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Dry eye disease (DED) is a commonly occurring, multifactorial disease characterized by reduced tear film 
stability and hyperosmolarity at the ocular surface, leading to discomfort and visual compromise. DED is 
driven by chronic inflammation and its pathogenesis involves multiple ocular surface structures such as 
the cornea, conjunctiva, lacrimal glands, and meibomian glands. The tear film secretion and its composition 
are regulated by the ocular surface in orchestration with the environment and bodily cues. Thus, any 
dysregulation in ocular surface homeostasis causes an increase in tear break‑up time (TBUT), osmolarity 
changes, and reduction in tear film volume, all of which are indicators of DED. Tear film abnormalities are 
perpetuated by underlying inflammatory signaling and secretion of inflammatory factors, leading to the 
recruitment of immune cells and clinical pathology. Tear‑soluble factors such as cytokines and chemokines 
are the best surrogate markers of disease severity and can also drive the altered profile of ocular surface cells 
contributing to the disease. Soluble factors can thus help in disease classification and planning treatment 
strategies. Our analysis suggests increased levels of cytokines namely interleukin‑1β  (IL‑1β), IL‑2, IL‑4, 
IL‑6, IL‑9, IL‑12, IL‑17A, interferon‑gamma  (IFN‑γ), tumor necrosis factor‑alpha  (TNF‑α); chemokines 
(CCL2, CCL3, CCL4, CXCL8); MMP‑9, FGF, VEGF‑A; soluble receptors (sICAM‑1, sTNFR1), neurotrophic 
factors (NGF, substance P, serotonin) and IL1RA and reduced levels of IL‑7, IL‑17F, CXCL1, CXCL10, EGF 
and lactoferrin in DED. Due to the non‑invasive sample collection and ease of quantitively measuring 
soluble factors, tears are one of the best‑studied biological samples to molecularly stratify DED patients and 
monitor their response to therapy. In this review, we evaluate and summarize the soluble factors profiles 
in DED patients from the studies conducted over the past decade and across various patient groups and 
etiologies. The use of biomarker testing in clinical settings will aid in the advancement of personalized 
medicine and represents the next step in managing DED.
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Dry eye disease (DED) is recognized as a multifactorial disease, 
with impaired homeostasis of the tear film as the central key 
player in disease pathophysiology.[1] Broad ocular symptoms 
of DED include discomfort or pain, visual disturbance, tear 
hyperosmolarity, tear film instability, and chronic inflammation 
contributed by any of the ocular surface structures such as 
the cornea, conjunctiva, lacrimal glands, and meibomian 
glands.[2] DED is one of the most commonly occurring ocular 
surface disorders with an estimated prevalence ranging from 
3.8% to 64% with an overall prevalence of 20.1% in Asian 
populations.[3] Data from hospitals on its incidence clearly 
show that occupation, socio‑economic status, urban residence, 
age, and sex are the major risk factors for DED in the Indian 
population.[4] Recent studies have reported the prevalence 
of DED at 32% with the majority of the severe DED cases 

falling within the age of 21–40 years.[5] Considering the large 
prevalence of DED in the working population and its persistent 
negative effect on the quality of life, it remains a major public 
health concern.[6]

DED is a chronic inflammatory condition that is contributed 
by multiple factors such as environment, systemic and ocular 
allergies, aging, autoimmunity, smoking, and contact lens 
use, which promote tear film instability.[7] Tear Film and 
Ocular Surface Society, Dry Eye WorkShop II (TFOS DEWS II) 
consensus upon the vicious circle of inflammation‑driven tear 
film abnormalities.[1] These abnormalities are often driven by 
underlying stress‑mediated inflammatory signaling, which 
further triggers the secretion of pro‑inflammatory factors and 
the recruitment of immune cells.[8]

