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Effects of nerve growth factor on nerve regeneration
after corneal nerve damage
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Abstract: The study aims to determine the relation between the effects of mouse nerve growth factor (MNGF) and
nerve regeneration after corneal surgery nerve damage. Mechanical nerve injury animal model was established by
LASIK (the excimer laser keratomileusis) surgery in 12 Belgian rabbits. mNGF and the balanced salt solution (BBS)
were alternatively administered in the left and right eye two times every day for 8 weeks. The morphous and growth
of the sub-basal nerve plexus and superficial stroma were observed by in vivo confocal microscopy at the end of
weeks 1, 2, 4 and 8 after the surgery. The animal model is successfully established. The morphology and density of
corneal nerve have been observed and demonstrated by confocal microscopy. A systematic administration of mMNGF
can significantly promote the nerve regeneration at the end of weeks 1, 2, 4 and 8, which comparing to the adminis-
tration of balanced salt solution (P < 0.05). mNGF has effect on sub-basal nerve plexus and superficial stroma after
corneal nerve damage which is caused by LASIK. The experimental results suggested that the mNGF may solve the
problem of dry eye after LASIK.

Keywords: mNGF, LASIK, confocal microscopy, dry eye

Introduction

In recent years, excimer laser corneal refractive
surgery developed rapidly due to its good safe-
ty, efficacy and predictability. However, compli-
cations have also attracted wide attention. Dry
eye is the most common complication and dis-
satisfaction after the excimer laser keratomile-
usis (LASIK). Main reason of dry eye is the
mechanical nerve injury by making the corneal
flap caused by LASIK surgery. Since the corneal
flap cuts off all the nerves outside the pedicle,
which results in corneal sensitivity significantly
diminished and directly blocks the reflex tear
secretion which leads to dry eye.

The human cornea is most densely innervated.
Corneal epithelial innervation density of about
300 to 600 times that of skin and 20-40 times
of pulp. Its density decreases gradually from
the central cornea to the periphery [1]. The sen-
sory nerves of the cornea have a very impor-
tant role in corneal nutrition, the integrity of the
corneal epithelium, stimulating tear secretion,
and adjust the blink reflex [2]. Cornea is domi-

nated by the long ciliary nerve which is the ter-
minal branches of eye branch of trigeminal
nerve. Long ciliary nerve enters into the sclera
though the suprachoroidal cavity near the lim-
bus from where it is issued a small branch.
Once getting into the cornea, the branches walk
in the upper 1/3 of stroma and anatomy to form
the subcutaneous plexus [3, 4]. Recent studies
have found that a relatively uniform distribution
of the nerve bundles along the limbus and get
into the corneal randomly extend to the central
cornea [3]. Bazan's research team has recently
drawn a three-dimensional map of corneal
nerve structure for the first time through an
improved immunofluorescence method. The
study found that the number of nerve endings
in the central cornea was significantly higher
than that of the limbus [5].

LASIK is a current widely accepted corneal
refractive surgery by doctors and patients all
over the world, which is safe, predictability, light
postoperative response [6]. But the central cor-
neal nerves are almost cut off in the process of
making the corneal flap. And almost 50 percent
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“&] Figure 1. In vivo confocal micro-

| scopic image of normal rabbit
corneal nerves. A: The corneal
% epithelial cells which on the 12
<. um layer from the surface of the
> cornea. B: The cells and sen-
« sory nerve are shown with the
+ distance from the surface with
50 ym. C: The rabbit corneal en-
dothelial cells (x800).

Figure 2. In vivo confocal microscopic image of corneal nerve fibre after 1 week LASIK. A and B: The number of nerve
fibers in the superficial stroma (50 ym from the surface of the cornea) of mMNGF group after LASIK. C and D: The
number of nerve fibers in the superficial stroma of BBS group after LASIK.

of cases within six months after LASIK com-
plain the symptoms of dry eye [2, 7, 8], with
varying degrees, affecting satisfaction of the
patient with the surgery even with excellent
vision. If some way could be explored to bring
opportunities to promote the healing of corneal
nerves, it can provide new hope to obtain bet-
ter clinical results after LASIK [9, 10].

