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Abstract: Meibomian glands are modified oil-producing glands that produce meibum 
and can become dysfunctional and negatively affect the lipid layer in the tear film, 
resulting in ocular surface diseases such as evaporative dry eye. Abnormal keratin 
production and aggregation at the meibomian gland orifice has been implicated in the 
pathogenesis of meibomian gland dysfunction (MGD). Current treatments largely ignore 
the role of keratin proteins. This review paper synthesizes various publications on 
hyperkeratinization and its role in MGD pathogenesis and proposes a novel treatment 
strategy for MGD that involves the use of keratolytic agents commonly used in derma-
tological treatments. 
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Introduction
The first formal attempt to define and classify dry eye disease (DED) was the 
publication of a report by the National Eye Institute/Industry Workshop on Clinical 
Trials in Dry Eye in 1995, which named Meibomian gland dysfunction (MGD) as 
a key contributor to evaporative dry eye.1 Despite the role of MGD as a leading 
cause of evaporative DED throughout the world, there was no consensus on the 
definition, classification, diagnosis, or therapy of MGD until the International 
Workshop on Meibomian Gland Dysfunction published its initial report in 2011.2 

The authors proposed the following formal definition of MGD:

MGD is a chronic, diffuse abnormality of the meibomian glands, commonly char-
acterized by terminal duct obstruction and/or qualitative/quantitative changes in the 
glandular secretion. This may result in alteration of the tear film, symptoms of eye 
irritation, clinically apparent inflammation, and ocular surface disease.3 

Much is still to be learned about MGD, including the influence of keratin in 
meibum and the gland structure, as well as the causes of hyperkeratinization. 
Despite the evidence of the role of keratinization in the obstruction of the glands, 
traditional MGD therapies have focused on removing the obstruction rather than 
addressing any underlying cause or pathology. This paper reviews the underlying 
pathophysiology of MGD and, given the vast similarities between Meibomian 
glands and other sebaceous glands, proposes adoption of dermatologic strategies 
to address a potential root cause of the obstructions.
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Meibomian Gland Dysfunction 
Pathogenesis
The central duct of the meibomian gland has been 
described as a “hair follicle without a hair shaft”,4 as 
meibomian glands share many similarities with sebaceous 
glands with respect to embryologic development, struc-
ture, and the ability to undergo keratinization.4 An indivi-
dual meibomian gland is made up of multiple acini that 
are arranged around a long central duct.5 Just as lipids are 
produced in sebaceous glands, meibomian glands produce 
meibum from whole glandular cells, requiring continuous 
cell turnover, production of new cells, and differentiation 
between cells within the acinus.4 Meibum is a complex 
mixture consisting of hundreds of different lipids, most of 
which are wax and cholesteryl esters, as well as 90 differ-
ent proteins including various forms of keratin.6–8 

Meibum is synthesized continuously inside the acini, and 
mechanical pressure created by blinking drives the mei-
bum towards the terminal part of the ductal system and 
delivers the meibum onto the surface of the lid margin. 
The central duct through which the meibum passes is lined 
with modified keratinized epithelial cells while the gland 
orifice is located on the lid margin and is covered by 
epidermis.9

Hyperkeratinization of the meibomian structure, result-
ing in obstructions and thickened meibum containing ker-
atinized cell material, is considered to be a primary cause 
of meibomian gland dysfunction.3 Keratin is the end result 
of the transformation of epithelial cells, referred to as 
keratinocytes, once they have differentiated to form 
a horny cell layer such as that which occurs in skin, 
horns, nails, and hair tissue. However, in hyperkeratiniza-
tion, this process is disturbed because of an excess of 
keratin formation and accumulation due to lack of ade-
quate desquamation.10 This process is extremely well- 
studied in skin and has been found to be a common 
mechanism in skin disorders.

Incorporation of as little as 10% additional keratin 
protein into meibum can increase the surface pressure of 
the meibum, making it more rigid and subject to fracture if 
incorporated into the lipid layer of the tear film.11,12 In 
addition, this raises the melting point of meibum so that it 
solidifies at body temperature and contributes to increased 
meibum viscosity and stasis.3,13,14 An increase and/or 
alteration in the meibum is cited as a cause for the degra-
dation of the tear film and positively associated with 
severity of MGD.3,7,14

Korb and Henriquez demonstrated hyperkeratinization 
at the Meibomian gland orifice as a cause of obstructive 
MGD in a series of patients who manifested with contact 
lens intolerance.15 Jester and colleagues validated this 
claim by identifying keratin proteins in the human 
Meibomian gland duct epithelial cells and determining 
that these cells were committed to the process of 
keratinization.16 Korb and Henriquez further elucidated 
the pathogenesis by reporting that the presence and char-
acteristics of MGD were possible in symptomatic and non- 
symptomatic patients whose eyelid margins do not have 
significant inflammation.15 Manual expression of the mei-
bomian glands of these patients verified a non-obvious 
obstruction of the orifices and revealed clusters consisting 
of desquamated epithelial cells and thickened meibum. 
Histology of the obstructed glands showed dilation of the 
central duct by cell debris and sebaceous material.