In this review, we focus on various types of DED and 
associated tear molecular factors that were reported in the 
last decade. Since dysregulation of immune/inflammation 
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neuropeptides, mucins, heat shock proteins, and others 
have been reported in association with DED patients. The 
pro‑inflammatory milieu drives the trafficking and infiltration 
of immune cells to the ocular surface, leading to barrier 
disruption, neural sensitization, and glandular secretory 
dysfunction.[16‑18] Classically, DEDs largely have increased 
evaporation of tears, namely, EDED, and one with reduced 
tear production as ADED.[19] Ocular surface immunity involves 
both innate immunity and adaptive immunity components.[20] 
Innate immune response on the ocular surface is triggered and 
maintained by the corneal epithelium. At the ocular surface 
natural killer  (NK) cells, macrophages, dendritic cells, and 
antigen‑presenting cells (APCs) contribute to innate immunity 
and differentiated T cells contribute to adaptive immunity 
responses.[21] Significantly higher proportions of leukocytes, 
neutrophils, CD4 and CD8 T cells have been reported in both 
ADED and EDED patients.[22]

A total of 95 soluble factors were reported under different 
major subclasses of soluble factors in the tears of DED subjects 
as listed in Table  1 and Fig.  1b. The overall status, that is, 
increased or decreased levels of these soluble factors reported 
in DED tear samples are represented in Fig. 1a. Further, 38 top 
hit analytes having an increased or decreased status as reported 
in more than or at least in three publications are shown in 
Fig. 2. Although most pro‑inflammatory, proapoptotic factors 
are upregulated, a few studies also report them to be reduced, 
this might be due to sampling and measurement factors as well 
as cohort characteristics.

We have classified the DED based on the publications 
included in the present study. In addition, triaging 
questions and ancillary testing in concordance with clinical 
signs are incorporated for differentiating DED from other 
ocular surface diseases.[23] Seven categories of DED and 
top hit analytes levels are listed in Table  2 and Fig.  3. 
However, clinical subtypes such as meibomian gland 
dysfunction  (DED‑MGD), systemic autoimmune diseases 
such as Sjögren’s syndrome  (DED‑SS), Steven–Johnson 
syndrome  (DED‑SJS) and treatment‑  or surgery‑induced 
secondary dry eye disease  (Rx‑Sx‑DED) are based on 
symptoms. Interestingly, our group has shown different 
ocular immune surface profiles unique to EDED and 
ADED.[22] This prompted us to investigate the distribution 
of analytes with their respective molecular status in the tears 
of various types of DED subjects are illustrated in Fig. 4.

Cytokines
Most secretory proinflammatory factors have been reported 
to be over‑expressed in DED.[56,57,71] For example, cytokines 
such as TNFα,  IL‑6, and IL‑1, which are highly expressed in 
DED are known to stimulate the maturation of APCs. IL‑1β, 
apart from being pro‑inflammatory in nature, is also involved 
in cellular apoptosis and pain hypersensitivity.[8] IL‑17, 
which acts upon different cell types as a pro‑inflammatory 
and antimicrobial cytokine, induces the production of IL-6, 
both of which are upregulated in DED.[28,67] Other cytokines, 
which have been reported to be dysregulated in DED include 
IL‑2, IL‑4, IL‑9, IL‑10, and  IFN-γ. Cytokines are critical 
controllers of tissue growth, migration, differentiation, 
and development and are potential factors, which can 
serve as biomarkers for DED. Among cytokines, IFN‑γ, 

regulatory pathways is one of the key driving factors of DED, 
we synthesize the various observations in a systematic manner 
to evaluate the contribution of various soluble factors to the 
overall inflammatory profile. Recent studies in understanding 
the role of inflammation in the pathogenesis of DED have led 
to the recognition that altered immune factor regulation and 
secretion, leading to heightened immune responses is the 
primary driver of DED pathology.[8‑10] It has also led to the 
identification of specific inflammatory factors, which can act 
as biomarkers for DED[11‑13] as well as targets for appropriate 
management of the progression of ocular surface damage.[2,14,15] 
Because different studies use different approaches and represent 
different ethnic groups and etiologies, it is imperative to collate 
recent studies pertaining to the measurement of soluble factor 
levels in tears of dry eye patients as it is important not only 
to understand and reach consensus on key molecular factors 
driving the disease but also to identify plausible biomarkers 
for point of care kit development for use in clinics. This study 
thus focuses on discussing the molecular factors that have been 
reported in various studies in the last decade and understanding 
the significance of these factors in disease pathophysiology.

