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Platelet-rich plasma therapy for meibomian gland dysfunction
and dry eye: A mini review

Sinh Truong Nguyen’2*“, Phuc Van Pham'2

ABSTRACT

A common eye condition known as dry eye syndrome is characterized by insufficient tear produc-
tion or rapid tear evaporation, causing dryness, irritation, and pain. A common etiological cause for
dry eye disease (DED) that affects both the composition and production of tears is meibomian gland
dysfunction (MGD). Meibum, an oily substance produced by the meibomian glands, is essential for
preventing tear evaporation. The temporary alleviation offered by standard dry eye therapies has
prompted researchers to investigate new therapeutic modalities. Platelet-rich plasma (PRP) therapy
has been identified as a viable approach for stimulating meibomian gland activity and improving
tear production in dry eye patients. Highly concentrated platelets and growth factors found in
PRP are essential for promoting tissue regeneration and accelerating the healing process. By the
application or injection of PRP in the affected region, the growth factors could stimulate the pro-
duction and release of meibum, thereby improving the functionality of the meibomian glands and
reinstating the stability of the tear film. The objective of this review article is to conduct a compre-
hensive analysis of clinical evidence supporting the utilization of PRP therapy in managing MGD
and dry eye syndrome. Several studies have demonstrated the efficacy of PRP therapy in enhanc-
ing meibomian gland function, mitigating ocular surface inflammation, and alleviating symptoms
associated with dry eye. Based on the research outcomes, it has been determined that PRP therapy
exhibits potential efficacy as a novel intervention for treating dry eye syndrome. This therapeutic
approach demonstrates the ability to enhance the health of the ocular surface and target the fun-
damental etiological factors associated with this condition. Additional research and investigation
are required to ascertain the optimal protocols and long-term efficacy of PRP therapy in treating dry
eye and MGD. In conclusion, PRP therapy represents a promising and effective treatment option
for patients suffering from dry eye syndrome and MGD, offering significant improvements in ocular
surface health and patient quality of life.
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INTRODUCTION

The number and quality of tears that lubricate and
protect the eyes are affected by the common eye ail-
ment known as dry eye. If the eyes do not gener-
ate enough tears or if they evaporate too quickly, the
eyes become dry, irritated, and uncomfortable. Dry-
ness, burning, itching, redness, and impaired vision
are typical signs and symptoms of dry eye. Anyone
can get dry eye syndrome regardless of age or gen-
der, but older persons, particularly women, are more
likely to do so I Certain medications, such as antihis-
tamines and antidepressants, medical conditions such
as diabetes and rheumatoid arthritis, environmental
factors such as low humidity and wind exposure, and
prolonged use of digital devices such as computers can
increase the risk of developing dry eye?. Depending
on the research population and the diagnostic meth-
ods used, the prevalence of dry eye illness is thought to

vary from 5% to 50% worldwide>. The global preva-
lence of dry eye disease is estimated to be 11.59 per-
cent®.

PRP therapy is utilized in the context of dry eye condi-
tions with the objective of stimulating the meibomian
glands and augmenting tear production. The meibo-
mian glands play a crucial role in the synthesis of the
lipid component of the tear film, which functions to
reduce excessive evaporation of tears>. Through the
topical application or injection of PRP in the affected
region, the concentrated platelets and growth factors
have the potential to induce the production and secre-
tion of meibum®. Consequently, this process can en-
hance the functionality of the meibomian glands and
reinstate stability to the tear film.

The therapeutic benefits of PRP extend beyond the
stimulation of tear production. PRP is composed of
multiple growth factors that possess the ability to mit-
igate inflammation and facilitate the process of tissue
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regeneration, thereby playing a significant role in en-
hancing the overall well-being of the ocular surface”.
Moreover, it has been demonstrated in previous stud-
ies that PRP therapy can effectively improve the struc-
tural integrity of the meibomian glands®. This en-
hancement may have the potential to mitigate the de-
velopment of complications that arise from untreated
meibomian gland dysfunction, including corneal ul-
cers and infections.

With the increasing incidence of dry eye3, there is an
increasing imperative to explore innovative treatment
modalities, such as PRP therapy, that present promis-
ing strategies for the effective management of this par-
ticular condition. PRP therapy presents a viable and
potentially advantageous method for addressing the
root causes of dry eye and enhancing the health of the
ocular surface by harnessing the regenerative capabil-
ities inherent in the patient’s own blood.

