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Abstract
Background: Despite the fact that keratoconus has been tipically defined as a noninflammatory con-
dition, recent research has promoted the role of inflammatory factors and protein changes of tear film 
in disease progression. Aims: to determine the level of serum albumin, lactoferrin and lyzozyme  in 
tears of keratoconic patients and their correlations with corneal biomechanical properties. Subjects  
and methods: 16 eyes of keratoconus patients and 14 eyes of  control cases were enrolled in an obser-
vational prospective study. We performed a complete ophthalmological examination on all participants. 
In order to determine the concentration of tear film proteins, a minimum of 20 microlitres of tears from 
the lower conjunctival fornix were collected from each subject and measured by enzyme-linked immu-
nosorbent assay (ELISA) analysis. Results: The level of lactoferrin measured in the tear film was sig-
nificantly decreased in the keratoconus group compared to the normal subjects in all cases (p<0.05). We 
also found an increased level of lyzozyme and albumin in the keratoconus patients when compared to 
the controls, only the lyzozyme beeing statistically significant. In the keratoconus group, the correlations 
between proteins and  important parameters such as keratometry, pachymetry and corneal biomechanics 
were statistically relevant in our study. Conclusions: We can state that the protein composition of tears is 
modified in keratoconus by increased levels of protein with inflammatory properties such as albumin or 
by decreased levels of protein with anti-inflammatory properties such as lactoferrin.
Keywords: keratoconus, lyzozyme, albumin, lactoferrin

Received: 8th September 2019; Accepted: 19th February 2020; Published: 2nd March 2020

*Corresponding author: Miruna Gabriela Burcel, Oftaclinic Clinic, Bucharest, Romania.  
E-mail: cristea.miruna@yahoo.com

Short communication



Revista Română de Medicină de Laborator Vol. 28, Nr. 2, Aprilie, 2020154

Introduction

Keratoconus is a common disease of the cornea, 
characterized by progressive thinning of the cor-
neal stroma leading to significant visual impair-
ment and corneal scarring (1). Its ethiology is not 
completely understood untill now, both genetic 
and environmental factors being involved. It is 
recognized that an environmental factor acts as a 
trigger of the disease in the people that are genet-
ically predisposed. Keratoconus may be isolated, 
associated with various clinical conditions such 
as atopy, ocular allergies, or even part of a syn-
drome: Down, Ehlers Danlos, Marfan, Noonan 
syndromes (2-4). Besides atopy and ocular al-
lergies, other environmental factors, which have 
been described, are eye rubbing and sun expo-
sure. These two, may cause oxidative damage 
to keratoconic corneas due to a reduced amount 
of corneal enzymes such as aldehyde dehydro-
genase 3 (ALDH3) and superoxid dismutase to 
process reactive oxygen species (ROS), which 
determine a degradation process with corneal 
thinning and loss of vision (3, 5).
Despite the fact that keratoconus has been tipi-
cally defined as a noninflammatory condition, 
recent research has promoted the role of inflam-
matory factors and protein changes of tear film 
in disease progression (6). Some authors found 
that stromal thinning appears due to a combina-
tion of increased activity of proteases and other 
catabolic enzymes or by decreased proteinase 
inhibitors (7). Also Lema et al reported an over-
expression of proinflammatory cytokines such as 
interleukin 6 (IL-6)  and tumor necrosis factor 
alpha (TNF-α), together  with matrix metallo-
proteinase (MMP)-9 in the tears of keratoconic 
patients (8). All of these generate alterations of 
extracellular matrix and collagen fibrils that lead 
to  changes in corneal biomechanics.  
Besides proteases and proinflammatory cyto-
kines, the tear fluid of patients with keratoconus 
contains other biomarkers such as serum albu-

min, lyzozyme, lactoferrin, lipocalin, which con-
stitute the most abundant proteins in the tear fluid 
(9). A  keratoconic cornea presents, beside thin-
ning of the stroma, other ultrastuctural changes 
that can modify corneal strentgh. These chang-
es are thinning of the epithelium and breaks in 
Bowman’s layer, which appear due to ocular 
itching and rubbing thus provoking chronic epi-
thelial lesions (7, 10). A few recent studies have 
examined the changes to the major tear proteins 
in keratoconus (6, 11). Taking into account all 
these, the present study evaluates the level of se-
rum albumin, lactoferrin and lyzozyme  in tears 
of keratoconic patients and their correlations 
with corneal biomechanical properties.