Methods
A search in PubMed for articles published between 2012 and 
before September 2022 was performed with the keywords “tear,” 
“soluble factors,” “Dry eye disease,” and their combinations. 
Filters for “10 years,” species as “humans” and language as 
“English” were kept for the articles included in the present 
review. A total of 534 articles were obtained. The studies using 
in vitro and in vivo models and not specifically using tear samples 
from the DED subjects were excluded. One hundred two papers 
were included in the final analysis. Ninety‑five major factors 
were uniquely identified and the findings are reported in Table 1. 
To calculate the Importance score, as shown in Fig. 1a, weightage 
was assigned based on the status of soluble factors reported in the 
articles. All soluble factors reported as decreasing significantly 
were given a score of −2, −1 for decreased, 0.5 for no change, +1 
for increase, and +2 for increase significantly. These status scores 
were multiplied by their respective number of publications. The 
overall sum of these parameters determines the Importance score 
for each soluble factor.

Tear‑Soluble Factors in DED
Multiple  cytokines ,  chemokines ,  growth factors , 
colony‑stimulating factors, enzymes, soluble receptors, 

Table  1: Number of factors in each major class that was 
measured in the tear fluid of DED patients

Cytokines 26

Chemokines 12

Growth factors 6

Colony stimulating factor 1

Enzymes 15

Soluble cell adhesion molecule/soluble receptors 9

Neurotrophic factors/Neuropeptide 7

Mucins 2

Heat shock proteins 4

Others 13
Total 95



1192	 Indian Journal of Ophthalmology	 Volume 71 Issue 4

TNF‑α, interleukin‑1 receptor antagonist  (IL‑1RA), and 
interleukins  (IL)‑1β,  ‑4,  ‑5,  ‑6,  ‑9,  ‑12,  ‑17,  ‑17A levels were 
increased in more than 60% of the reported publications 
[Figs.  1b, 2, Table  2]. Protective factors such as IL‑10 are 
reported to be equally increased and decreased across the 
reports in the past decade. Fourteen studies showed decreased 

or no change and 15 studies showed an increase in IL‑10 levels 
[Fig. 2, Table 2]. Based on the chord plot in Fig. 3 and Table 2, 
tear cytokines are associated with all seven types of DEDs 
and constitute the major tear‑soluble factors reported to 
date. Thus, this implies the active inflammatory status in 
DED subjects.

Figure 1: (a) Overview of tear‑soluble factor status in DED patients as reported across various publications in the last decade. Y‑axis represents 
the Importance score, which shows the prominence of soluble factors identified within the articles used in this study. X‑axis lists the biomarkers 
in the decreasing order of Importance score (the gradient color bar has a red color, which indicates a significant increase or increase; white for no 
change in the status; and blue for a decrease or significant decrease). (b) List of tear‑soluble factors identified under each major class in tears of 
DED patients. Factors that were reported to be measured in at least three publications are indicated by a black dot. Factors that were observed 
to significantly increase in three publications or more are indicated by a red triangle. Factors that were observed to significantly decrease in three 
publications or more are indicated by a blue inverted triangle

b

a
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Chemokines
Chemokines are a family of secreted signaling factors, which 
primarily induce the migration of immune cells. Chemokines 
such as C‑X‑C motif chemokine ligand 8 (CXCL8/IL‑8), 
CC‑chemokine receptor 5  (CCL5) or RANTES, interferon 
γ‑induced protein (IP‑10/CXCL10), monocyte chemoattractant 
protein‑1  (MCP1/CCL2), macrophage inflammatory 
protein  (MIP)‑1α/CCL3, and fractalkine/CX3CL1 were 
reported in dry eye disease. [13,29]Among these, 80% of 
articles reported an increase in IL‑8 levels, whereas MCP‑1 
and MIP‑1α were increased in more than 60% of reported 