In the subsequent sections of this review article, an
in-depth analysis will be conducted on the clinical ev-
idence that substantiates the utilization of PRP ther-
apy for the treatment of meibomian gland dysfunc-
tion and dry eyes. This examination will encompass
an evaluation of the outcomes derived from perti-
nent studies, as well as a comprehensive discussion
of the potential advantages and considerations asso-
ciated with this emerging therapeutic approach.

The Pathology of Meibomian Gland Dys-
function

MGD is a leading cause of evaporative dry eye dis-
ease. The Meibomian glands, located within the tarsal
plates of the upper and lower eyelids, are responsible
for producing a lipid-rich secretion called meibum,
which slows the evaporation of the tear film. Despite
its prevalence, the pathogenesis of MGD is not yet
fully understood.

Androgen deficiency is a key factor in the pathophys-
iology of MGD. Androgens are crucial for the normal
functioning of the Meibomian glands as they influ-
ence lipid biosynthesis, which is essential for main-
taining the integrity of the tear film®. The presence of
androgen receptors in Meibomian gland tissues indi-
cates that androgens directly modulate gland activity
and lipid secretion!?. Androgen deficiency leads to
significant changes in the lipid composition of Meibo-
mian gland secretions, resulting in altered neutral and
polar lipid patterns that contribute to evaporative dry
eye!l. These lipid profile changes are particularly ev-
ident in conditions associated with low androgen lev-

els, such as aging and Sjogren’s syndrome 2.

Androgenic decline in individuals with MGD is pri-
marily linked to hormonal deficiencies and aging pro-
cesses that affect the Meibomian glands’ function-
ality. Aging is associated with reduced testosterone
production, primarily due to changes in Leydig cells,
which are responsible for steroidogenesis %13, This
reduction in testosterone can exacerbate MGD symp-
toms, as lower androgen levels correlate with de-
creased Meibomian gland function. Myotonic dystro-
phy patients exhibit lower adrenal androgens, which
may contribute to MGD 4.

Keratinization plays a critical role in the pathophys-
iology of MGD. Hyperkeratinization of the ductal
epithelium obstructs the Meibomian orifice, halt-
ing meibum secretion and causing acinar atrophy !°.
Staphylococcus aureus can induce hyperkeratiniza-
tion and pro-inflammatory cytokine expression, ex-
acerbating gland dysfunction!®. Aging and environ-
mental stressors can lead to gland atrophy and ep-
ithelial plugging, complicating the role of keratiniza-
tion in MGD !7. The increased expression of proline-
rich proteins, such as small proline-rich protein 1B
(SPRR1B), is implicated in the keratinization process
of epithelial cells, which can be a response to inflam-
matory conditions like DED!®, These proteins con-
tribute to the structural integrity of the ocular surface,
acting as protective agents against proteolytic damage.
Conditions such as ichthyoses and psoriasis can cause
keratinization abnormalities, affecting the ocular sur-
face and leading to complications like keratitis and
conjunctivitis!?. Desiccating stress can exacerbate
hyperkeratinization, as seen in mouse models where
exposure leads to ductal dilation and increased lipid
synthesis 17,

PPARY, a nuclear receptor, regulates various physio-
logical processes, including lipid metabolism and in-
flammation, which are relevant to MGD. The detec-
tion of PPARY signals in the eye involves complex
molecular mechanisms that include ligand binding,
transcriptional regulation, and interactions with var-
ious signaling pathways. Understanding these mech-
anisms is crucial for elucidating their roles in ocular
health and disease. PPARY is constitutively expressed
in the retinal pigment epithelium and neuroretina,
with increased expression observed in models of age-
related macular degeneration?®. Ligands for PPARY,
such as rosiglitazone, enhance its activity, and novel
methods like surface plasmon resonance have been
developed to improve the detection of ligand-PPARY
interactions?!. The modulation of PPARY signaling
pathways is linked to oxidative stress responses and
the regulation of vascular endothelial growth factor

6901



Biomedical Research and Therapy 2024, 11(11):6900-6911

(VEGF), which are critical in the context of retinal de-
generation2®. While the focus has been on PPARY’s
protective roles in retinal health, the potential for ad-
verse effects or dysregulation in pathological condi-
tions warrants further investigation.