On the ocular surface, corneal epithelial cells,
endothelial cells, stromal cells, and limbal stem
cells are able to synthesis and secret of NGF
[11, 12]. NGF plays an important role in the
development and progression of sympathetic
and sensory nerves. It promotes cell differenti-
ation, determines the elongation direction of
the axons. At the same time it promotes a vari-
ety of non-neuronal cells such as erythropoietin
EPO clone, promotes growth and differentiation
of alkaline granulocytes and B lymphocytes
[13, 14]. In the process of wound healing, NGF
is able to promote regeneration and functional
recovery of the optic nerve, sciatic nerve, the
facial nerve, stimulate the body’s stem cell pro-
liferation and differentiation, and regulate the
local inflammatory response to promote wound
healing [14, 15]. NGF has been attracted in-
creasing attention in recent years on the pro-
tection of the eye nerve.

MmNGF is found in earlier research is most clear-
ly, the most important known neurotrophic fac-
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tor. The aim of this study is to determine the
relationship among mMNGF and nerve regenera-
tion after corneal surgery nerve damage.

Materials and methods
Materials

12 Belgian rabbits weighing 1.5 to 2.0 Kg were
purchased from the West China Experimental
Animal Center and were used in this study. All
experimental protocols conformed to the guide-
lines set out in the Association for research in
Vision and Ophthalmology (ARVO) Statement
for Use of Animals in Ophthalmic and Vision
Research and approved by the West China
Hospital Cancer Center’s Animal Care Commi-
ttee.

Methods

Twelve Belgian rabbits underwent LASIK treat-
ment on both eyes. The experimental rabbits
were anesthetized with ketamine hydrochloride
(Intramuscular 50 mg/kg). Then the topical
anesthesia of the surface of the eye was given
with 0.4% oxybuprocaine hydrochloride eye dr-
ops (Alcon Inc., Hunengerg, Switzerland). The
corneal stromal flap in LASIK-treated eyes were
created using a 110-um microkeratome (KM-
5000A, Kangming Inc., Wuxi, PR China). The
flaps were uncovered and covered. The mNGF
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Figure 3. In vivo confocal microscopic image of cor-
neal nerve fibre after 4 weeks LASIK. The number of
nerve fibers in the superficial stroma of mMNGF group
(A) is increased significantly than the BSS group
(B). The width of the area was central cornea 3 MM
(800x).

Figure 4. In vivo confocal microscopic image of cor-
neal nerve fibre after 8 weeks LASIK. Nerve fiber
quantity of mNGF group (A) is more than BSS group
(B). The width of the area was central cornea 3 MM
(800x%).

(100 pg/ml) (provided by a company) and the
balanced salt solution (BSS) were alternatively
administered in the left and right eye two times
every day for 8 weeks. After the surgery, tobra-
mycin eye drops (Alcon Inc., Couvreur, Belgium)
and fluorometholone eye drops (Santen Inc.,
Japan) were applied of both eyes for one week.

The corneal flap was placed on the center of the
cornea in vivo. We used corneal confocal
microscopy to scanning and imaging and sh-
owed corneal nerve fibers in the central portion
of the picture selection. The morphous change
and growth of the sub-basal nerve plexus and
superficial stroma were observed by in vivo con-
focal microscopy at the end of weeks 1, 2, 4
and 8 after the surgery. Mean values in each
group were compared with the normal control
values using a 2-tailed independent Student t
test. A P value < 0.05 was considered statisti-
cally significant. All statistical analysis were per-
formed using the SPSS software package [16].
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Results
Normal rabbit corneal nerves

Figure 1A shows the corneal epithelial cells
which on the 12 um layer from the surface of
the cornea. The cells are mosaic arranged in
clear cell borders with no significant distribu-
tion of nerve fibers.

Corneal stroma is in the corneal intermediate
layer, transparent, thick, accounting for 80-90%
of the total corneal volume mainly by collagen
fibers (Type | collagen). The cells and sensory
nerve are shown in Figure 1B with the distance
from the surface with 50 pm (shallow).
Fibroblast nucleus is egg-shaped corpuscles
with the strong reflected light (Corneal fibro-
blasts nuclei, black arrow). And it is connected
by a transparent thin layer (lamellae) of the
black area which contains a large number of
corneal mesh nerve fibers with the similar dis-
tribution position of the human nerve fibers.
The number of each image on the corneal fibers
is greater than 15.

