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Abstract

Objective: To evaluate the viability of a scaffold containing orbital adipose
stem cells (OASC) and platelet rich growth factor (PRGF) and its wound
healing effect on conjunctiva for potential use in cicatricial conjunctival
disease.

Methods: Orbital fat containing OASCs was obtained from medial
fat during routine eyelid surgeries performed between 2019 and 2022.
The processed orbital fat was combined with activated platelet rich
plasma (aPRP) to create an aPRP/Orbital fat complex. Human primary
conjunctival epithelial cells (HPCEC) were seeded and treated with
different experimental conditions: 1) HPCEC with aPRP only, 2) HPCEC
with orbital fat only, and 3) HPCEC with aPRP/Orbital fat complex.
Cell proliferation assay was assessed at different time points. Cell
migration assay was then performed to evaluate for wound closure, and
immunofluorescence staining was used to characterize the cells in the
different conditions.

Results: Proliferation assay using CyQUANT illustrated that aPRP/
Orbital fat complex contributes the greatest to cell proliferation. HPCEC
incubated with aPRP and aPRP/Orbital fat complex further demonstrated
migration and complete wound closure at 96 hours. After removal of
experimental condition, the HPCEC regained normal morphology and
eventually reached confluency in the aPRP/Orbital fat complex condition.
Immunofluorescence staining revealed positive staining for CK13 and
CD34 in HPCEC treated with aPRP/Orbital fat complex.

Conclusion: We demonstrate here that aPRP/Orbital fat complex scaffold
can facilitate conjunctival cell proliferation. This scaffold has regenerative
and anti-fibrotic properties that may further promote conjunctival wound
healing.

Keywords: Orbital adipose tissue, platelet-rich plasma, fibrin membrane,
conjunctival regeneration, ocular surface regeneration, wound healing,
adipose-derived stem cells, plasma rich in growth factors (PGRF)

Introduction

Cicatrizing conjunctivitis is a sight threatening condition characterized by
conjunctival inflammation and scarring. It can present as part of a multisystem
disorder or as a primary ocular disease [1]. Causes of cicatrizing conjunctivitis
include autoimmune processes and toxic exposures. Presentation of cicatrizing
conjunctivitis can vary from subtle fibrosis to extensive symblepharon
formation and forniceal shortening [1, 2]. In advanced cases, keratin
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deposition along the ocular surface, architectural changes of
the mucocutaneous junction, associated lid malposition, and
trichiasis can be seen. Uncontrolled or untreated cicatrizing
conjunctivitis may lead to limbal stem cell deficiency resulting
in pannus formation, keratopathy, corneal perforation,
and even complete loss of vision [3]. Current treatment of
cicatrizing conjunctivitis focuses primarily on arresting
further progression of cicatrization to prevent the downstream
sequelae of further complications such as keratopathy.
However, options for treatment remain very limited for those
who suffer from extensive fibrosis and keratinization of the
eyelid margins and ocular surface. Aggressive lubrication is
essential and oral immunosuppression may be necessary in
the setting of systemic diseases. When medical therapy alone
is not sufficient, amniotic membrane and mucous membrane
graft have been utilized to surgically treat the lid margin
and tarsal conjunctiva especially in the setting of extensive
keratinization [4-6]. These grafts involve foreign tissue and
often serve only as a temporizing measure. Furthermore, they
may not be suitable in patients who have systemic mucous
membrane involvement.