The PPARY pathway modulates gene expression in
MGD cells primarily through its influence on adi-
pogenesis and lipid metabolism. PPARY, a member
of the nuclear hormone receptor superfamily, regu-
lates numerous target genes by binding to specific re-
sponse elements, thereby affecting cellular functions.
PPARY can directly activate genes associated with
adipogenesis, such as the adipocyte fatty acid bind-
ing protein (aP2), through ligand binding, which en-
hances transcriptional activity??. Agonists like thia-
zolidinediones induce significant changes in gene ex-
pression profiles, with studies showing over 579 genes
being regulated during adipocyte differentiation?2.
PPARY forms heterodimers with retinoid X receptors,
which is essential for the transcriptional regulation
of genes involved in fat metabolism?3. PPARY in-
fluences other pathways, such as 3-catenin signaling,
which is downregulated in adipocytes upon PPARY
activation, indicating a complex regulatory network

in adipogenesis 4.

$100 Calcium-Binding Proteins

The S100 protein family, characterized by their
calcium-binding properties, has a rich history inter-
twined with various biological functions and disease
associations. Initially identified due to their solubil-
ity in saturated ammonium sulfate, S100 proteins have
been linked to critical cellular processes such as apop-
tosis, differentiation, and inflammation2®. Over 25
types have been identified, with significant roles in
skin homeostasis and pathologies, as well as in can-
cer progression 2.

§100 proteins, particularly SI00A8 and S100A9, are
involved in regulating inflammation and immune re-
sponses in ocular surface diseases 27. The elevated lev-
els of S100 protein in inflammatory conditions sug-
gestarole in mediating cellular responses to stress and
injury, thereby influencing Meibomian gland func-
tion and meibum. The S100A8 and S100A9 proteins
play critical roles in regulating inflammation and im-
These
calcium-binding proteins are involved in various in-

mune responses in ocular surface diseases.

flammatory processes, particularly through their in-
teraction with Toll-like receptors, which are pivotal
in innate immunity. S100A8 and S100A9 are up-
regulated in ocular surface diseases, enhancing neu-
trophil migration and inflammation’. S100A9 acts

as a Damage Associated Molecular Pattern (DAMP)
that activates TLR4, leading to inflammatory sig-
naling pathways, including MyD88 and NF-kB 2829,
S100A9 contributes to DED pathogenesis by blocking
autophagy and promoting chronic inflammation 3.
The interaction between S100 Calcium-Binding Pro-
teins (S100) and PPARY involves complex molecular
mechanisms that are influenced by calcium binding
and conformational changes. S100 proteins, particu-
larly S100B, undergo significant structural alterations
upon calcium binding, which exposes hydrophobic
residues essential for interactions with target proteins,
including PPARY332. The binding of calcium en-
hances the affinity of S100B for target peptides, which
may include regulatory domains of PPARY32. The
S100 protein family exhibits functional redundancy,
with multiple members capable of interacting with
PPARY, suggesting a complex network of interactions
that can compensate for each other33.

Decreased expressions of claudin 3 and cell adhesion
molecules significantly contribute to the altered phe-
notype in Meibomian glands, impacting their func-
tion and integrity. This alteration is primarily linked
to the disruption of tight junctions and intercellular
cohesion, leading to gland dysfunction. In fact, the
absence of claudin 3 resulted in structural defects in
epithelial tissues, indicating its critical role in main-
taining cellular architecture and function34. Cell ad-
hesion molecules, such as E-cadherin, are demon-
strated to be vital for intercellular cohesion. Their
decreased expression can lead to reduced cell-to-cell
adhesion, resulting in altered gland morphology and

function3>.

Inflammatory conditions, such as dia-
betes, have been shown to increase the expression of
inflammatory cytokines and adhesion molecules, fur-
ther exacerbating MGD ¢, While decreased expres-
sions of claudin 3 and adhesion molecules are detri-
mental, some studies suggest that targeted therapies
may restore function and improve gland health, indi-
cating potential avenues for treatment in affected in-

dividuals.

The structure of tear film

The tear film is a complex structure essential for ocu-
lar health, composed of three primary layers: the in-
ner mucin layer, the middle aqueous layer, and the
outer lipid layer. Each layer plays a critical role in
maintaining the integrity and function of the ocular
surface, with the lipid layer being particularly vital for
preventing evaporation and ensuring tear film stabil-
ity. The inner mucin layer provides lubrication and
helps in the adhesion of the tear film to the ocular
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surface. The middle aqueous layer, secreted mainly
by the lacrimal glands, contains water, electrolytes,
and proteins such as lactoferrin and lysozyme, which

protect against pathogens37.