The Hyperkeratinization Process
In healthy tissue, keratin crosslinking via disulfide bond 
formation is more likely to occur when a single protein has 
reached its intended final location. However, under oxidiz-
ing conditions, disulfide bond formation will occur in 
a less controlled manner and lead to the formation of 
aggregates in physiologically uncontrolled locations. 
Given the presence of reactive oxygen species in MGD, 
it may be that other oxidative processes, such as the for-
mation of disulfide bonds, will be promoted in the disease 
state. Studies have demonstrated the contribution of oxi-
dative stress to the pathophysiology of MGD, giving creed 
to this conclusion. In particular, proteome analysis of 
conjunctival epithelium tissue taken from patients suffer-
ing from MGD shows upregulation of proteins including 
peroxiredoxin 2 and 6 and heat shock protein 90 alpha 
(HSP90α). Peroxiredoxins are produced to control oxida-
tion stemming from hydrogen peroxide and lipid perox-
ides, indicating an oxidative environment. Furthermore, 
HSP90α is a molecular chaperone that has been shown to 
bind and protect the proteasome from oxidative inactiva-
tion amongst other functions.17 Preclinical studies also 
support the role of reactive oxygen species in MGD. For 
example, superoxide dismutase 1 (SOD1) knockout mice 
are observed to experience many of the biochemical and 
structural changes found in MGD, suggesting a role for 
oxidative stress in the disease pathology.18

Incorporation of keratin into meibum can increase the 
surface pressure of meibum above that of normal meibum 
with as little as a 10% increase in keratin protein making 
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lipids more rigid and subject to fracture if incorporated 
into the lipid layer of the tear film.3,12 Together, these 
effects raise the melting point of meibum so that it soli-
difies at body temperature and contributes to increased 
meibum viscosity and stasis.3,13,19

Limitations of Current Approaches 
to MGD Treatment
Blackie and colleagues14 published a review of the known 
data in 2010, including Korb and Henriquez’s study. The 
authors sought a paradigm shift in the understanding of 
MGD stating,

Despite the potentially coexisting roles of bacteria, tear 
film osmolarity, and inflammation, it is critical to recog-
nize that the primary mechanism for obstructive MGD is 
keratinization of the meibomian gland ducts. Thus, the 
success of any therapy for all forms of obstructive MGD 
is primarily dependent upon relief of the obstruction and 
secondarily upon the management of other factors such as 
inflammation and/or infection. 

The primary aims of MGD treatment are to restore the 
normal flow and quality of meibomian gland secretions, 
thereby increasing the likelihood of a healthy lipid layer 
and stable tear film, which can be achieved through 
removal of obstructing material and the restoration of 
meibum secretion.19 Conventional methods for physical 
removal of material from the glands include the applica-
tion of warm compresses and gentle lid massages to the 
eyelids, physical debridement of material along the lid 
margin, meibomian gland probing, as well as the use of 
thermal pulsation devices and microblepharoexfoliation. 
The effectiveness of thermal-based approaches for MGD 
treatment has been shown in the literature with respect to 
improving patient symptoms and relieving obstruction.20 

With respect to modification of keratin, these approaches 
are less well studied and unlikely to impact keratin, as 
breaking the disulfide bridges that hold keratinized mate-
rial together requires a temperature of approximately 
145°C, which would be unsafe for human application. 
While meibum release may be facilitated through the 
orifice distal to the obstruction in a gland, the use of heat 
and pressure to force meibum out from behind an unyield-
ing fixed obstruction can increase intraductal pressure and 
rupture acini, forcing meibum into the lid tissue. This 
creates inflammation behind the obstruction, with the pos-
sibility of micro-injury to the delicate gland structure or 
ductal area leading to increased symptoms and secondary 

proximal atrophy, analogous to squeezing an unyielding 
acne blemish.21

Keratolytic Agents for 
Dermatologic Conditions
To test the hypothesis that treatment of MGD requires 
addressing hyperkeratinization, it would be useful to con-
sider keratolytic agents since they have proven to be 
effective for treating hyperkeratotic conditions of the 
skin. Keratolytic agents used in dermatology soften, sepa-
rate, and cause desquamation of the cornified epithelium. 
Certain agents act on the corneocytes while others break 
down the lipid bilayer. Keratolytic agents include acids 
that hydrolyze keratins and disulfide bond disruptors that 
break apart crosslinked keratin.