Socket contracture is another disease process (in this
case involving anophthalmic sockets) where there is
inadequate healthy conjunctival tissue. Socket contracture
can result from trauma, excessive conjunctival dissection
during enucleation or evisceration, irradiation, cicatrizing
diseases of the ocular surface, and scarring after prior surgery
[7]. A myriad of different materials are used for surgical
correction of socket contracture including conjunctiva grafts,
polytetrafluorethylene, mucous membrane, hard palate, oral
mucosa, skin, fascia lata, and dermis fat grafts [8-15]. More
recent interventions include the use of ultra-thick umbilical
amnion and hard palate-dermis fat composite grafts in the
reconstruction of an anophthalmic socket [16, 17]. While
many graft options have been proposed, recurrent contracture
with unpredictable results often leads to unsatisfactory
outcomes. Orbital adipose tissue is abundant and easily
accessible during routine ophthalmic surgeries, such as upper
and lower lid blepharoplasties [18]. It contains a unique
population of stem cells known as orbital adipose-derived
stem cells (OASC). Unlike mesodermal adipose-derived
stem cells found in subcutaneous fat, OASC from the upper
eyelid medial fat and lower eyelid fat are neural-crest in
origin [19]. These highly specialized stem cells have been
shown to possess multi-lineage differentiation potential
under specific induction conditions, including expression into
smooth muscle and neuronal lineages [20]. Their neural crest
origin is of particular interest given its therapeutic potential
in ophthalmology. Meanwhile, plasma rich in growth factors
(PRGF) contain a high concentration of platelets, proteins
and growth factors that promote wound healing. These
proteins include platelet-derived growth factor, transforming
growth factor, vascular endothelial growth factor, and

epidermal growth factor [21]. Interestingly, PGRF contains a
fibrin network that may provide a natural scaffold to promote
wound healing. A previous study showed that autologous
PRGF promotes healing and regeneration of the ocular
surface, especially in the healing of corneal epithelial defects
[22]. Furthermore, it has also been shown to be effective in
the treatment of dry eyes and tissue regeneration [23, 24].
The combination of adipose stem cells with PRGF may have
synergistic effect in wound healing, as the combination have
been shown to significantly improve wound healing when
compared to platelet rich plasma or adipose stem cells alone
[25]. Although promising, further study is still needed to
investigate the role of PRGF in combination with OASC
in wound healing and tissue regeneration in orbital and
conjunctival tissue.

Based on the effect of PRGF on wound healing and the
neural crest derivation of OASCs, we hypothesize that OASC
on a PRGF scaffold may enhance conjunctival regeneration
in cicatrizing conjunctivitis and forniceal contracture. The
purpose of this study is to first assess the viability of OASC
on a PRGF scaffold; next we seek to determine the effect of
the OASC-PRGF scaffold on conjunctival wound healing
in-vitro. As PRGF has previously been used in several
conjunctival applications [23, 24], and orbital fat can be
easily obtained through medial upper eyelid or lower eyelid
blepharoplasty incisions, the combination may provide an
improved and easily accessible surgical option for patients
with conjunctival cicatrization or forniceal contracture.

Methods

This was an experimental study (IRB Protocol #20110692).
All procedures were approved by the Institutional Review
Board and is HIPAA compliant. This study adheres to the
principles of the Declaration of Helsinki.

Orbital Adipose Tissue Collection

Orbital fat was obtained from routine eyelid surgeries
performedbetween2019and2022byasinglesurgeon. Informed
written consent was obtained from all subjects after thorough
explanation of the nature and the possible consequences of
the study. Orbital fat from lower lid blepharoplasties and
medial fat from upper eyelid blepharoplasties were obtained
during routine blepharoplasties. The fat was then placed
on ice and in serum free media (SFM) (ScienCell, Corneal
Epithelial Cell Medium CEpiCM, Cat. #6511) within 4 hours
of harvesting for processing.

Activated Platelet Rich Plasma (aPRP) Collection
and Preparation

After review of risks and benefits of the study, patients
were consented to blood draw. Blood from volunteers was
obtained by venipuncture in the arm and drawn into non-
pyrogenic 9 mL vacuum tubes with 3.8% sodium citrate as
anticoagulant (BTI, A201236C). The study blood underwent
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centrifugation at 460g (2027 rpm) for 8 minutes at 5°C in
the Eppendorf Centrifuge 5804 R to separate the red blood
cells from the plasma. After centrifugation, the plasma was
decanted into a separate tube, to which 20.2 uL of CaCl, was
immediately added and gently mixed by pipetting for platelet
lysis to obtain activated platelet rich plasma (aPRP). Frozen
samples were stored for 3 months at -20°C.