The outer lipid layer,
composed of nonpolar and polar lipids synthesized
in the meibomian glands, reduces surface tension and
evaporation 38 The tear film lipid layer (TFLL) con-
sists of wax esters and O-acyl-w-hydroxy fatty acids,
which self-assemble into monolayers that resist evap-
oration3®. A model TFLL with specific lipid ratios
(40% wax esters, 40% cholesteryl esters, 20% polar
lipids) demonstrated an 11% reduction in water evap-
oration rates at optimal surface pressures?®. The
TFLLs structure increases film compactness at the air-
water interface, which is essential for minimizing wa-
ter loss#?. The tear film also acts as a barrier against
environmental irritants and pathogens*! and ensures
smooth movement of the eyelids over the cornea, pre-
venting friction. It also provides essential nutrients to
the avascular cornea and conjunctiva®’. Despite its
protective functions, dysfunctions in the tear film can
lead to conditions like dry eye syndrome. Alterations
in the structure of the tear film significantly impact
dry eye disease (DED) and other ocular disorders, pri-
marily through the disruption of its three essential
layers: lipid, aqueous, and mucin. These changes can
lead to increased evaporation, hyperosmolarity, and
inflammation, creating a vicious cycle of discomfort
and potential damage to the ocular surface.

Relationship Between Meibomian Gland
Dysfunction and Dry Eye

The glands are responsible for the secretion of a lipid-
based substance known as meibum. Meibum plays
a crucial role in preserving the stability of the tear
film and mitigating the occurrence of DED4%%3, The
etiology of MGD encompasses a wide range of fac-
tors, including, but not limited to, the natural process
of aging, hormonal fluctuations, various environmen-
tal influences, and underlying medical conditions*3.
In the absence of appropriate medical intervention,
MGD culminates in complications including corneal
ulcers, infections, and visual impairment 4.

At the molecular level, various biological mechanisms
and enzymes are involved in the pathophysiology of
MGD. Lipase and esterase enzymes, produced by bac-
teria on the eyelids, degrade meibum into free fatty
acids, which are irritating to the ocular surface and
trigger inflammation. Inflammatory cytokines, such
as interleukin-1 and tumor necrosis factor-alpha, are
released in response to chronic inflammation, wors-
ening gland dysfunction. Matrix metalloproteinases

play a role in the degradation of the extracellular ma-
trix, leading to structural damage to the meibomian
glands and surrounding tissues.

The progression of MGD can be classified into stages
based on the severity of symptoms and gland dysfunc-
tion. In the early stage, patients may experience mild
symptoms such as occasional dryness and irritation,
with slightly turbid gland secretions. In the moderate
stage, symptoms become more persistent, including
increased dryness, burning, and discomfort, accom-
panied by more viscous and opaque gland secretions.
In advanced stages, patients suffer from severe dry-
ness, significant discomfort, and visual disturbances.
At this point, gland secretions become thick and waxy,
and complete obstruction may occur, leading to gland
atrophy.

The lipid layer, which is secreted by the meibomian
glands, functions to inhibit the evaporation of tears
from the ocular surface#’. In individuals with MGD,
there is a deficiency in the production of meibum or a
deterioration in its quality. This results in heightened
evaporation of tears and reduced stability of the tear
film 4647 MGD is the predominant etiology of evap-
orative dry eye, responsible for approximately 86%
of reported cases®. Furthermore, it is worth noting
that MGD frequently occurs alongside other forms of
dry eye, including aqueous deficient dry eye, which is
characterized by insufficient tear production 4.
Inflammation of the meibomian glands can lead to
changes in the production of meibum, both in terms
of its quality and quantity. The condition may give
rise to ocular manifestations characterized by sensa-
tions of burning, stinging, and discomfort. Further-
more, apart from the manifestation of dry eye symp-
toms, MGD can also result in ocular redness, edema,
and discomfort in the eyelids*3. If these complica-
tions are not treated, they have the potential to re-
sult in significant damage to the cornea and poten-
tially lead to a loss of vision 3. Hence, it is imperative
to preserve the functionality of the meibomian glands
to uphold the general well-being of the eye and mit-
igate potential complications associated with ocular
surface disorders.

IMPORTANCE OF DIAGNOSING AND
TREATING MEIBOMIAN GLAND
DYSFUNCTION FOR DRY EYE
MANAGEMENT

Effective management of dry eye necessitates the di-
agnosis and treatment of MGD 8. MGD is widely

recognized as the primary cause of evaporative dry
eye, constituting the predominant underlying factor
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in most cases of dry eye. Thus, the recognition and
resolution of MGD in individuals with dry eye are
imperative for restoring meibomian gland function-
ality and enhancing the general well-being of the oc-

ular surface?’.

