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Autologous Activated Omental versus Allogeneic Adipose
Tissue-Derived Mesenchymal Stem Cells in Corneal Alkaline
Injury: An Experimental Study
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Purpose: To compare the effects of two types of mesenchymal stem cells (MSCs), activated omental cells (AOCs), and adipose tissue-derived
stem cells (ADSCs) in the healing process of animal model of ocular surface alkali injury.

Methods: An alkaline burn was induced on the ocular surfaces of eighteen rats divided randomly into three groups. The first and second groups
received subconjunctival AOCs and ADSCs, respectively. The control group received normal saline subconjunctival injection. On the 90™ day
after the injury, the eyes were examined using slit-lamp biomicroscopy. Corneal neovascularization and scarring were graded in a masked
fashion. Histological evaluation of the corneal scar was performed, and the number of inflammatory cells was evaluated.

Results: Corneal neovascularization scores revealed higher neovascularization in the control (0.49 + 0.12) than the AOC (0.80 + 0.20,
P=0.01) and ADSC groups (0.84 + 0.24, P = 0.007). There were no statistically significant differences between the neovascularization score
of the AOC and ADSC groups (P > 0.05). According to histologic evaluation, stromal infiltration was significantly more in the control group
compared to AOC and ADSC groups (P < 0.05).

Conclusions: Our results suggest that MSCs, even with different sources, can be used to promote wound healing after corneal chemical burns.
However, the ease of harvesting ADSC from more superficial fat sources makes this method more clinically applicable.
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INTRODU CTION In severe cases, corpeal conjunctivalizatif)n, Vascglariz.ation, and
chronic inflammation may lead to persistent epithelial defects
and poor vision.?* To overcome these complications, cell-based
therapy is a promising therapeutic approach.* Mesenchymal
stem cells (MSCs), a type of pluripotent stem cell, as a source
for repopulation of limbal stem cell and corneal stromal repair,
have attracted many researchers in recent decades.

Transparency of self-renewing corneal epithelium relies on
healthy limbal stem cells. It can be destroyed by severe ocular
surface injuries such as autoimmune, traumatic, or genetic
diseases.! One of the leading causes of limbal stem cell deficiency
is alkaline burn. Alkali can penetrate the corneal epithelium and
reaches the underlying stromal tissues. Consequently, increased
PH damages the limbus, clinically seen as limbal “blanching.”
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MSCs are originally derived from the bone marrow® and
subsequently isolated from various tissues like adipose tissue®
or omentum.”® They perform various beneficial effects which
promote wound healing including cell differentiation and
immunomodulatory properties that decrease the inflammation. %!
Omentum, a fatty tissue in mammals, called the “policeman of the
abdomen,” can migrate to the injured site, adhere to the wound,
and accelerate the healing process.'”' Some omental cells
express markers of adult stem cells (SDF—1o,, CXCR4, WT-1)
as well as embryonic pluripotent cells (Oct—4, Nanog, SSEA-1),"
while others can be activated by foreign bodies and become a
rich source of growth and angiogenic factors.!® Furthermore,
immunomodulator cells present in the omentum and play an
important role in reducing inflammation by suppressing Th17
cells." The effects of omental cells in corneal limbal alkaline
burns were evaluated in previous studies.!”!®

Adipose tissue-derived stem cells (ADSCs) are another kind of
MSCs that have the capacity to differentiate into specific cells,
depending on the microenvironment. Moreover, some of their
paracrine effects such as anti-angiogenesis, anti-inflammation,
and anti-fibrosis properties were described previously. 120

To determine which kind of MSCs are more effective, we
compared autologous activated omental cell (AOCs) with
allogeneic ADSCs on the healing process of corneal alkali
injury. Since all previous studies'®!® evaluated the effects
of these cells in a brief period, we decided to observe the
long-term outcome of these cells in corneal wound healing.

MEeTHODS

Eighteen adult male Sprague Dawley rats (250-300 g)
were enrolled in the study. They had free access to food
and water and were kept under a 12-h light-dark cycle and
temperature-controlled conditions (25°C). The study was
approved by the Ethics Committee of Shiraz University
of Medical Sciences and adhered to the guidelines of the
International Council for Laboratory Animal Science, Brussels,
BELGIUM (ICLAS). All procedures were performed on the
animals under general anesthesia with ketamine (100 mg/kg
body weight) and xylazine (5 mg/kg body weight). Topical
0.5% tetracaine was applied on the eyes prior to the induction
of corneal alkali injury. They were randomly divided into three
groups of six rats. The corneal alkaline burn was induced on the
one eye of each animal. Donut-shaped filter paper rings (with 8
mm outside and 4 mm inside diameter) soaked in 0.5 N NaOH
were placed on the corneas for 20 s. Then the eyes were rinsed
with sterile normal saline until pH returned to normal.