publications. The above mentioned chemokines were found 
to be highly expressed in DED [Table 2, Figs. 1b, 2]. RANTES 
induces the migration of mature APCs and leukocytes 
to the site of inflammation.[26] MCP‑1 is required for the 
migration and infiltration of monocytes. IL‑8, a known 
pro‑inflammatory chemokine secreted by mononuclear 
macrophages, epithelial cells, and fibroblasts, results in 
fibrosis, neovascularization, and endothelial dysfunction 
and positively correlates with disease severity of multiple 
ocular diseases.[15,35,36] Variable levels of tear chemokines 
were reported in DED, DED‑ EDED, DED‑MGD, DED‑SJS, 
DED‑SS, and Rx‑Sx‑DED [Figs. 3 and 4].

Figure 2: Bar plot of 38 top hit (≥3 publications with consistent report) soluble factors identified in DED. Differential levels of soluble factors in tears 
of DED subjects. Numbers inside colored bars indicate the number of publications for each analyte. A dark blue color box indicates significantly 
decreased levels of analytes, light blue indicates decreased levels of analytes, green indicates no change, light pink indicates increased levels, 
and red corresponds to significantly increased levels of analytes as reported in the last 10 years across publications
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Table 2: Type of tear‑soluble factors and their status in dry eye disease in the last 10 years

Analyte Status Reference

Chemokines

Fractalkine/CX3CL1 3/6 (up) [8,24,25]

3/6 (down) [8,26,27]

IL‑8/CXCL8 12/40 (up) [9,11,25‑34]

20/40 (up*) [8,13,15,16,24,35‑45]

3/40 (down) [11,34,46]

4/40 (down*) [14,47‑49]

1 (No change) [50]

IP‑10/CXCL10 3/9 (up) [13,24,28]

1/9 (up*) [51]

2/9 (down) [26,46]

3/9 (down*) [36,40,52]

MCP‑1/CCL2 3/8 (up) [8,27,33]

2/8 (up*) [39,44]

2/8(down) [13,29]

1/8(down*) [48]

MIP‑1α/CCL3 1/6 (up) [43]

3/6 (up*) [8,43,53]

1/6 (down) [33]

1/6 (down*) [8]

RANTES/CCL5 5/12 (up) [8,25,26,33,52]

1/12(up*) [29]

2/12 (down) [8,40]

4/12 (down*) [13,39,47,54]

Cytokines

GM‑CSF 2/6 (up) [50,55]

1/6 (up*) [39]

3/6 (down) [9,32,33]

IFN‑γ 16/34 (up) [9,10,28‑30,32,40,43,50,52,56‑60]

9/34 (up*) [8,16,57,31,43,44,61‑63]

4/34 (down) [33,38,46]

4/34 (down*) [13,37,39,64]

1/34 (No change) [14]

IL‑10 7/29 (up) [16,30,33,56,60,63,65]

8/29 (up*) [8,9,31,32,40,50,58,62]

8/29 (down) [8,13,28,52,27,38,46,61]

2/29 (down*) [37,39]

4/29 (No change) [14,29,38,58]

IL‑12 5/10 (up) [9,30,32,33,50]

2/10 (up*) [62,66]

1/10 (down) [13]

2/10 (down*) [37,39]

IL‑12p70 3/9 (up) [24,30,40]

2/9 (up*) [43]

1/9 (down) [38]

2/9 (down*) [38,39]

1/9 (No change) [16]

IL‑13 4/11 (up) [28,43,57]

1/11 (up*) [62]

4/11 (down) [13,33,43,46]

Contd...



April 2023		  1195Kumar, et al.: Tear biomarkers in DED: Progress in the last decade

Table 2: Contd...