Below the corneal stroma are corneal endothe-
lial cells. Figure 1C shows the rabbit corneal
endothelial cells. The cells are regularly ar-
ranged with the six prism monolayer like a hon-
eycomb, without significant nerve fiber distribu-
tion. Unlike epithelial cells, endothelial cells
undergo apoptosis but not regeneration and
the survival endothelial cells t fill the gap left by
apoptotic cells by the stretch to others.

Corneal nerve observed by confocal microcopy
after LASIK

After 1 week and 2 weeks, mMNGF group (Figure
2A, 2B) has significantly more number of nerve
fibers than the BSS group (Figure 2C, 2D) in the
superficial stroma (50 ym from the surface of
the cornea) (800x). The width of the area was
central cornea 3 mm. After 1 week, the tiny
nerve fibers have been found in both groups.
And nerve fibers of MNGF group grow several
curved, linear neuroblastoma, and occasionally
dendritic branch structure can be seen. After 2
weeks, mMNGF group has visible coarse, rod-like
nerve fibers, some of which forms sparse mesh.

Four weeks after the operation, the number of
nerve fibers in the superficial stroma of mMNGF
group (Figure 3A) is increased significantly than

Int J Clin Exp Med 2014;7(11):4584-4589



MNGF promotes nerve regeneration after LASIK

Table 1. Superficial stroma nerve fibers after
LASIK in mNGF group and BSS group

Time point BSS (n =6) mNGF (n =6) P

1 week 2.13+0.64 4.40+0.41 0.000356656
2 weeks 2.93+0.76 5.35+0.74 0.000028157
4 weeks 2.60£0.92 4.9840.90 0.004838645
8 weeks 3.21+0.45 7.00+1.72 0.003253497

the BSS group (Figure 3B), showing that new
nerve fibers collateral which is slender than the
normal nerve fiber. The branch increased each
other to form a collateral anastomosis.

After eight weeks, the fiber mesh structure in
superficial stroma of mMNGF group (Figure 4A)
compared to the BSS group (Figure 4B) forms
of a high density, number of nerve fibers than
normal branch. Nerve fiber quantity of mNGF
group is more than BSS group.

Statistical analysis of the number of nerve fi-
bers in the superficial stroma layer

Eight corneal confocal images of each the rab-
bit are randomly selected. The number of nerve
fibers was recorded for each images, paired t
test between the BSS the control group and
MmNGF experimental group has been done.
Figure 4A and shown in Table 1, the number of
corneal nerve fibers in the control group and
the experimental group after 1 week, 2 weeks,
4 weeks and 8 weeks, were statistically signifi-
cant (P < 0.05). The mNGF group has corneal
nerve regeneration promoting effect (Figure
4A).

The observation of same eye on different time
point is also analyzed by single factor variance
analysis. The results is below: (1) After 1 week,
2 weeks, 4 weeks, the changes in the number
of corneal nerve fibers in two groups were no
statistical significant (P > 0.05). After 8 weeks,
in mMNGF group, corneal nerve fiber number had
statistically significant (P < 0.05). It indicates
the natural regeneration progress of the nerve
was slow; (2) After 1 week, 2 weeks, 4 weeks,
nerve fibers in MNGF group was not statistically
significant (P > 0.05). 8 weeks after the sur-
gery, the number changes were significant (P <
0.05). The prompt mMNGF corneal nerve regen-
eration role was no significant difference in 1-4
weeks, after 8 weeks it was significantly en-
hanced.
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Discussion

This experiment establishes animal corneal
nerves mechanical injury model by doing the
LASIK surgery on Belgian rabbit to explore the
effect of the mNGF on the nerve regeneration
after LASIK surgery. NGF is a kind of secretory
protein which plays an important role of regula-
tion function on nerve development, differentia-
tion, survival, functional expression and signal
transduction [17]. NGF is one of the members of
neurotrophic factor (neurotrophin, NTFS) family,
which can prevent the death of nerve cells, with
many features of typical neurotransmitter mole-
cules [18]. NGF is synthesized and secreted by
corneal epithelial, endothelial, and corneal stro-
mal cells, and it can be up-taken by the sympa-
thetic or sensory nerve ending, then transported
retrograde to neuronal cell bodies where it induc-
es activity of the enzyme, thus promotes nerve
regeneration. The NGF functional receptor TrkA
is widely present in the corneal epithelial cells,
endothelial cells, stromal cells, limbal stem cells
and conjunctival epithelial cells [19, 20]. In this
study, exogenous NGF is administrated to
observe the role of NGF on corneal nerve regen-
eration after intervention corneal nerve damage.
Current clinical drug on promoting corneal nerve
recovery is still limited.