Preparation of Orbital Adipose Tissue and aPRP
Membrane

Orbital fat obtained from routine blepharoplasties was
washed several times with SFM to remove blood prior to being
processed. The tissue was then cut into pieces approximately
3 mm in size (Figure 1A). One 3 mm piece of fat was placed
into each well of a 96-well plate, and four pieces of fat were
placed into a 24-well plate (Figure 1B). Immediately after,
100 pL of fresh aPRP was added to the 96-well plate and
500 pL of fresh aPRP was added to the 24-well plate (Figure
1C). The plates were then incubated for about 20 minutes at
37°C until the aPRP/Orbital fat membrane was formed and
solidified (Figure 1D).

Conjunctival Epithelial Cell Culture

Human Primary Conjunctival Epithelial Cells (HPCEC)
(ScienCell Catalog #6630 CA, US) were seeded from nitrogen
on a poly-L-lysine (2 pg/ cm?) coated 24-well plates at 1.25
x 10%/cm? and placed in 500 mL of Corneal Epithelial Cell
Medium (ScienCell CEpiCM, Cat. #6511), 5 mL of corneal
epithelial cell growth supplement (ScienCell CEpiCGS, Cat.
No. 6552,) and 5 mL of penicillin/streptomycin solution
(ScienCell P/S, Cat. No. 0503). Cells were then cultured
in a 37°C, 5% CO, incubator until cells were at least 70%
confluent before the first passage. Media was changed every
2 to 3 days.

Cell Proliferation Assay

HPCECs were seeded on four 96-well plates at a density
of 2 x 10%cm?, and grown with Corneal Epithelial Cell
Medium (ScienCell CEpiCM, Cat. #6511) ina 37°C, 5% CO,
incubator until at least 40% confluency was reached. Once
confluent, the growth media was aspirated and replaced with
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SFM for 72 hours to deaccelerate cell growth. After 72 hours,
the SFM media was removed and experimental conditions
were added and left to incubate in a 37°C, 5% CO, incubator
for 5 minutes before new SFM media was added and placed
back into the incubator overnight. Conditions included a)
SFM only serving as control, b) SFM and aPRP membrane,
¢) SFM and orbital fat, and d) SFM and aPRP/Orbital fat
membrane complex. CyQUANT NF Proliferation Assay
Kit (Thermo Fisher Scientific) was used to determine cell
proliferation every 48 hours for the following time points: 0,
48, 96, and 144 hours.

Cell Migration Assay

HPCECs were seeded on 24-well plates at a density of 5
x 10%/cm?, and grown with Corneal Epithelial Cell Medium
(ScienCell CEpiCM, Cat. #6511) in a 37°C, 5% CO,
incubator until at least 70% confluency was reached. HPCECs
were then incubated with SFM for 24 hours to deaccelerate
cell growth. Next, a scratch (or wound) was made down the
center of each well using SPLScar™ Scratcher 24-well (SPL
lifescience), and images of the initial scratch were taken using
a Keyence BZ-X800 fluorescence microscope. Experimental
conditions were a) serum free media (SFM), b) SFM and
aPRP membrane, ¢) SFM and orbital fat, and d) SFM and
aPRP/Orbital fat membrane complex. Images were taken
with a Keyence BZ-X800 fluorescence microscope every 48
hours for a total of 144 hours. Once a corresponding timepoint
was imaged the tissues were removed to be fixed, while the
cells were kept in the well with SFM until all timepoints
were complete. Once all timepoints were imaged, the cells
were immediately fixed with 100% cold methanol and stored
in Phosphate Buffer Saline (PBS) in a 4°C refrigerator.
The removal of the membrane at the end of the experiment
simulates our clinical experience, as the aPRP membrane
typically dissolves within 7 to 14 days in-vivo.

Cell Morphology Evaluation

Following aPRP/Orbital fat membrane complex removal,
growth media was added to the HPCECs to assess cell
morphology. Growth media was replenished every other day
for a total of 10 days.

Figure 1: A) Fat extracted from intraoperative blepharoplasty was cut into 3mm pieces. B) The processed fat was plated. C) aPRP was added to
each well containing fat. D) aPRP activation with calcium chloride and incubation at 37°C for 30 minutes aPRP/Orbital fat complex membrane
was formed.
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Figure 2: Proliferation assay. Cells incubated with serum free media
served as control. Highest reading was seen with cells incubated
with the aPRP/Orbital fat membrane, peaking at 96 hours.