Keratolytics commonly used in dermatology include 
alpha hydroxy acids (AHAs) and beta hydroxy acids 
(BHAs). AHAs are water-soluble, organic acids that 
reduce inter-corneocyte bonds by increasing the distance 
between corneocytes through the following mechanisms: 
increasing the stratum corneum water content, reducing 
the charges on the surface of the cells, inhibiting enzymes 
involved in the cohesion between corneocytes, and break-
ing desmosomes as they diminish the pH of the medium. 
Examples of AHAs include glycolic and lactic acids and 
they are applied topically to the skin in products like 
moisturizers, cleaners, masks, and other similar 
products.22 Commonly used BHAs, such as Salicylic 
acid, are lipid-soluble, organic acids that reduce intracel-
lular cohesion between corneocytes by dissolving intercel-
lular cement material and reducing the pH of the stratum 
corneum, thereby increasing hydration and softening.

Selenium sulfide is a potent keratolytic agent that has 
a different mechanism of action than AHAs and BHAs. 
Selenium sulfide decreases the differentiation of epidermal 
cells and minimizes corneocyte production by slowing the 
production and development of keratinocytes.23

Selenium was first approved for medical use in the 
United States in 1951.24 It is included on the World 
Health Organization’s List of Essential Medicines, the 
most effective and safe medicines needed in a health sys-
tem. Selenium sulfide is sold as an antifungal agent in 
shampoos for the treatment of dandruff and seborrheic 
dermatitis on the scalp with Malassezia genus fungi (ie, 
Selsun Blue, Head and Shoulders Clinical Strength, Exsel, 
Selsun, and Seleen). In the United States, a suspension 
with a detergent as a shampoo at 1% strength is available 
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over the counter, and a 2.5% strength is also available with 
a prescription. At the 2.5% strength, selenium sulfide is 
also used on the body to treat tinea versicolor, a type of 
fungal skin infection caused by a different species of 
Malassezia.

It should be noted that off-label use of dermal kerato-
lytics for ocular conditions is not recommended.

Keratolytic Agents for Ocular 
Conditions
Early studies demonstrated that selenium sulfide applied to 
the lid margin may be a successful treatment for seborrheic 
blepharitis.25–28 Recently, results of new studies of a novel 
drug candidate containing selenium sulfide have been pre-
sented. An interim analysis of a phase 2a multicenter, 
double-masked randomized controlled trial29 of AZR- 
MD-001 (Azura Ophthalmics, Tel Aviv, Israel) looked at 
results of sequentially increasing concentrations (0.1%, 
n=9; 0.5%, n=7; 1.0%, n=7) or vehicle (n=9) of the 
ophthalmic ointment dosed twice weekly for up to 3 
months in patients with mild to moderate MGD. Both the 
0.5% and the 1.0% treatments showed significant improve-
ment in the signs (MGYLS and MGS) and symptoms 
(Total ODSI score) of MGD compared to vehicle at the 
primary, Month 3 endpoint.

This dosing trial was followed by a study of 0.5% 
AZR-MD-001 ointment in patients with MGD,30 and 
a study of 1.0% AZR-MD-001 ointment in symptomatic 
contact lens wearers.31 In both studies, the selenium sul-
fide-containing ointment was found to restore gland func-
tion, improve eye dryness, and in the study of 
symptomatic contact lens wearers, improve symptoms 
such as fluctuating vision and increase comfortable wear 
time, without producing serious adverse events.

These positive findings with a selenium sulfide- 
containing ointment are consistent with the role selenium 
sulfide plays in targeting aberrant keratins and disrupting 
disulfide bonds of the keratin plaques that can occur in 
both the meibum matrix and at the gland orifice, to 
unblock the glands. While many more studies are needed, 
this is an important step in demonstrating that addressing 
the root cause of MGD, hyperkeratinization, may bring 
relief.

Conclusion
MGD is a major cause of ocular surface diseases such as 
evaporative DED. Lipid composition and alteration in 

protein (eg keratin) production, deposition and aggregation 
have been implicated in the pathogenesis of MGD. 
Historically, there has been an emphasis on the increased 
melting point of meibum lipids. As such, therapeutic 
approaches have been targeted at lipid liquefaction along 
with expulsion of stagnated lipids in the gland’s canal 
using therapies ranging from home lid warming and mas-
sage to more sophisticated and standardized approaches 
such as in-office warming and/or massage devices (eg, 
Lipiflow and iLux thermal pulsation).

While keratin proteins have been postulated to play 
a role in the pathophysiology of MGD, their exact con-
tribution has largely been ignored and understudied. 
Abnormal keratinization of the gland orifice, central 
ducts and within the meibum of the meibomian glands 
may all be important drivers of MGD. Similar to derma-
tological disorders such as acne, MGD may start with 
retention hyperkeratosis, altered meibum flow, and then 
formation of a plug. Important new studies demonstrate 
that keratin modification via selenium sulfide may offer 
a novel pathway for therapeutic intervention in MGD. 
Greater understanding of the primary role of hyperkerati-
nization in MGD pathogenesis and the unique mechanism 
of action of selenium sulfide-containing therapeutics war-
rant further investigation.
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