Materials and Methods

This study was a prospective, case-controlled 
one which included 16 eyes of 16 keratoconus 
(KC)  patients (11 males and 5 females) and 14 
eyes of 14 control patients (9 males and 5 fe-
males). In the set of keratoconus the mean age 
was 26.13±8.79 (range 14-44), while the con-
trols had a mean age of 26.57±9.79 with rang-
ing between 11 and 37. Study participants were 
recruited from Oftaclinic Ophthalmology Clinic, 
Bucharest, Romania between January 2017 and 
August 2017. The University of Medicine and 
Pharmacy “Carol Davila” Bucharest approved 
the protocol (no.130/2017) and an informed con-
sent was obtained from all patients and control 
subjects before the enrollment in the study. 
Inclusion criteria were as follows: 1) patients 
with KC confirmed using Amsler Krumreich 
classification based on biomicroscopy, keratom-
etry, refraction error and central corneal thick-
ness (12); 2) participants in the control group 
without modifications on corneal topography 
maps.
Exclusion criteria included: history of ocular 
surgery, ocular or systemic allergy, presence of 
local or systemic inflammation, or treatment 



Revista Română de Medicină de Laborator Vol. 28, Nr. 2, Aprilie, 2020 155

with local or systemic anti-inflammatory drugs, 
dry eye disease.
Corneal topography was performed using Top-
con device, the biomechanical characteristics 
were recorded using Ocular Response Analyz-
er (Reichert, Depew, NJ) and corneal thickness 
(CCT) was recorded using ultrasonic pachyme-
ter for all patients.
Tear collection was performed carefully with-
out topical anesthesia. We used 50 μl capillary 
tubes to collect a minimum of 20 μl of tear vol-
ume from the inferior  conjunctival cul-du-sac 
(avoiding touching the conjuntival surface) by 
capillary attraction and then transferred in Ep-
pendorf tubes. After that, the tear samples were 
stored at -80 °C within 1 hour without centrifu-
gation until analysis. 
Tear analysis for lactoferrin, lysozyme and se-
rum albumin was made using Human LTF (Lac-
toferrin) ELISA kit, Human LZM (Lysozyme) 
ELISA kit and Human AAA ( Anti-Albumin 
Antibody) ELISA kit (MyBioSource). To pre-
wet the plate, 200 ml wash buffer was used and 
prepared for incubating on the shake plate. Sam-
ples, standards and controls were stored in mi-
crotitre wells, after the specific antibodies to lac-
toferrin, lysozyme or albumin were added. Con-
secutively, biotinylated secondary antibody and 
streptavidin-peroxidase conjugate were added 
to the wells. Then a substrate was added which 
reacted with the streptavidin conjugate and the 
solution that resulted was read at 450 nm using 
the microplate reader ZENYTH 3100 (Anthos 
Labtec Instruments GmbH, Salzburg-Austria) 
and CURVE EXPERT software version 1.4, pro-
vided in the kit for each individual analyte.

Statistical analysis
Statistical analysis was performed using the sta-
tistical software SPSS statistics, version 20. The 
Shapiro-Wilk test was used to check for a normal 
distribution of quantitative data, appropriate for 
small sample sizes of fewer than 50 participants. 

An independent sample t-test was performed to 
analyze the difference in outcomes between the 
two groups, while the Mann-Whitney test was 
performed when data were not distributed nor-
mally. The correlations between the variables 
were investigated by determining the r Pearson 
correlation index. Continuous variables are pre-
sented as mean+/-standard deviation. A p value 
<0.05 was considered statistically significant.