Analyte Status Reference

2/11 (down*) [39,47]

Il‑17 1/11 (up) [33]

9/11 (up*) [57,58,63,67‑70]

1/11 (down) [28]

IL‑17A 7/20 (up) [29,30,38,56,61,71]

8/20 (up*) [29,31,39,52,53,59,62,71]

2/20 (down) [40,46]

1/20 (down*) [17]

2/20 (No change) [8,14]

IL‑1α 3/8 (up) [28,34,43]

2/8 (up*) [43,47]

3/8 (down) [16,29,34]

IL‑1β  12/38 (up) [8,10,13,16,28,29,33,38,40,43,63
,71]

17/38 (up*) [9,30,31,32,42‑44,47,50,52,53,66,6
7,71‑74]

5/38 (down) [8,11,29,38,46]

3/38 (down*) [48,75,76]

1/38 (No change) [14]

IL‑2 7/24 (up) [9,28,32,57,58,60,61]

7/24 (up*) [8,39,47,57,62,63,67]

5/24 (down) [8,13,33,40,58]

4/24 (down*) [52,37,64,77]

1/24 (No change) [50]

IL‑4 9/17 (up) [8,9,13,57,33,50,55,60]

3/17 (up*) [32,58,62]

3/17 (down) [28,52,61]

1/17 (down*) [37]

1/17 (No change) [58]

IL‑5 5/7 (up) [9,57,32,33]

1/7 (up*) [62]

1/7 (No change) [50]

IL‑6 14/51 (up) [8,10,13,25,28,29,30,33,34,38,40,6
0,61,65]

29/51 (up*) [9,15,16,24,26,31,32,35‑37,41‑45,50
,55,56,58,62,63,67,69]

4/51 (down)# [27,34,38,46]

4/51 (down*)# [14,17,47,64]

IL‑9 3/4 (up*) [8,53,62]

1/4 (down*) [8]

TNF‑α 12/42 (up) [10,16,28,29,33,34,38,40,59,60,71]

17/42 (up*) [31,41,43,44,54,55,56,58,63,66,69
,71,78]

7/42 (down) [8,9,13,32,38,46,61]

4/42 (down*) [39,49,64,76]

2/42 (No change) [14,50]

IL‑1Ra 5/9 (up) [8,13,26,25,33]

3/9 (up*) [24,31,40]

1/9 (down) [27]

Enzymes

MMP‑9 18/42 (up) [12,25,27,30,79‑91]

Contd...
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Table 2: Contd...

Analyte Status Reference

17/42 (up*) [13,24,26,31,36,52,92‑99]

2/42 (down)# [46,100]

2/42 (down*)# [75,77]

3/42 (No change) [11,70,101]

Growth factors

EGF 3/14 (up) [8,57,71]

2/14 (up*) [51,71]

4/14 (down) [24,25,31,46]

4/14 (down*) [13,26,40,42]

1/14 (No change) [27]

FGF 3/4 (up*) [36,39,53]

1/4 (down*) [36]

VEGF 5/17 (up) [24,25,26,30,40]

7/17 (up*) [36,45,55,62,67,102]

5/17 (down*) [9,32,39,47,50]

Neurotrophic and neuropeptide factors

Serotonin 3/3 (up) [18,65,81]

NGF 2/5 (up) [8,11]

2/5 (up*) [47,72]

1/5 (down) [11]

Soluble cell adhesion molecule and soluble receptors

ICAM‑1 3/4 (up*) [15,16,42]
1/4 (down) [29]

*Indicates significant (up or down) reported levels. #Expression post anti-inflammatory treatments