Two days after alkaline burn induction, equal amounts (0.1 ml)
of either autologous AOCs, allogeneic ADSC, or normal
saline was injected around the limbus in Groups 1, 2, and 3,
respectively.

Preparation of autologous activated omental cells
AOCs were isolated from rat omentum according to previous
reports.'*1%1821 Five days before alkaline burn induction, the
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rats in Group 1 were injected intraperitoneally with 5 ml of
polydextran particle slurry (Bio-gel P-60, Biorad Laboratories,
Richmond, California) 1:1 in phosphate-buffered saline (PBS).
Seven days later (two days after alkali injury), the rats were
anesthetized, and the expanded omentum of each rat was
harvested aseptically and gently chopped into small pieces.
These pieces were then digested by 1 mg/ml of collagenase
type I (Sigma, St. Louis, MO) for 30 min at 37°C. A ficoll
gradient was used to wash and separate AOCs. The cells lying
on the interface were passed through a cell strainer. After
washing and centrifugation, they were suspended in sterile
saline and immediately moved to the operating room for
injection in the AOC group. Each rat received its autologous
AOCs.

Preparation of allogeneic adipose tissue-derived stem
cell

To prepare allogeneic ADSCs, we anesthetized one female
donor rat. Fragments of adipose tissue isolated from its
pelvic area were washed with PBS, minced into small pieces,
and digested by 0.2% collagenase type I (GIBCO, USA) at
37°C. The digested tissue was centrifuged (1500 RPM) and
the pellet, including the adherent stromal cells, was carefully
put on Ficoll-Paque (Biosera, UK) and centrifuged again.
The second white layer, stromal vascular fraction (SVF), was
transferred into a tube and washed with PBS. The SVF pellet
was re-suspended in DMEM culture medium (GIBCO, USA)
containing 10% fetal bovine serum (GIBCO, USA) and 1%
penicillin/streptomycin (Biosera, UK). Nonadherent cells
were discarded after 24 h of culturing. The adherent cells were
cultured by changing the medium every 4 days and harvested
in passage 3 after nearly 30 days of culturing. The quality of
cultured cells was assessed morphologically by their spindle
shape and positivity for the expression of mesenchymal specific
markers: CD44 and CD90.

Surgical procedures

Similar to a previous study,'® two days after burn induction,
Group 1 received subconjunctival injection of 0.5 x 109,
freshly isolated autologous AOCs/eye in 0.1 ml sterile saline.
The total volume was divided among 3 different locations at
2, 6, and 10 o’clock around the corneas about 2 mm from the
limbus. In Group 2, 0.5 x 10° ADSCs/eye in 0.1 ml sterile
saline were injected exactly in the same way as described
for Group 1. In the control group, the rats received only 0.1
ml PBS subconjunctivally 2 days after the alkaline burn. All
animals were treated with topical chloramphenicol 0.5% eye
drops (Chlobiotic, Sina Daru, Tehran, Iran) one drop three
times a day for 3 days.

All three groups were followed up and examined on
the 90" day after the procedure. Gross and slit-lamp
biomicroscopy photos were captured by Canon G12
camera [Figures 1 and 2].

Captured slit-lamp images of all rats were analyzed and
processed with the MatLab application (R2017a) in the aspect
of corneal neovascularization. Gabor filter and supervised
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Control-2

Control-1

Figure 1: Effects of activated omental cell (AOC), adipose tissue-derived stem cell (ADSC) on limbal alkaline corneal injury after three months. Gross
images by Canon G12 camera. AOCs, ADSCs, and control group are illustrated in the first, second, and third rows, respectively. Two of six eyes in the
control group developed auto evisceration. Another two eyes developed thin descemetocele. No eyes in cell injected groups developed these complications

classification were used in the texture analysis and detection
corneal neovascularization.”? Data from central 4 mm diameter
of the corneas were scored from 0 to 1 (0 indicated severe
vascularization and 1 revealed clear cornea) in a masked
fashion. Dilated limbal vessels which did not penetrate the
corneal stroma were not considered representative of corneal
neovascularization.