Figure 3: A) Control showed minimal number of cells over
“wound” (within dotted lines) at 96 hours; B) aPRP condition shows
growth of fibroblastic-appearing cells in the “wound”; C) In fat only
condition, minimal migration of cells over the “wound” area was
seen. D) in aPRP/Orbital fat complex, increased cell growth with
migration of cells over “wound” area noted with cells appearing less
fibroblastic.

Cell/tissue Characterization

To evaluate for the morphology after removal of
experimental conditions, phase contrast photographs in
4X magnification were taken at each timepoint. Additional
staining for immunofluorescence was done with conjunctival
cell marker CKI13 and mesenchymal stem cell marker
CD34. HPCECs and tissue removed from the migration
assay were fixed with 100% cold methanol for 5 minutes
at -20°C. Tissues were then washed PBS three times for 5
minutes, then permeabilized with 0.3% Triton X-100 (Sigma-
Aldrich, Saint Louis, MO, USA) in PBS for 15 minutes at
room temperature, and blocked with 0.2% BSA (Sigma-
Aldrich, Saint Louis, MO, USA) in PBS for one hour at
room temperature before the addition of primary antibodies
for immunofluorescence staining overnight at 4°C. Primary
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antibodies used were: mouse monoclonal anti-cytokeratin 13
(Abcam, Cat# ab16112) and rabbit monoclonal recombinant
anti-CD34 (Abcam; Cat # ab81289). Tissues were then
washed three times with PBS for 5 minutes and then
incubated with a 1:200 dilution of Alexa Fluor 488-goat anti-
mouse or anti-rabbit or 594-goat anti-mouse or anti-rabbit
conjugated secondary antibodies (Thermo Fisher Scientific)
for one hour at room temperature. aPRP membranes, orbital
fat, and aPRP/Orbital fat membrane complex were analyzed
by immunofluorescence. Tissues were then imaged using the
Keyence BZ-X800 analyzer fluorescence microscope and a
Leica SP8 scanning laser confocal microscope.

Results
aPRP/Orbital Fat Complex Formation

Orbital fat was obtained from bilateral blepharoplasty
surgeries from a total of 9 patients (n=9). Using the methods
described above, the aPRP/Orbital fat complex was formed
after combination of processed orbital fat and aPRP. As shown
in Figure 1D, the cut orbital fat is noted to be incorporated
into the PRGF with the subsequent formation of a membrane
complex.

Cell Proliferation Assay

Cell proliferation fluorescence at different time points was
recorded in Figure 2. Cells incubated with the aPRP/Orbital
fat membrane had the highest readings for all timepoints but
started to decrease at 144 hours. The cells incubated with
the aPRP only condition was shown to have some growth
of epithelial cells but to a lesser extent compared to aPRP/
Orbital fat membrane. Cells incubated with the orbital fat
only condition showed cell death.

Cell Migration Assay

To imitate the clinical condition of membrane dissolution
around post-operative day 14, the experimental membranes
were removed. At the time of membrane removal, some
conjunctival cells were noted to lift from the plate in the aPRP
only and aPRP/Orbital fat complex condition as they were
partially attached to the aPRP and aPRP/Orbital fat complex
membrane. As seen in Figure 3, at 96 hours the aPRP alone
condition (Figure 3B) and the aPRP/Orbital fat membrane
condition (Figure 3D) was noted to have complete wound
closure when compared to the other conditions. HPCECs
incubated with the aPRP at 96 hours appeared fibroblastic.
HPCECs incubated with the aPRP/Orbital fat membrane at
96 hours appeared less fibroblastic than the cells at 48 hours.
HPCECs at 96 hours incubated with the orbital fat only
(Figure 3C) appear to be dying. Conjunctival cells in the
aPRP/Fat complex initially appear fibroblastic. However, the
conjunctival cells were shown to reach confluence and revert
to normal morphology at day 10.
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Characterization via Immunofluorescence Staining

HPCECs from the migration assay were characterized via
immunofluorescence staining. HPCECs incubated with aPRP
only, orbital fat only, and aPRP/Orbital fat complex all showed
positive immunofluorescence staining of the CK13 (Figure
4). HPCECs incubated with the orbital fat only condition
and aPRP/Orbital fat membrane condition showed positive
immunofluorescence staining for CD34, demonstrating that
viable mesenchymal stem cells were present. No staining for
CD34 was seen in the aPRP-only condition at 96 hours.