A range of diagnostic tools can be
employed in the assessment of ocular health. For in-
stance, meibography utilizes advanced imaging tech-
nology to provide a visual representation of the mei-
bomian glands. Additionally, non-invasive tear film
break-up time (NIBUT) is used to evaluate the stabil-
ity of the tear film. The tear film has been extensively
studied 42.

The current standard of care for treating MGD pri-
marily includes warm compress therapy, eyelid hy-
giene, and various advanced treatments such as in-
tense pulsed light (IPL) therapy and thermal pulsa-
tion. While these methods can provide symptom re-
lief and improve ocular surface health, they also have
notable disadvantages. Warm compresses are primar-
ily palliative, offering temporary relief rather than a

50

cure There is no consensus on the optimal ap-

plication method or duration, leading to inconsistent

50 Other procedures like meibo-

patient outcomes
mian gland probing and thermal pulsation can be in-
vasive and expensive, limiting accessibility for some
patients®!. While combined therapies (such as in-
tense pulsed light combined with meibomian gland
probing) show promise, not all combinations yield
significant improvements>2. Regarding pharmaco-
logical treatments, some patients may develop aller-
gies to ingredients in eyelid hygiene products, compli-

cating treatment 5!

. Topical steroids, while effective,
carry risks of glaucoma and cataracts with prolonged
use>L.

Despite these challenges, ongoing research into tai-
lored approaches and emerging therapies may en-
hance treatment efficacy and patient satisfaction in
managing MGD. Recent research has indicated that
PRP could potentially serve as a viable therapeutic ap-
proach for restoring meibomian gland function in in-
dividuals suffering from MGD®%354, PRP is com-
posed of growth factors and various healing agents,
which have the potential to facilitate tissue regener-
ation and repair, resulting in enhanced meibomian
gland structure and function®4.

Healthcare providers could enhance dry eye manage-
ment and alleviate symptoms in patients with dry
eye by accurately diagnosing and effectively treating
MGD. Ultimately, the implementation of this inter-
vention has the potential to enhance patients’ quality
of life and mitigate the risk of complications that may
arise from untreated MGD, including corneal ulcers,
infections, and visual impairment 53,

PRP AND ITS THERAPEUTIC
POTENTIAL FOR RESTORING
MEIBOMIAN GLAND FUNCTION

Using the patients own blood, the regenerative
medicine procedure known as PRP therapy promotes

5455 A small sam-

tissue regeneration and healing
ple of the patient’s blood is drawn for this proce-
dure, which is subsequently processed to concentrate
platelets and other growth factors important for tissue
repair and regeneration>>. The obtained blood is first
centrifuged to separate the various components be-
fore being made into PRP. Platelets and plasma, which
contain growth factors and other healing agents, are
separated from red and white blood cells. After that,
platelets and plasma are further treated to concentrate
them and boost their potency>®>7.

Platelets, plasma, and growth factors are concentrated
to create the PRP solution, which can be injected or
applied topically to the affected area®®. PRP’s high
platelet and growth factor concentration encourages
tissue regeneration, reduces inflammation, and accel-
erates the healing process®®. PRP therapy has been
applied in a number of medical specialties, including

dermatology > and orthopedics 56!

. In ophthalmol-
ogy, PRP therapy has been demonstrated to be useful
in treating meibomian gland dysfunction and other
ocular surface conditions®62. It is believed that the
growth factors in PRP encourage cell regeneration, re-
duce inflammation, and increase meibum production
and secretion, which may aid in restoring meibomian
gland function and alleviating the symptoms of dry
eyes®. With these encouraging findings, several stud-
ies have investigated the use of PRP for meibomian
gland dysfunction and dry eyes.