On the 90™ day of the study, all the subjects were euthanized,
and enucleation was performed. The eyes were fixed in 10%
formaldehyde. Then 5-micrometer histologic sections from
the center of the cornea were stained with H&E and evaluated
with light microscope at x100 magnification (Olympus, BX41
Japan). The pictures were taken with a digital camera.

Histologic evaluation was done in the aspects of corneal
infiltration, vascularization, and scar. Three fields in the
paracenteal area of each sample were used for neutrophil cell
counting. Accordingly, the amount of infiltration was graded
as mild, moderate, or severe.”* The amount of vascularization
was assessed and graded under X400 magnification of light
microscope: near normal: no vessel in the stromal tissue; mild:
1-2 vessels in the anterior stroma; moderate: 3—5 vessels in
up to the half depth of the stroma; and severe: the presence of
neovascularization in the entire thickness of the cornea. The
severity of scaring was graded as mild, moderate, or severe,
according to the increase in the number of observed keratocytes
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as well as regularity of collagen lamellae in comparison to the
same areas in normal cornea [Figure 3].

Statistical analysis

Two eyes in the control group were excluded because of
auto-evisceration. All data were analyzed using SPSS software
version 22.0 (IBM Corp, Armonk, N.Y., USA), and the data
were expressed as mean + standard deviation. The normal
distribution of variables was verified using the Shapiro—Wilk.

Quantitative statistical analysis between the animal model of
corneal burns injected with stem cells activated omentum or
control group was performed using independent Student’s #-test for
parametric data and Kruskal-Wallis for nonparametric, qualitative
data. P <0.05 was considered to be statistically significant.

ResuLts

Corneal neovascularization score in the control
group (0.49 + 0.12) was statistically greater than the AOC
group (0.80 + 0.20, P = 0.01) and also greater than the ADSC
group (0.84 + 0.24, P = 0.007) [Figure 4]. There was no
statistically significant difference between the AOC and ADSC
injected groups regarding corneal neovascularization (P =0.66).

Corneal scar and neovascularization were more severe in
the control group compared to the ADSC group [P = 0.022
and P = 0.011, respectively, Table 1]. However, the
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Control-2

Figure 2: Slit-lamp images of rat corneas in activated omental cell, adipose tissue-derived stem cell, and control Group (C). Note the central corneal
clarity and minimal amount of neovascularization in the cell injected groups. Compared to dense corneal neovascularization in the control group

Figure 3: Effects of activated omental cell (AOC), and adipose tissue-derived stem cell (ADSC) on corneal histology after three months of limbal
corneal alkali injury. Light microscopy findings with representative H&E stained corneal sections from the AOCs (b), ADSCs (c), and control Group (a),
with a x 100 magnification. Note less amount of leukocyte infiltration in the corneal stroma and almost normal epithelium, more organized collagen
lamellae with minimum scar in AOCs and ADSCs injected groups compared to the control group

statistical analysis failed to show a significant difference in
these areas between the control and AOC groups P = 0.45].

On histologic evaluation, in the control group, the severity
of cellular infiltration into the stroma was significantly
more compared with the AOC group (P = 0.038) and
ADSC group (P =0.018) [Figure 5], and the collagen bundles
were more swollen and irregular than the cell treated groups.

Discussion

After corneal chemical burn, inflammatory cells are recruited
into the injured cornea by inflammatory mediators and
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chemotactic factors immediately released by the epithelial
and other local cells. At 12-24 h after the original injury, the
innate immune cells (such as neutrophils and macrophages)
arrive in the stroma and release more inflammatory mediators.>*
Therefore, inhibiting this inflammatory reaction in the early
stage is critical for perfect healing.”> MSCs provide an effective
pathway to suppress inflammation.

Numerous evidences show that AOCs and ADSCs have MSC
properties'* and can enhance the tissue regeneration through
a similar mechanism of action.?*” MSCs are spindle-shaped
cells that can rapidly expand in the culture media.?®? Studies
have shown that these cells enhance wound healing and
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Table 1: Histologic findings of the corneal specimen in the aspects of corneal neovascularization, stromal scar and

inflammatory cell infiltration 90 days after the injury

Histologic findings Number of eyes Study groups Near normal (%) Mild (%) Moderate (%) Severe (%)
Neovascularization 6 AOC 50 24 16

4 ADSC 60 40

4 Control 25 75
Stromal scar 6 AOC 35 65

4 ADSC 80 20

4 Control 20 50 30
Inflammatory cell 6 AOC 33 33 33
infiltration 4 ADSC 80 20

4 Control 25 50 25

AOC: Activated omental cell, ADSC: Adipose tissue-derived stem cell

Stormal neovascularization
90
80
70
60
50
40
30
20
10

A .