Results

Our results showed no statistically significant 
age or sex-related differences between KC pa-
tients and control subjects.  Keratoconic patients 
(11 men and 5 women)  presented a mean age 
of 26.13±8.79 years and control individuals (9 
men and 5 women) presented a mean age of 
26.57±9.79 years. Patients’ distribution accord-
ing to Amsler Krumeich classification was as 
follows: stage 1-3 eyes (18.8%), stage 2-8 eyes 
(26,7%), stage 3-1 eyes (3.3%), stage 4- 4 eyes 
(13.3%).
The results from clinical records are reported 
in Table 1. They showed statistically significant 
changes in KC patients versus control patients. 
Patients with KC present higher corneal values, 
lower corneal thickness and biomechanical pa-
rameters than control group.
Tear serum albumin, lactoferrin and lyzozyme 
concentration in keratoconic patients and control 
subjects are shown in Table 2. KC patients had a 
significantly lower level of lactoferrin (p=0.001) 
and a higher level of lyzozyme (p=0.012) when 
compared to the control group. No statistical-
ly significant serum albumin level difference 
was detected between  keratoconus and control 
groups. 
Furher on, we carried out some correlations 
between the protein level in tears and high-
est corneal value (K max) and central corneal 
thickness. A significant negative correlation was 
found with  lactoferrin (r=-0.691, p=0.003) and 
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a significant positive correlation with lyzozyme 
(r=0.671, p=0.004) when compared to Kmax 
(Figure1). Also, we obtained no significant low-
er correlation (r=0.147) between Kmax record-
ers and albumin level in keratoconus subjects.
The correlations of keratomery  with lactoferrin 
and lyzozyme are shown in Figure 1.
As for the central corneal thickness in kerato-
conus patients we found a strong, positive, sta-
tistically significant correlation with lactofer-
rin (r=0.641, p=0.007). We also found a weak 
correlation between pachimetry and lyzozyme 
(r=-0.309, p=0.244), but without statistic sig-
nificance. There was no significant correlation 
(r=0.068, p=0.803) between pachymetry and se-
rum albumin.
Taking into account that corneal biomechanics 
are altered in a keratoconic cornea, we examined 
the correlation between corneal hysteresis (CH) 
and corneal resistance factor (CRF) and tear lev-
el of proteins. A significant positive correlation 
was found with lactoferrin (r=0.837,p=0.0001) 
while with lyzozyme we found a negative one 
(r=-0.571,p=0.021) when compared to corneal 

hysteresis. We found a weak correlation between 
CH and serum albumin, without statistical sig-
nificance (r=-0.386, p=0.140). As for the corneal 
resistance factor we found a significant positive 
correlation with lactoferin (r=0.779, p=0.0001) 
and a negative significant correlation with lyzo-
zyme (r=-0.670, p=0.005). There was no correla-
tion between CRF and serum albumin (r=-0.038, 
p=0.888). Correlation analyses with statistical 
significance were illustrated in Figure 2.

Disscusions

Despite extensive studies of keratoconus in re-
cent years, the ethiology remains  unknown so 
in this study, we performed a proteomic analysis 
of the eye with keratoconus patients and control 
subjects. Our results show altered tear protein 
profile in the KC subjects. We found decreased 
expression of lactoferrin  and increased level of 
lyzozim and serum albumin in keratoconic sub-
jects compared with control subjects. Therefore, 
we searched some relevant studies in the litera-
ture which analyze proteins levels in keratoconic 
patients in order to compare our results.

Table 1. Descriptive statistics for clinical parameters in keratoconus versus control group
Variables Keratoconus (n=16) Control (n=14) P value
K max, diopters 51.89±3.94 44.14±1.46 0.0001*

K min, diopters 47.33± 4.53 43.35±1.58 0.004*

CH 8.76±1.16 10.95±2.43 0.001*

CRF 7.31±1.35 9.94±2.42 0.001*

KMI 0.275± 0.25 0.581±0.43 0.011*

CCT (µm) 449.88±43.77 536.57±18.74 0.0001*

Results are resumed (mean ±SD) for K max, K min (corneal values on highest respective lowest refractive meridian), corne-
al histerezis (CH), corneal resistance factor (CRF),  keratoconus match index (KMI) and pachymetry (corneal central thick-
ness-CCT). * statistically significant