CLINICAL EVIDENCE OF PRP
THERAPY FOR MGD

Clinical research regarding the efficacy of PRP ther-
apy in managing DED and MGD has revealed sig-
nificant enhancements in both symptomatology and
tear film metrics, particularly in individuals who ex-
hibit resistance to conventional therapeutic modali-
ties. Investigations concerning the application of PRP
eye drops for evaporative dry eye disease have indi-
cated marked alleviation of symptoms and improve-
ments in tear film stability, as evidenced by a Cana-
dian Dry Eye Assessment score enhancement of -
5.45 (p < 0.001) and superior non-invasive break-up

times®

. Comparative studies have evaluated the ef-
ficacy of PRP injections into the lacrimal gland, re-

vealing significant improvements in non-invasive tear
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break-up time and Schirmer test scores when com-
pared to control treatments using preservative-free
eye drops ®3. In randomized clinical trials, PRP injec-
tions have demonstrated superior efficacy in enhanc-
ing corneal staining and tear parameters compared
to hyaluronic acid treatments in patients with se-
vere dry eye syndrome 4. In assessments comparing
autologous platelet-rich plasma (aPRP) to artificial
tears, aPRP consistently resulted in more pronounced
symptom relief, including a significant reduction in
the Ocular Surface Disease Index (OSDI) by -22.7 (p
< 0.001) and improved tear stability%>. This efficacy
is attributed to the elevated concentration of growth
factors in PRP, such as fibroblast growth factor (FGF)
and epidermal growth factor (EGF), which are crucial
for ocular surface healing and the maintenance of tear
film stability®2. Notably, 93.3% of patients reported
symptom improvement with PRP drops, in contrast
to traditional artificial tears, which do not possess
the complex, preservative-free formulation that PRP
provides®. Patients with severe DED who received
PRP injections and PRP eye drops experienced sig-
nificant improvements in best-corrected visual acu-
ity, Schirmer test scores, TBUT, and corneal stain-
ing. These treatments were well-tolerated, with no ad-
verse reactions reported, further supporting the effi-
cacy and safety profile of PRP%®, A retrospective case
series of patients treated with PRP for ocular surface
disease demonstrated a statistically significant reduc-
tion in OSDI scores (from 39.5 to 30.8, p = 0.02). Ad-
ditionally, there was a borderline increase in Schirmer
test scores, and 14% of eyes showed improvement in
conjunctival staining .

Comparative studies involving autologous serum
(AS) eye drops in patients with primary Sjogren’s syn-
drome have shown that PRP exhibits similar efficacy
in alleviating the signs and symptoms of DED. How-
ever, PRP has the advantage of a quicker preparation
time compared to AS, making it a more convenient
and preferable alternative for treating dry eye in pri-
mary Sjdgren’s syndrome %8. A multicentric study on
plasma rich in growth factors (PRGF) demonstrated
significant reductions in corneal epithelial erosions
and improvements in SANDE scores. Additionally,
74.3% of patients exhibited decreased corneal stain-
ing69.

Randomized studies comparing PRP to artificial tears
containing sodium hyaluronate have shown that PRP
yields superior outcomes in visual acuity and reduc-
tion of hyperemia, particularly in cases of moderate
to severe DED70. PRP therapy has also been shown
to be effective in alleviating chronic ocular surface

syndrome following LASIK surgery, resulting in im-
provements in dry eye symptoms in 85% of cases and
significant reductions in conjunctival hyperemia?!.
Furthermore, the application of immunologically safe
plasma rich in growth factors (PRGF) for treating
dry eye in patients with Sjogren’s syndrome has re-
sulted in substantial symptom improvement, suggest-
ing that PRGF is a safe and effective option for man-
aging immune-mediated dry eye conditions 72, These
clinical findings highlight the potential of PRP as a
therapeutic option for dry eye, especially in cases re-
sistant to conventional treatments. Future research
involving larger patient cohorts is necessary to refine
treatment protocols and assess the long-term benefits

of PRP across diverse DED populations.

MECHANISMS OF PRP TREATMENT
FOR MGD-INDUCED EVAPORATIVE
DRY EYE (EDE)

DED, which arises from an imbalance in tear pro-
duction or quality, manifests through symptoms such
as irritation, visual disturbances, and damage to the
ocular surface. MGD, a primary cause of evapora-
tive DED, worsens this condition by disrupting lipid
secretion, leading to faster tear evaporation and in-
creased exposure of the ocular surface to environ-
mental stressors. This interplay fosters a cycle of in-
flammation and cellular damage, highlighting the ne-
cessity for effective therapeutic interventions. One
promising approach to interrupt this cycle is the use
of PRP, an autologous blood derivative enriched with
growth factors and anti-inflammatory cytokines. PRP
has emerged as a potential treatment for ocular sur-
face disorders due to its capacity to promote healing
and reduce inflammation. This therapeutic strategy
is particularly beneficial for patients with moderate to
severe DED or MGD who do not respond to conven-
tional treatments.