AO SC CONT

AN

#Nil = Mild ®Moderate M Severe

Figure 4: Severity of corneal neovascularization in three groups: activated
omental cell, adipose tissue-derived stem cell, and CONT (control). The
area of neovascularization was significantly smaller in the cell injected
groups than in the control group suggesting an inhibitory effect of these
kinds of cells on corneal neovascularization

promote tissue formation®**! through different mechanisms.
They can differentiate into other tissues such as the brain,
muscle, fat, and liver,* or even corneal epithelium.>33
Gu et al. demonstrated that MSCs could differentiate into
corneal epithelial-like cells, which express corneal-specific
markers.** Direct differentiation of these cells to corneal
epithelial cells and even stromal cells was confirmed in other
studies.’*** In contrast, some researchers have denied the
trans-differentiation hypothesis for MSCs and emphasized
other properties of these cells.?¢-®

Furthermore, immunomodulatory properties of these cells are
carried out by inhibiting the expression of pro-inflammatory
factors such as cluster of differentiation 45+ (CD45+),
interleukin -2, (IL-2), matrix metalloproteinase-2, and
tumor necrosis factor-alpha.’¢3® Another described
immunomodulatory mechanism is suppressing the infiltration
of adaptive CD4 + T cells and their related cytokines (IL-2,
interferon-c).’” Wound healing can be promoted by these cells
through supporting angiogenesis and expression of various
growth factors and cytokine genes.”3¢%

Like other studies in this field,'”!®* we observed that the
corneal healing was effectively enhanced by autologous
AOC:s and allogeneic ADSC in comparison with the control
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Figure 5: Severity of stromal infiltration in three groups: activated omental
cell, adipose tissue-derived stem cell, and CONT (control)

group. Corneal neovascularization was significantly lower
in the cell-injected groups, suggesting that AOCs or ADSCs
were not pro-angiogenic in the corneal tissue. In other words,
the microenvironment may play a critical role to determine
the final designation of stem cells and cause them to secrete
different kinds of hormones and growth factors, based on
the nature of the tissue. Yao et al. showed that vascular
endothelial growth factor levels were significantly fewer in
the MSC-treated corneas than in the sham group, leading to a
decrease in corneal neovascularization.

It has been shown that, after treatment of alkaline burned eyes
with MSCs, the regenerated corneal epithelial cells produce
a variety of anti-angiogenic factors such as angiostatin and
restin that help to maintain avascularity and regression of the
corneal blood vessels.***

Our study revealed that AOCs and ADSCs were equally
effective in alkaline injury of the ocular surface in terms of
prevention of corneal neovascularization and stromal scarring.
No significant adverse effects were observed and, therefore,
this modality can be applied as an effective treatment to
promote healing and prevent complications in severe chemical
eye injuries.

Although the autologous AOC can be prepared in a shorter
period compared to allogeneic ADSC (7 days in comparison
to 1 month, respectively), and the extracted AOCs are fresher

Journal of Current Ophthalmology | Volume 33 | Issue 2 | April-June 2021



Shadmani, et al.: Activated omental cells versus fat-derived stem cells in ocular surface burn

than the ADSCs obtained from the culture plate, the main
advantage of ADSC over AOC is that it can be harvested easily
with minimal invasive surgery.

There were no significant differences in the final healing result
of autologous AOCs with allogeneic ADSCs. According to
previous studies, this can be due to the low expression of major
histocompatibility Class II on these cells.*

Despite the ADSC group, on the histological examination,
there were no statistically significant differences in the corneal
scar and neovascularization between the control and AOC
groups. This may be the result of two auto-eviscerated eyes
that occurred in the control group that may play the role of
a confounding factor which masked and underestimated the
severity of the corneal scar and neovascularization in the
control group. However, the possibility of clearer cornea in
ADSC group due to more beneficial effects of these cells
compare to AOCs could not be ruled out. This difference was
not approved statistically.

This study was limited by the low number of animals, limited
clinical assessment of the rats, semi-quantitative data, and
nonextensive histological evaluation. Moreover, the assessment
of the exact markers of AOCs and ADSC:s is lacking.

In conclusion, we showed the effective use of two types of
cells in the management of ocular surface burn. Further studies
are required to compare the effects and possible mechanisms
of action of these cells in enhancing the corneal regeneration.
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