Table 2 Levels of serum albumin, lactoferrin and lyzozyme in tears 
Variables Keratoconus (n=16) Control (n=14) P value
serum albumin (µg/ml) 7.49±5.06 4.35±2.43 0.130 
lactoferrin (mg/ml) 0.20±0.21 1.06±1.17 0.001*
lysozyme (mg/ml) 2.85±2.08 1.63±0.3 0.012*

Results are presented as mean ± standard deviation; * statistically significant
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Fig.1. Correlation between tear protein and keratometry (K max)

Fig.2. Correlation between tear protein and biomechanical properties (CH, CRF)
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Lactoferrin is a protein that binds iron and rep-
resents about 25% by weight of the total tear 
proteins (about 2.2 mg/ml) (13). However there 
are studies that reported a variable level of lacto-
ferrin in normal human tears ranging from 0.63 
mg/ml to 1.49 mg/ml, with an average of 1.42 
mg/ml (13). Previous studies have demonstrated 
that  levels of lactoferrin are lower  in Sicca ker-
atoconjunctivitis, vernal or giant papillary con-
junctivitis, and postoperative cataract surgery 
(11, 13). Our study revealed a concentration of 
lactoferrin of 0.20±0.21 mg/ml  in the tears of 
keratoconus patients and of 1.06±1.17 mg/ml in 
the tears of controls. This result was in accor-
dance to Willcox et al. who found a concentra-
tion of 0.67±0.28 mg/ml in keratoconic patients 
versus 1.13±0.29 mg/ml in healthy people (11). 
Lactoferrin has an antioxidant, antibacterial 
(synergism with lysozyme) and anti-inflamma-
tory activity (stimulation and/or repression of 
cytokines’ delivery). Being characterized by an-
ti-inflammatory properties, it inhibits the proin-
flammatory effects of the hydroxyl radicals (13). 
Also results from a number of studies have as-
sessed that lactoferrin inhibits the production of 
IL-6, TNF-α, interleukin beta (IL-a-β) and inter-
leukin 8 (IL-8). Therefore the increased expres-
sion of proinflammatory cytokines such as IL-6, 
TNF-α in the tears of patients with KC may be 
explained by the decreased level of lactoferrin 
(14). Being a protein that determines depletion 
of free iron, the decreased levels of lactoferrin 
in keratoconic corneas induce the deposition of 
free iron on corneal endothelium, which is called 
Fleischer’s ring sign (11). 
Lysozyme is a glycolytic enzyme produced by 
lysosomes, which represent 20-40% of the total 
normal tear proteins. Being a protein with anti-
bacterial function, it destroys bacteria by break-
ing down the peptidoglycan within the bacterial 
cell walls. Lysozyme interacts with lactoferrin, 
which decreases the overall negative charge on 
the bacterial surface, allowing greater acces-