Numerous studies highlight the effectiveness of PRP
in alleviating symptoms and promoting ocular surface
health. For example, research involving patients with
moderate DED unresponsive to other treatments re-
vealed significant improvements following PRP ther-
apy. Specifically, 80% of participants reported sub-
stantial symptom relief, as indicated by lower scores
on the Ocular Surface Disease Index (OSDI). Ad-
ditionally, objective measures such as tear break-
up time (TBUT) and ocular staining scores (OSS)
showed marked enhancement, with 85% of eyes ex-
hibiting prolonged TBUT and 90% demonstrating re-
duced OSS scores. In hyperosmotic models, PRP was
found to decrease the expression of pro-inflammatory
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Table 1: Summary of clinical studies on PRP therapy for meibomian gland dysfunction and dry eye

Participants Treatment Duration Key Findings Reference
Patients with evaporative = PRP eye drops 1 months Significant improvement in Canadian $
dry eye disease Dry Eye Assessment score (-5.45,
p<0.001) and better tear film stability
Severe DED patients PRP lacrimal gland 3 months Increased non-invasive tear break-up
injections time and Schirmer test scores compared
to preservative-free eye drops
Patients with severe dry ~ PRP injections vs. 3 months PRP improved corneal staining and
eye hyaluronic acid tear parameters more effectively than
hyaluronic acid
Patients with DED Autologous PRP vs. 3 weeks aPRP is secure and more efficacious than ~ °
artificial tears AT in managing individuals with moder-
ate to severe symptomatic DED
Patients with severe DED ~ PRP eye drops 15 months 93.3% of patients reported symptom im-
and ocular surface disease provement, significant increase in best-
corrected visual acuity, and reduction in
corneal staining
Patients with primary PRP vs. AS eye 3 months PRP demonstrated similar efficacy to
Sjogren’s syndrome drops AS eye drops; quicker preparation time,
making it a viable alternative for SS-
related DED
Patients with dry eyes PRP eye drops 6 months Marked reduction in corneal epithelial ¢
disease erosions and improved SANDE scores,
with 74.3% of patients showing de-
creased corneal staining
Patients with PRP and artificial 1 month PRP treatment in hyposecretory dry eye ~ 7°
hyposecretory dry eye tears of sodium induces a more significant positive effect
hyaluronate over symptomatology and different dry
eye signs than sodium hyaluronate
Patients affected by post-  PRP eye drops 6 weeks Improvement in dry eye symptoms in 7!
LASIK chronic ocular 85% of cases, significant reduction in
surface syndrome conjunctival hyperemia
Sjogrens syndrome dry PRGF N/D Significant symptom improvement, sug- 7>

eye patients

gesting PRGF as a safe and effective op-
tion for immune-mediated dry eye con-
ditions

mediators, including interleukin-1, tumor necrosis
factor-alpha, and matrix metalloproteinases (MMP-1
and MMP-3), underscoring its anti-inflammatory ca-
pabilities at the cellular level 73.

Inflammation is a pivotal factor in both DED and
MGD. In MGD patients, meibomitis frequently
causes conjunctival hyperemia, superficial punctate
keratopathy (SPK), and neovascularization of the
ocular surface. If the inflammatory response re-
mains untreated, it can severely disrupt tear sta-
bility and ocular surface integrity, leading to tis-

sue damage and worsening DED symptoms’4. The

anti-inflammatory properties of PRP, which include
reductions in interleukin-1 (IL-1), tumor necro-
sis factor-alpha (TNF-«), and matrix metallopro-
teinases, make it a promising approach to mitigating
these inflammatory processes. This positions PRP as
a comprehensive treatment option for MGD and as-
sociated DED. PRP has demonstrated the ability to
promote the differentiation of meibomian gland ep-
ithelial cells and enhance their proliferative capac-
ity. For instance, PRP has been shown to enhance
the levels of EGE, TGF-f3, VEGE and PDGF in the
tear film of individuals diagnosed with DED result-
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Tear film instability
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Figure 1: Progression from Meibomian Gland Dysfunction -induced Evaporative Dry Eye to potential treat-
ment with platelet-rich plasma. MGD-induced EDE, disruptions in meibomian gland function led to blocked
ducts and altered secretion. This results in unstable tear films, triggering inflammation and epithelial cell dam-
age. Consequently, angiogenesis and wound healing processes are activated. PRP treatment involves using the
patient’s own blood to prepare drops. PRP contains growth factors like EGF, TGF-f, VEGF, and PDGF. These fac-
tors stimulate cell growth, activate signaling pathways (MAPK, PI3K, JAK/STAT), and foster tissue repair, improving
symptoms and parameters associated with MGD-induced EDE. (The Figure was created with Biorender.com).

