornea

As the porcine corneal stroma has good biocompatibility,
it is clinically used widely. In addition, pigs can also be
economical feeding in a large number of disease-free
environments. They are non-primates and mature fast.
And ethical and security-related issues caused by pigs are
much less than that caused by chimpanzees and baboons.
Amano et al. (31) suggest that the porcine corneal stroma is
expected to replace the human corneal stroma, which is a
carrier of human corneal endothelial cell growth. Porcine
cornea is widely available. The structure of porcine cornea
comes closer to human corneal tissue. However, it has anti-
source and pathogenic hazards.

Acellular porcine corneal stroma is an ideal carrier
scaffold. It has a similar structure of the human cornea,
a wide range of sources, low immunogenicity. The
shortcomings are: containing porcine stromal cells and
genetic material; cannot be directly applied in tissue
engineering, must be removed in order to get a wide range
of applications. A scientist (32) treated the porcine corneal
stroma in a combination of several methods and trypsinase.
In the post-transplant tissue, there is good biocompatibility
and no inflammatory and immunological rejection. In order
to further improve the strength, toughness and pore size
of acellular porcine corneal stromal material as scaffolds, it
is also useful to remove the cell components in the porcine
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corneal stroma by repeated freezing and thawing. In the
process of in vitro reconstruction, after incubation with
rabbit corneal stromal cells, rabbit corneal stromal cells were
found to be more likely to move into the scaffold material (33).

In short, acellular porcine corneal stroma is an ideal
natural material scaffold. It has good biocompatibility.
Choosing a different acellular approach, we can get
a different organizational structure. How to choose a
method of acellularization, it can be simple and effective
and best to maintain its morphological structure, is the
urgent need to solve the problem of utilizing porcine
corneal stroma.

IV Comparison between tissue engineering bio-cornea
and the same type of cornea.

Tissue engineering artificial corneal replacement consists
of three layers of cell layers. Scientists have compared the
reconstructed human cornea with the actual human cornea
(34). The artificial cornea has significant similarity with the
human cornea. No matter the expansion of the matrix, gene
expression, tissue transparency and the physiological function
and physiological activity. They showed greater sensitivity
on the artificial cornea. In the case of light propagation, the
artificial cornea exhibits a great deal of sensitivity to varying
degrees of damage after in contact with the chemical. This
is similar to the natural cornea including the appearance,
morphology, transparency and matrix expansion. It has
a meaningful response to varying degrees of damage;
especially show great sensitivity for the stimulation
of chemical substances. It is also one of the important
functional characteristics of the human cornea. Artificial
corneas reconstructed by Yoichi Minami are transparent.
The cells can be observed under inverted microscopes.
Its clarity does not achieve as high as the human cornea.
It is enough to identify epithelial cells, stromal cells and
endothelial cells. The reconstructed cornea is about 0.18-
0.23 pm thickness, which is similar to the human cornea.
Due to the high permeability of the artificial cornea, some
factors secreted by cells and culture fluids can pass the
cornea smoothly.

The ideal artificial cornea should have the following
characteristics: (I) excellent optical properties, stable
physical and chemical properties; (II) able to long-
term coexistence of autologous corneal tissue, and
closely integration; (III) no adverse reactions, fewer
complications; (IV) simple operation, easy to produce,
affordable. The artificial cornea can bring the hope of
rehabilitation for the majority of blind patients in the
near future.
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The biggest problems of artificial cornea are long-
term fixation of artificial cornea in the human eye and
artificial corneal surface epithelial activation. There are
some major clinical complications, such as: (I) corneal
opacity; (IT) corneal aseptic necrosis or ulcer formation;
(III) artificial cornea after the membrane; (IV) secondary
glaucoma; (V) corneal shedding, stent fracture and so on.
And this is also the largest gap between the bio-artificial
cornea and the natural cornea.

Conclusions

In summary, corneal transplantation is the only effective
means of treatment of corneal blindness. Owing to a
serious shortage of donor cornea, China’s annual eye
bank can only provide a small amount of surgery used
cornea. Therefore, seeking a good equivalent corneal
replacement is an important way to solve the problem
of insufficient donor cornea. With the continuous
advancement of tissue engineering research, it is possible
to obtain biologically active tissue engineering corneas
through in vitro reconstruction. The biggest difficulties
of artificial cornea are: how to make the artificial cornea
long-term fixed in the human eye; artificial corneal
surface epithelial activation; artificial cornea is not tough
enough; the cornea has a damaging immune response
after transplantation. At present, in vitro reconstruction
of the tissue engineering cornea can be used as a mild
corneal equivalent substitute to solve the problem of
insufficient donor cornea. We may be able to rebuild a
good corneal replacement for corneal transplantation.
And the corneal replacement can be acting as ideal grafts
for corneal transplantation in patients with severe corneal
injury in the future.
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