Soluble Receptors and Cell Adhesion 
Molecules
Increased expression of cell adhesion molecules such as 
intercellular adhesion molecules  (ICAMs) and that of MMPs 
on corneal epithelium as well as conjunctival cells and cells of 
lacrimal glands has been reported in patients with DED.[79,92] 
ICAM levels were reported in four publications, of which three 
showed a significant increase in DED tears [Fig. 2]. ICAM‑LFA1 
interaction is crucial for the proliferation and recruitment of 
immune cells as well as the activation of cytokine production.[103] 
Soluble TNFR1 (sTNFR1) has also been reported to be increased 
significantly in more than three studies in the past 10 years [Fig. 2]. 
TNFR1 mediates the majority of the biological effects of TNFα 
and is ubiquitously expressed. sTNFR1 is generated upon 
proteolytic cleavage of TNFR1 by the ADAM family of proteins 
([TNF‑alpha converting enzyme] TACE) through a process called 
ectodomain shedding.[104] sTNFR1 reduces the fraction of TNFR1 
present on the cell surface necessary for the TNFα‑mediated 
signaling. Consequentially, an increase in sTNFR1 fraction and 
concomitant reduction in surface TNFα expression should result 
in the dampening of TNFα‑mediated response. However, it is 
not the case in DED as we observe both TNFR1 and sTNFR1 to 
be at higher levels, which drives apoptosis and inflammation. 
Both corneal epithelium and stromal fibroblasts are known to 
express sTNFR1 as well as TACE. Although sTNFR1 levels are 
used as a biomarker in acute inflammatory conditions[105] and an 
indication of apoptosis induction,[106] its role in DED is yet to be 
understood in detail. Dysregulated levels of soluble factors were 
reported in DED, DED‑MGD, DED‑SS, and Rx‑Sx‑DED patients’ 
tears [Figs. 3 and 4].

Enzymes
ECM‑modulating enzymes such as matrix metalloproteases 
(MMPs) and tissue inhibitors of metalloproteases  (TIMPs) 
have been well characterized with respect to their role in 
DED.[79,80] Increased levels of MMPs, driven by inflammation 
are an indication of excessive ECM remodulation, which leads 
to epithelial cell loss,[24,30,52]which eventually leads to a loss of 
epithelial layer integrity. MMP9 has not only been suggested 
to be the biomarker for DED but MMP9 levels along with 
tear osmolarity have been found to be indicative of disease 
severity.[79] MMP9 levels were reported in 83% of research 
articles of which 35 publications reported increased levels and 
were considered as one of the most reliable markers of DED 
diagnosis  [Table 2, Fig.  2]. Enzymes levels in tears of DED, 
DED‑EDED, DED‑MGD, DED‑SS, and Rx‑Sx‑DED subjects 
were reported in last decade [Figs. 3 and 4].

Growth Factors and Colony‑Stimulating 
Factors
Epidermal growth factor (EGF), FGF, VEGF‑A, and GM‑CSF 
are growth factors or colony‑stimulating factors, which have 
been reported to be altered in DED in more than three studies 
in the past decade. Interestingly, EGF level was reduced 
in tears of DED subjects  [Fig.  2]. EGF and FGF are growth 
factors known to induce differentiation and proliferation of 
cells, thereby helping in wound healing and maintaining 
tissue homeostasis. Reduction in EGF is indicative of goblet 
cell dysfunction and reduced wound healing capacity of 
epithelial cells.[107] Animal studies have shown that inhibiting 
EGFR using erlotinib causes a reduced number of goblet cells 



April 2023		  1197Kumar, et al.: Tear biomarkers in DED: Progress in the last decade

Figure 3: Chord plot illustrating the relationship between types of DEDs and their associated analytes in major subclasses. DED: Dry eye disease, 
DED‑ADED: Aqueous deficient, DED‑EDED: Evaporative, DED‑MGD: Meibomian gland dysfunction related dry eye, DED‑SJS: Steven–Johnson 
syndrome‑related dry eye, DED‑SS: Sjögren’s syndrome associated dry eye, Rx‑Sx‑DED: Treatment or surgery induced dry eye disease