ing from MGD. The growth factors have the poten-
tial to initiate multiple signaling pathways, includ-
ing the mitogen-activated protein kinase (MAPK),
phosphatidylinositol 3-kinase (PI3K), and Janus ki-
nase/signal transducer and activator of transcription
(JAK/STAT) pathways. These pathways play a cru-
cial role in regulating various aspects of epithelial
cell behavior, such as cell cycle progression, survival,
migration, and differentiation”>7¢. These modifica-
tions have the potential to facilitate the reestablish-
ment of ocular surface homeostasis and integrity fol-
lowing PRP treatment.

By improving the function of the meibomian glands,
PRP directly enhances the quality of the tear film and
reduces ocular inflammation, significantly improving
the condition of patients with MGD and DED77. PRP
has been shown to reduce the level of apoptosis (pro-
grammed cell death) in meibomian gland epithelial

cells. In research models, this reduction in apopto-
sis helps maintain the structure and function of the
glands, thereby improving tear film stability and alle-
viating chronic inflammatory symptoms on the ocular
surface’8.

PRP also holds promise in the broader context of
wound healing and angiogenesis. Research on PRP-
derived exosomes has shown that sphingosine-1-
phosphate (SIP), a lipid signaling molecule present
in PRP, plays a crucial role in promoting angiogen-
esis and tissue repair through the S1IPR1/AKT/FN1
signaling pathway. S1P and its associated signaling
pathways have significant implications for enhanc-
ing blood flow and maintaining vascular homeostasis
on the ocular surface. This can potentially alleviate
tissue ischemia and promote healing in cases of se-
vere DED with neovascularization”?. Furthermore,
research indicates that the stimulation of platelets by
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PRP through PAR-1 and PAR-4 receptors enhances
the release of VEGE This process promotes angio-
genesis, which may help counteract the ocular surface
damage observed in chronic DED and MGD#°,

PRP shows significant promise as a treatment for
moderate to severe DED and MGD. Its multi-
faceted approach—encompassing anti-inflammatory
effects, support for cellular repair, and stimulation
of angiogenesis—addresses the complex pathology of
DED and MGD at various levels. As a blood-derived
treatment, PRP is both practical and effective, offering
patients an alternative when conventional therapies
fail. Its potential for use in various storage conditions,
ease of preparation, and notable efficacy in studies
suggest that PRP could become a staple treatment for
ocular surface diseases, significantly improving the
quality of life for patients suffering from chronic DED
and MGD.

CONCLUSION

The dysfunction of meibomian glands is a significant
factor in the development of dry eye syndrome, which
results in the impairment of tear film and the overall
health of the ocular surface. Although conventional
treatments provide relief for symptoms, there is on-
going research to find more efficient and durable solu-
tions. The utilization of PRP therapy has emerged as a
potentially effective therapeutic strategy for targeting
the root causes of dry eye syndrome and reinstating
the proper functioning of the meibomian glands.
Numerous clinical investigations have been con-
ducted to assess the effectiveness of PRP therapy in
individuals diagnosed with MGD and dry eye. The
implementation of standardized techniques for the
preparation of PRP and the establishment of consis-
tent treatment protocols would significantly enhance
the reproducibility and reliability of treatment out-
comes.

Furthermore, it is necessary to conduct comparative
studies that assess the efficacy of PRP therapy in com-
parison to currently available treatments and combi-
nation therapies. Moreover, additional investigation
is required to delve into the fundamental mechanisms
of PRP therapy in addressing meibomian gland dys-
function and dry eye, potentially paving the way for
the advancement of novel and more comprehensively
understood therapeutic approaches. As scientific in-
quiry advances and our comprehension of PRP ther-
apy deepens, there arises the possibility of a paradigm

shift in the management of dry eye syndrome, lead-
ing to substantial improvements in the well-being and
overall quality of life for affected individuals.

ABBREVIATIONS

aPRP: Autologous Platelet-Rich Plasma, AS: Autol-
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10: Interleukin-10, JAK/STAT: Janus Kinase/Signal
Transducer and Activator of Transcription, LASIK:
Laser-Assisted in Situ Keratomileusis, MGD: Meibo-
mian Gland Dysfunction, MAPK: Mitogen-Activated
Protein Kinase, MMPs: Matrix Metalloproteinases,
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