The ingredient used in this experiment is the NGF
which is extracted from the mouse submandibu-
lar with the molecular weight of 26.5KD. NGF is a
kind of biologically active protein with a promot-
ing nerve repairment role. Human corneal nerves
come from the ciliary nerves branches near the
limbus, issued radial nerve bundles along the
limbus into the upper 1/3 central layer of corneal
stroma, and perpendicular forwards to the sub-
cutaneous of the Bowman layer to form the sub-
cutaneous plexus. The small branches on the
plexus enter the basement membrane of the
basal cell and then lose Schwann sheath, locat-
ed in the corneal epithelial cells [3].

LASIK surgery on corneal nerve damage mainly
because. The lamellar microkeratome cuts the
subepithelial nerves and superficial stroma
nerves in the process of making the corneal flap.
And in the deep stroma below the flap, corneal
nerve has no change before and after surgery. In
addition, nerve damage laser is also caused by
ablation of the corneal stroma. The main nerve
regeneration on subcutaneous area and superfi-
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cial stroma after LASIK corneal flap comes
from the undamaged subepithelial nerve plex-
us surrounding the corneal flap and undam-
aged neural stem in the deep stroma. Linna
found that the corneal nerve damage which is
simply caused by the corneal flap without laser
is similar to LASIK surgery [21]. The rabbit cor-
nea structure and neuromorphic distribution is
similar to the human eye, and compared with
the mouse, strong refractive index of corneal
fibroblasts nucleus can be observed in the rab-
bit corneal stroma which is very similar to
human beings [1, 22]. Therefore, this study
selects rabbit as an animal model to simulate
the human cornea after LASIK nerve
regeneration.

Corneal confocal microscopy results show that
nerve fiber density in corneal flap local area is
significantly reduced after LASIK than normal
rabbits. LASIK surgery does cause nerve dam-
age of the subepithelial stroma area within the
corneal flap. In the subepithelial stroma (50 um
from the surface of the cornea), the number of
nerve fibers in MNGF group was significantly (P
< 0.05) more than the BSS group after 1, 2, 4,
8 weeks. Eight weeks after LASIK, fiber mesh
structure forms of high density of mMNGF group
compared to the BSS control group. mNGF pro-
motes the regeneration of nerve fibers. After 1
week, 2 weeks, 4 weeks, the changes in the
number of corneal nerve fibers in BSS control
group are not statistically significant (P > 0.05).
Eight weeks after LASIK compared to 1 week,
the changes in the number of corneal nerve
fibers in BSS control group are statistically sig-
nificant (P < 0.05), combined with morphologi-
cal observations, which suggest that the natu-
ral nerve repairment process is slow. After 1
week, 2 weeks, 4 weeks, mNGF group is not
statistically significant (P > 0.05). Some papers
showed that the bilateral nerve density can
affect each other. Yamaguchi et al. showed
immediate loss of subbasal nerves in axoto-
mized eyes and decreased subbasal nerves in
contralateral eyes after unilateral axotomy [23].
Patients with unilateral herpes zoster ophthal-
micus (HZO) demonstrated a profound and sig-
nificant bilateral loss of the corneal nerve plex-
us as compared with controls, demonstrating
bilateral changes in a clinically unilateral dis-
ease. Loss of corneal sensation strongly corre-
lated with subbasal nerve plexus alterations as
shown by in vivo confocal microscopy [24].
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Confocal microscopy is a method to observe
the cornea nerve in vivo, non-invasive. It can do
the observation of dynamic changes at differ-
ent time points in the different layers of tissue
with the advantages of high resolution, large
maghnification. The resolution is 1 ym and
amplification factor is to 1000 times, so that
the full layer can be observed at the cellular
level after LASIK morphology [25, 26]. It has a
direct access to investigate vivo corneal epithe-
lium, stroma, nerves and corneal thickness and
to provide objective, quantitative measurement
and analysis of data. mNGF is able to promote
the nerve regeneration after mechanical cor-
neal nerve injury. The duration of NGF adminis-
tration is a vital determinant of behavioral
recovery following corneal nerve injury.
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