A. aPRP B. Fat

C. aPRP + Fat

DAPI

SOX2 (-+4)

KO (++4)

Merged

Figure 4: DAPI (4°, 6-diamidino-2-phenylindole) staining positive
for all three conditions. CK13 (conjunctival cell marker) stained
positively in all three experimental conditions. CD34 (mesenchymal
cell marker) stained positively in condition B and condition C. It
was negative in condition A. On the merged images, there is positive
staining of both conjunctival and mesenchymal cell markers in
condition C.

Discussion

Conjunctival fibrosis is a complex process that involves
several pathways including inflammation, proliferation,
and tissue remodeling. Key factors such as myofibroblasts,
TGF-B, and fibroblast growth factor have all been shown
to contribute to fibrosis [26-28]. Cicatrizing conjunctivitis
with extensive fibrosis is particularly challenging to treat.
Despite aggressive lubrication and immunosuppression,
many patients require further surgical management due to
symblepharon formation and fibrosis. Available options today
include the excision of scar tissue with placement of amniotic
or mucous membrane graft [4-6]. However, the absence of
healthy conjunctival tissue in patients leads to unpredictable
wound healing and surgical outcomes. In patients with
mucous membrane involvement of systemic disease, donor

site morbidity may be another concern for those requiring
multiple mucous membrane graft.

Socket contracture is another condition where limited
healthy conjunctiva is present. Treatment is typically surgical
grafting to expand the anophthalmic socket. Oral mucosa such
as labial or buccal mucous membrane graft has been widely
used. However, these grafts involve donor site morbidity, and
unpredictable post-operative contracture can still be seen [7,
29]. Amniotic membrane has been a popular adjunct given its
unique anti-inflammatory and anti-fibrotic properties and its
ability to promote epithelization [30, 31]. But with no viable
epithelial cells, amniotic membranes require epithelialization
by healthy proliferative conjunctival cells. As a result, their
utility is limited in the setting of severe cicatrization [32, 33].
In addition, as amniotic grafts may only reduce the degree of
fibrosis that occurs, studies have advocated for the concurrent
application of antifibrotic medication such as mitomycin C in
these cases [34]. Although several other grafting options have
been proposed, recurrent contracture due to graft absorption,
poor cell viability and donor site morbidity continues to be a
dilemma for clinicians [16, 17].

In both cicatrizing conjunctivitis and orbital contracture,
the ideal graft for surgical treatment would be one that
is durable, contains anti-fibrotic and anti-inflammatory
properties, can provide healthy substitute of conjunctiva
tissue, and is easily obtainable without donor site morbidity.
We propose here a combined orbital fat and aPRP scaffold as
a treatment option for cicatrizing conjunctivitis and orbital
contracture. The medial orbital fat contains OASCs that are
neural crest in origin and have been shown to possess multi-
lineage differentiation [19, 20]. Particularly, OASC have
been demonstrated to differentiate into polygonal epithelial-
like cells expressing epithelial-specific antigen after mix-
culture with corneal epithelial cells [35]. In-vivo studies have
shown that OASCs may have anti-inflammatory effects in the
setting of acute corneal injuries via inhibition of macrophage
infiltration and subsequent production of pro-inflammatory
molecules [36]. Furthermore, transplanted OASCs have been
shown to differentiate into corneal epithelial linage [36]. On
the other hand, aPRP is integral in regeneration of tissue and
bone, including the promotion of osteogenic induction via
increasing the proliferation and migration of osteoblasts [37,
38]. Other studies have shown that autologous aPRP promotes
healing and regeneration of the ocular surface, especially in
cases of corneal epithelial defects [22]. The combination of
adipose stem cells with aPRP may have synergistic effect
in wound healing [25]. Platelet derived growth factors may
function as important signaling ligand for adipose stem cells
and to stimulate vascularization and wound repair [25].