as well as reduced secretion of mucins by goblet cells resulting 
in DED.[108] Chronic inflammatory insult to the ocular surface 
leads to the invasion of blood and lymphatic vessels into the 
cornea. It not only facilitates ocular surface inflammation but 
also cellular trafficking in dry eye disease. Growth factors 
such as VEGF and FGF, which are elevated in DED promote 
corneal lymphangiogenesis.[109] Growth factors in tears of DED, 
DED‑EDED, DED‑MGD, DED‑SJS, DED‑SS, and Rx‑Sx‑DED 
patients have been seen  [Figs.  3 and 4]. Colony‑stimulating 
factors (CSF) are glycoproteins and consist of a small family 
including granulocyte–macrophage–colony‑stimulating 
factor  (GM‑CSF),  granulocyte–colony‑st imulating 
factor  (G‑CSF), multiple‑colony‑stimulating factor, or 
interleukin 3  (IL‑3), and macrophage‑colony‑stimulating 
factor  (M‑CSF). GM‑CSF is primarily produced by T cells, 
activated fibroblasts, and endothelial cells. Under inflammatory 
stimulation, GM‑CSF secretion aids the induction of 
monocytes/macrophages to promote DED.[110] Animal models 
of DED suggest similar expression of GM‑CSF in the cornea 
and increased levels in the conjunctiva of DED mice compared 
to controls.[110] Out of six publications, three stated increased 
levels of GM‑CSF in tears of DED subjects, whereas three 
showed reduced levels [Table 2, Fig. 2]. Moreover, GM‑CSF in 
also observed in the tears of DED, DED‑MGD, and DED‑SJS 
patients [Figs. 3 and 4].

Neurotrophic Factors and Neuropeptides
The cornea is innervated with dense sensory fibers; the fibers 
terminate into free nerve endings in a tightly packed epithelial 
layer. Due to the high density of sensory receptors in the 
cornea, any injury or insult to the cornea is accompanied 
by pain and hypersensitivity, leading to ocular surface 
discomfort in diseases such as DED.[52] Neuropeptides and 
neurotrophic factors play an important role in mediating 
sensory information and in regulating certain aspects of cell 
survival and the function of neurons. Serotonin, calcitonin 
gene‑related peptide  (CGRP), nerve growth factor  (NGF), 
and substance P are well‑known factors studied in DED.[111] 
Serotonin, a known peripheral nerve sensitizer, has been shown 
to be higher in tears of DED patients and the levels strongly 
correlate with symptoms of DED patients.[65] Serotonin, known 
to be activated by inflammation, might play a role in inducing 
corneal hypersensitivity in DED.[81] Increased NGF has been 
shown to play a protective role in DED by improving tear 
secretion and increasing epithelial cell layer integrity, whereas 
reduced CGRP is reported to be associated with lacrimal gland 
dysfunction.[11] Four out of five publications showed increased 
NGF levels [Table 2 and Fig. 2]. It can be speculated that the 
observed increase is due to a reparative and rescue response 
toward ocular surface injury. DED, DED‑ADED, DED‑EDED, 
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Figure 4: Sankey plot illustrating the status of various tear analytes in seven types of DEDs. The thickness of the line indicates the presence of 
an analyte in the number of publications followed by their status (increase significantly, increase, no change, decrease and decrease significantly) 
in DED, DED‑ADED, DED‑EDED, DED‑MGD, DED‑SJS, DED‑SS, Rx‑Sx‑DED

and Rx‑Sx‑DED patient tears have majorly reported increased 
neurotrophic factors and peptides [Figs. 3 and 4].

Heat Shock Proteins and Mucins
Heat shock proteins (HSP) are molecular chaperones, which 
help in protein re‑folding, maturation, and degradation. HSPs 
are present in all the corneal cells, which confer to protect and 
restore cellular viability during oxidative stress or thermal 
challenge. The protective role of HSPs is studied in glaucoma, 
cataract, and cancers. HSP‑27, HSP‑60, HSP‑70, and HSP‑90 
are present in the cornea.[112] These HSPs were also observed 
in tears of SS‑DED and Rx‑Sx‑DED patients [Figs. 3 and 4]. 
The mucin family constitutes secreted gel‑forming mucins 
and membrane‑tethered mucins. Mucins are tandem repeats of 
serine and threonine glycoproteins consisting of carbohydrates. 
Ocular mucins are the major constituent of the tear film, which 

provide lubrication and minimize friction during ocular 
movements and blinking.[108] MUC5AC and MUC16 levels were 
reported in tears of DED patients [Fig. 1]. Significant reduction 
of mucins in tears of SS‑DED subjects were reported [Fig. 4]. 
In addition, tears of Rx‑Sx‑DED subjects have reported mucin 
levels [Fig. 3].

