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ABSTRACT

Background/aims. Lactoferrin is found in high concentrations in human tears, and plays an

important role in host defense against infections and in down-regulation of ocular inflam-

mation. Since polymorphic variants of lactoferrin may differ in their antibacterial activities,

we investigated whether lactoferrin gene polymorphism is associated with susceptibility to

and outcome of infectious corneal ulcers.

Methods. Information about the various clinical aspects of the corneal ulcers was extracted

from patient’s records. Lactoferrin gene polymorphisms Ala11Thr, Lys29Arg, and

Glu561Asp were determined by restriction fragment length analysis on PCR-amplified ge-

nomic DNA in 70 patients with an infectious corneal ulcer. Lactoferrin concentration in

tears of 26 patients and 40 healthy controls was quantified by ELISA.

Results. The frequencies of genotypes did not differ between patients and controls. Lacto-

ferrin gene polymorphisms Glu561Asp showed a trend towards delayed epithelial healing

for patients homozygous for 561Glu. Polymorphisms Ala11Thr, Lys29Arg did not reveal

any differences for clinical outcome in covariate analysis. Lactoferrin concentration in tears

of the affected and contralateral eye of the patients did not differ, and were the same as the

lactoferrin levels of healthy controls.

Conclusion. Lactoferrin gene polymorphisms Ala11Thr, Lys29Arg, and Glu561Asp are not

associated with the susceptibility to infectious corneal ulcers, but patients with glutamic

acid at position 561 of the lactoferrin protein showed a trend for delayed healing of the

corneal ulcer. Thus, differences in the functionality of the lactoferrin variants may contribute

to the clinical outcome of infectious corneal ulcers.
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INTRODUCTION
Infectious corneal ulceration is a rare but serious ophthalmologic disease that can cause

corneal perforation1,2 and blindness. In the Western World, the incidence of corneal ulcera-

tion is about 11 cases per 100.000 inhabitants;3 and it has been estimated that worldwide each

year 1.5 million people become unilaterally blind due to corneal ulcers.4 The main risk fac-

tors for corneal ulceration are contact lens wear and trauma;5 30 % of all corneal ulcerations

in the Western World are contact lens related.6 Regarding the total number of individuals

with extended-wear contact lenses, only a small minority develops an infectious corneal ul-

ceration,7 Pseudomonas aeruginosa being the most frequently cultured organism from

contact lens associated ulcers.8

In general, the risk to develop an infectious corneal ulcer and/or its clinical outcome depends

on the type of infectious etiologic agent, extent of precipitating trauma, the intrinsic antimi-

crobial capacity of the eye, and the inflammatory response of the host.9 Among the factors

determining the host response to eye infections, lactoferrin is a multifunctional protein with

antimicrobial and anti-inflammatory activities, 10,11 and it is found in a high concentration

in tears (approximately 2 mg/ml) (Keijser et al., submitted).12 Recently, we investigated

lactoferrin gene polymorphisms in patients with herpes simplex keratitis and found an as-

sociation between polymorphism Glu561Asp and the susceptibility to herpes simplex ker-

atitis. (Keijser et al. submitted). Two other lactoferrin polymorphisms causing amino acid

substitutions at position 11 (Ala11Thr) and 29 (Lys29Arg) of the lactoferrin protein are as-

sociated with infections of the oral cavity.13,14 In addition, the lactoferrin polymorphism

Lys29Arg displayed differences in antibacterial and transcriptional activation activities.15

Based on these findings, we investigated whether the lactoferrin genotypes are associated

with the susceptibility and clinical outcome of infectious corneal ulcer.