sibility of lysozyme to the underlying peptido-
glycans. Studies have reported  a normal tear ly-
sozyme level range between 0.6 and 2.6 mg/ml 
(15). We found an increased expression of lyso-
zyme in keratoconus of 2.85±2.08 mg/ml when 
compared to healthy people were we found a 
level of 1.63±0.3 mg/ml. Gorskova et al studied 
in 1998  the local immunity on 146 eyes from 
81 patients with keratoconus at different stages 
of the disease  and published a series of results, 
suggesting increased concentrations of secreto-
ry imunoglobulin A (Ig A), immune complexes, 
C3 component of the complement, transferrin, 
α1-antitrypsin and lysozyme in the tears of kera-
toconus patients (16). These findings were simi-
lar to ours, being reflected in classifying kerato-
conus as an inflammatory disease.
Serum albumin represents a minor component of 
human tears, but it can rise markedly with con-
junctival stimulation (15). When serum albumin 
is present in tears, this indicates the failure of 
blood-ocular barrier in vessels of the conjunc-
tiva (6). Our study results show an increased 
expression in albumin in tears from keratoconic 
patients versus controls, but without statistical 
significance. The increased level of albumin in 
keratoconus patients’ tears may be indicative of 
albumin exudation from blood vessels. Balasu-
bramian et al observed a decresed level in serum 
albumin concentration in keratoconus patients 
without being statistically significant, a situa-
tion that contradicts our results (11). It is also 
known that an increased concentration of serum 
albumin in tears in associated with the dry eye 
syndrome (11, 17). Taking into account that it is 
now known that inflammation is one of the key 
pathologies  in keratoconus, it is not unexpected 
that some of the biomarkers such as lactoferrin 
and albumin are similar between keratoconus 
and dry eye. 
Moreover, we investigated if there is any cor-
relation between keratoconus severity and the 
tear proteins and found a positive correlation 
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between lysozyme and maximum keratometry 
and a negative one between lactoferrin and ker-
atometry, indicating that a more severe stage of 
the disease is associated with a higher level of 
lysozyme and a lower level of lactoferrin. Given 
the fact that the decreased level of lactoferrin in 
keratoconus may explain the increased expres-
sion of proinflammatory cytokines we can state 
that the higher the local inflammation and the 
reduced antiinflammatory capacity in the tears 
of KC patients, the more important the severi-
ty of the disease. However, the increased serum 
albumin in KC tears, which may be another sign 
of local inflammation, did not correlate with the 
keratometry readings. Further studies are neces-
sary in order to determine the effect of keratoco-
nus on tear film albumin. Balasubramanian et al 
also investigated the correlation between  kera-
toconus stages and the tear proteins and proved 
a negative correlation between lactoferrin and 
keratometry and no significant correlation be-
tween albumin and keratometry, which are in 
accordance with our study (11).
Taking into account that inflammatory cytokines 
and proteolytic enzymes, which interact with 
tear proteins generating a corneal thinning and 
thus interfere in the mechanical properties of the 
cornea, we investigated if there is any relation-
ship between tear film proteins and corneal bio-
mechanical properties. To our knowledge, this is 
the first study which has investigated the inter-
actions between corneal biomechanics and tear 
proteins. A significant positive correlation was 
found with lactoferrin when compared to cor-
neal hysteresis and the corneal resistance factor, 
respectively a significant negative one with the 
lysozyme. There were no significant correlations 
between corneal biomechanics and the tear con-
centration of albumin. The positive correlation 
between lactoferrin and corneal hysteresis and 
corneal resistance factor means that a low level 
of LTF is associated with low corneal biome-

chanical stability. Since biomechanical stability 
is dependent on organization of structural com-
ponents within the cornea, the microstructural 
alterations encountered in keratoconus lead to 
abnormal biomechanical response when com-
pared to normal corneas (18). The microstruc-
tural alterations involve tissue degradation due 
to the overexpression of proinflammatory cyto-
kines and matrix metalloproteinases, which is 
related to the degree of decreased level of lacto-
ferrin encountered in keratoconus. Furthermore, 
we can state the lower the level of antiinflamma-
tory molecules, the more important the alteration 
of biomechanical stability.
An important limitation of our study is the rel-
atively small number of participants. The low 
number of included subjects decreases the 
strength with which we may state our conclu-
sions. We based our statements on the fact that 
similar proteomic studies have used similar sam-
ple sizes (12,15).

Conclusions

Although there are studies that examined the tear 
film proteins of keratoconic corneas, this study  
has quantified lactoferrin, lysozyme and serum 
albumin and for the first time it has correlated 
these findings to important parameters of the dis-
ease. Studying the tear film proteins along with 
corneal topography modifications as well as with 
corneal biomechanical parameters is essential 
in understanding the course of the disease. We 
have demonstrated that the protein composition 
of tears is changed in keratoconus by increased 
levels of proteins with inflammatory properties 
such as albumin or by decreased levels of pro-
teins with anti-inflammatory properties such as 
lactoferrin. 
Further research is needed to elucidate whether 
these changes may contribute directly to the de-
velopment of the disease.
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