Overall, the data suggests increased levels of cytokines, 
namely, IL‑1β, IL‑2, IL‑4, IL‑6, IL‑9, IL‑12, IL‑17A, IFN‑γ, 
TNF‑α; chemokines (CCL2, CCL3, CCL4, CXCL8); MMP‑9, 
FGF, VEGF‑A; soluble receptors  (sICAM‑1, sTNFR1), 
neurotrophic factors  (NGF, substance P, serotonin) and 
IL1RA are the most explored and reliable molecules 
indicative of the DEDs. Reduced levels of IL‑7, IL‑17F, 
CXCL1, CXCL10, EGF, and lactoferrin are also commonly 
reported in DEDs tears [Fig. 5].
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Conclusion
The ocular surface is constantly exposed to external environment 
agents and the cells of the ocular surface need to proactively 
participate in tissue repair and maintenance. Secreted molecular 
factors are cellular responses towards either external injury/
insult or a consequence of internal chronic inflammation where 
they act in an autocrine and paracrine manner to help maintain 
tissue homeostasis, aiding cell migration and differentiation. 
Dysregulated expression of secreted factors is an indication 
of loss of tissue homeostasis and basic cellular pathways gone 
amiss. Therefore, it is possible to evaluate tissue status, and as 
a consequence tissue health by measuring these biomarkers 
in the tears. Secreted factors can be thus used as potential 
biomarkers and indicators of not only disease severity but also to 
understand major cell types contributing to disease pathology. 
The underlying causes of DED are complex, making it necessary 
to create a personalized treatment plan for each patient rather 
than using a one‑size‑fits‑all approach or promoting a single 
medication or therapy as a cure‑all. Therefore, a multi‑marker 
tear protein profile can be used to tailor treatment options 
for patients, such as selecting the most effective combination 
of medical therapies  (such as anti‑inflammatory molecules) 
and interventional therapies (such as IPL and VP). Hence, we 
anticipate that point‑of‑care biomarker diagnostic tests will be 
made available to clinics shortly.

Future Perspectives
The factors identified are strongly associated with disease 
severity and can help in planning better treatment strategies in a 
patient‑specific manner, paving way for a personalized medicine 
approach in managing DED, particularly in iatrogenic cases such 
as post‑refractive surgery or cataract surgery. Hence, the next step 
is to develop a reliable, point‑of‑care diagnostic test for accurate 
and rapid measurement of key molecular factors associated with 
DED pathobiology. The current review has shown that the key 

factors such as MMP9, IL‑6, TNFα, IL‑1β, IL‑17A, sICAM1, and 
IL‑10 are significantly altered, albeit at different levels across 
various types of DED subjects in the last decade. It is well known 
that many patients present to the cornea clinic with symptoms 
but without signs, thus necessitating the use of inflammatory 
biomarker analysis to assist the ophthalmologist to plan potential 
treatments. In addition, many subjects that do not have symptoms 
may have signs, which will need to be addressed before surgical 
procedures. In all these cases, biomarker profiles can be greatly 
useful for patient stratification. Hence, we are developing a 
point‑of‑care diagnostic kit Bio‑M Pathfinder (NovoMol‑Dx, 
India, a customized version of the Ella™ Automated ELISA 
system, Bio‑Techne®Corporation, Minnesota, USA) for clinical 
use. Such a test will not only identify the molecular status in 
DED patients but also help define the risk of DED development 
in clinically healthy eyes undergoing invasive procedures such 
that they may be managed appropriately. In addition, knowledge 
of the particular biomarker(s) altered in a subject can help a 
clinician decide, which drug to use to treat them, given the 
multitude of DED treatment options available today. Therefore, 
biomarker testing in DED can usher in a new era of “personalized 
treatment” for DED.
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