PATIENTS AND METHODS

Patients
Seventy-six patients ages ≥18 years with an infectious corneal ulcer treated between 2004

and 2006 at the university eye clinics of LUMC and UMCU were invited to participate in

the study. The study was approved by the local medical ethics committee (No p03-078),

and followed the tenets of the Declaration of Helsinki. All patients provided a written in-

formed consent. Patients with herpes simplex keratitis hepatitis C, or severe dry eyes as de-

fined by a tear break up time (BUT) of less than 5 seconds and/or Schirmer test under 5

mm/5 min were excluded. Seventeen patients (36 male, 34 female, mean age 51 (range 18-

91)) were included in the study. Twenty-nine patients (42 %) wore contact lenses at onset

of the corneal infection, seven patients had diabetes (10%). Six patients were excluded from

the study: three because they suffered from severe dry eyes, two with corneal decompensa-

tion, and one with a corneal ulceration after radiation of the eye for melanoma of the iris.

Patient’s records were used to extract demographic information, contact lens wear, best cor-

rected visual acuity at onset, best corrected visual acuity after treatment, size of the ulcer,

identification of the pathogen, duration of corneal defect, duration of treatment, and type of

treatment. Visual acuity was measured with Snellen charts. All patients signed a written in-
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formed consent before a tear sample and 10 ml of blood were collected. From 26 patients

sufficient tears from the affected eye could be collected, of four of these patients no con-

tralateral tear sample was available. Tears were acquired with Sugi Steril sponges (Ketten-

bach Medical, Eschenburg, Germany) which were kept in the inferior conjunctival fornix for

a few minutes. Forty healthy subjects underwent a BUT and Schirmer test before a tear sam-

ple was collected. A blood sample was available from 145 control subjects without a history

of severe systemic or eye infection; the characteristics of these patients have been reported

earlier.16

PCR-restriction fragment length analysis of lactoferrin gene poly-

morphisms
We used PCR-restriction fragment length polymorphism analysis to determine the genotypes

encoding the amino acids at positions 11, 29, and 561 as described earlier (Keijser et al., sub-

mitted). DNA was extracted from the blood samples using the Nucleospin® Blood L Kit

(Macherey-Nagel A.G., Oensingen, Switzerland) and then amplified using a primer set for

exon 1 and another set for exon 15 of the lactoferrin gene. Sequence for primers for exon 1

are: forward 5’-CTGTGTCTGGCTGGCCGTAGG-3’ and reverse, 5’-AATGGCCTGGAT-

ACACTGGAT-3’, for exon 15: forward 5’-ATTCCATTGCATGGACACAG-3’, and reverse

5’-CCCACACAGCTAAGAAAGCA-3’.

PCR reactions were performed in ~50 µl comprising of 37 µl of H2O, 3 µl of 25 mM MgCl2
(Roche Diagnostics, Mannheim, Germany), 1 µl containing 100 ng of DNA, 5 µl of 10x con-

centrated PCR buffer (Roche), 1 µl containing 10 pmol of each primer (Isogen Life Science,

Maarssen, The Netherlands) , 1 µl of DMSO, 2 µl of 25 mM of dNTPs (Invitrogen, Carlsbad,

CA, USA), and 0.16 µl of 5 U/ml Taq-polymerase (Promega®). The PCR reaction consisted

of one denaturation step of 5 min at 95 °C and subsequently 35 cycles of 30 sec at 95°C fol-

lowed by 30 sec at 55°C and 30 sec at 72°C with a final 10 min extension at 72°C. PCR

products were detected after separation on a 2 % agarose gel (Invitrogen).

The following restriction enzymes: Hha1 (Gibco BRL, Paisley, Scotland), MBOII (Gibco

BRL), and Hga1 (Biolabs, Hitchin, England) were used to detect the genotypes encoding the

amino acids at position 11, 29, and 561, respectively. The PCR product (8 µl) was mixed

with 1.5 µl of 2 U/ml of restriction enzyme and 1 µl of 10x buffer and then incubated for

3 hours at 37°C. To visualize the restriction fragments, the mixtures containing Hha1 or

MBOII were run on spreadexgel (EL300, 50-200 bp, Elchrom, Scientific, Cham, Switzer-

land) and those containing HgaI on a 2% agarose gel.