In our study, we demonstrate a technique to create an
aPRP/Orbital fat complex scaffold containing OASC and
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aPRP. Figure 1 demonstrates a membrane scaffold of aPRP/
Orbital fat complex that can be easily harvested and processed
intraoperatively. This membrane can be easily manipulated
and can readily be sutured onto the ocular surface. In our
proliferation assay (Figure 2), cells incubated with the aPRP/
Orbital fat complex show the greatest growth. This is likely
due to regenerative effects of the aPRP/Orbital fat complex.
However, decrease in reading after 96 hours likely is due
to cells dying after depleting growth factors from aPRP. In
the clinical setting, patients would be provided with topical
PRGF after surgery to support cells until the complex has been
integrated into the patient’s vasculature. The condition with
orbital fat only demonstrates that there is likely cell death, as
the orbital fat initially contains many cells but does not have
the necessary growth factors in the media for continued cell
survival and growth. Without additional orbital fat stem cells,
the condition of aPRP-only shows some growth of epithelial
cell but comparatively less than the aPRP/Orbital fat complex.
However, cell growth is observed which may reflect that aPRP
contains important modulators for cell growth. It is important
to note that the addition of orbital fat and aPRP/Orbital fat
complex would inherently lead to an increase in cell number.
However, when comparing the condition of aPRP/Orbital fat
complex with orbital fat only condition, there was an increase
of fluorescence intensity reading over time in the condition
with aPRP/Orbital fat complex, showing that aPRP serves an
important moderator in cell proliferation.

To mimic the clinical condition of scaffold dissolution in-
vivo, we subsequently removed the experimental condition
from each plate. The migration assay assessed the migratory
response of cells in the “wound area” created by a scratch on
the well plate. It was noted that some conjunctival cells were
likely dislodged with the experimental condition of membrane
removal, particularly with the aPRP and aPRP/Orbital fat
complex removal. This could be due to the function of the
aPRP and aPRP/Fat complex serving as a substrate for cell
growth. Our result of the migration assay demonstrated that
wound closure was achieved in the aPRP and aPRP/Orbital
fat condition, and conjunctival cells in both were shown to
undergo morphologic changes. While the HPCECs incubated
with aPRP-only condition appeared fibroblastic at 96 hours,
the HPCECs incubated with aPRP/Orbital fat membrane was
less fibroblastic than they appeared at 48 hours. Finally, the
conjunctival cells previously incubated with aPRP/Orbital
fat complex demonstrated positivity for not only CK13 but
also CD34, further implicating that OASC likely played an
integral role in differentiation into conjunctival epithelial
cells under the modulation of aPRP.

Conclusion

This study provides a description of the creation of an
aPRP/Orbital fat complex that could potentially serve as a

scaffold for conjunctival cell proliferation. Limitations of this
study include that the ex-vivo condition might not adequately
reflect the actual course of tissue reaction and degradation.
Second, the experimental conditions were evaluated up to 96
hours, and the morphology description was followed up to
day 10 and therefore it would be difficult to determine the final
morphology and behavior of OASC and conjunctival cells in
an in-vivo setting over an extended period. Furthermore, this
scaffold is intended to be used in the treatment of cicatrizing
conjunctivitis and socket contraction, and the lack of healthy
conjunctival tissue may present a challenge for adequate
cell proliferation and migration. However, the OASC from
harvested orbital fat can potentially provide additional cells.
This could also be mitigated by providing an alternative
source of healthy conjunctival epithelial cells at the same
time as creation of scaffold. Finally, the durability of the
scaffold was not tested in-vitro. Given the known properties
of aPRP fibrin membrane and OASC in cellular proliferation,
migration, and reduction of fibrosis, we do believe that these
initial results show promise in the potential for an easily
obtainable aPRP/Orbital fat scaffold that could have benefit
in the surgical treatments of cicatrizing conjunctivitis and
socket contraction.
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