ELISA for human lactoferrin
Tear lactoferrin concentrations were quantified by a human lactoferrin-specific ELISA as de-

scribed earlier (Van Berkel et al.17, and Keijser et al., submitted).

Statistics
Statistical analysis was performed using SPSS version 11 (SPSS, Chicago, IL, USA). Chi-
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Square test was used to calculate the significance of the differences in frequencies of various

lactoferrin genotypes between the patient group and control subjects. An oneway ANOVA

and Cox regression mono- and covariate analysis were used to compare the lactoferrin geno-

types with the clinical parameters. The ANOVA-test was also used to compare tear lacto-

ferrin concentrations between the different genotypes. A P-value of 0.05 or less was

considered significant.

RESULTS
The PCR analysis revealed no differences in the frequencies of the various genotypes of

lactoferrin between the patients and the controls (Table 1). Next, we investigated whether

the various genotypes may be associated with the clinical outcome of the infectious corneal

ulcers. Patients homozygous for alanine at position 11 of the lactoferrin protein are suffering

from a worse clinical outcome in monovariate cox regression analysis. The best corrected

visual acuity at onset (p=0.028) and the duration of the corneal defect (p=0.017) differed sig-

nificantly. However, when corneal ulcer size was introduced as a covariate in Cox regression

analysis none of the clinical parameter reached significance (Figure 1). Furthermore, mono-

variate Cox regression analysis showed longer duration of epithelial defect in patients het-

erozygous for Glu561Asp (p=0.046). When corrected for corneal ulcer size a trend was still

visible (p=0.075). In addition, patients with a 561Asp allele showed a faster epithelial heal-

ing than patients without the 561Asp allele (p=0.043), when corrected for corneal ulcer size

a trend was still visible (p=0.06) (Figure 2). No differences were seen for clinical outcome

in polymorphism Lys29Arg.

Gene polymorphisms

causing a substitution at

position

Pati

Genotype

frequencies

ents

Allele

frequencies

Control

Genotype

frequencies

subjects

Allele

frequencies

11

29

561

Ala/Ala

Ala/Thr

Thr/Thr

Lys/Lys

Lys/Arg

Arg/Arg

Asp/Asp

Asp/Glu

Glu/Glu

57

36

7

53

37

10

10

59

31

75

25

71

29

40

60

55

37

8

49

34

17

16

49

35

74

26

66

34

40

60

Table 1Distribution of the various genotypes in exon 1 and exon 15 of the lactoferrin gene in patients with corneal

ulcerations and in controls subjects. There are no significant differences.

Data are from 70 patients and 145 controls. All genotypes are in Hardy-Weinberg equilibrium.
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Figure 2. Cox regression analysis for

lactoferrin polymorphism glu561asp

and duration of epithelial defect.
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No differences in tear lactoferrin concentrations between the affected eye and the contralat-

eral eye of patients (2.2 ± 0.3 mg/ml and 1.9 ± 0.2 mg/ml, respectively) were observed, and

these values were about equal to lactoferrin concentrations in tears of healthy controls (2.1

± 0.1 mg/ml).

Comparison between patients with and those without contact lenses revealed no differences

in clinical outcomes, except the best corrected visual acuity after treatment in patients with-

out contact lenses was significantly (p=0.018) lower than of patients with contact lenses. Pa-

tient with contact lenses were evenly distributed among the various lactoferrin genotypes.

DISCUSSION
The main conclusion from the present study is that the lactoferrin gene polymorphism caus-

ing an glutamic acid/aspartic acid substitution at position 561 of the protein could be asso-

ciated with the duration of epithelial defect of infectious corneal ulcers, but not with the

susceptibility to this disease. Patients without the 561Asp allele seem to have a slower

corneal epithelial healing than patients with 561Asp allele. This finding together with a pre-

vious report of an association with susceptibility to Herpes Simplex Keratitis and the

Glu561Asp lactoferrin polymorphism (Keijser et al, submitted), indicates that the

Glu561Asp polymorphism could influence the functionality of the lactoferrin protein. The

Asp561 lactoferrin variant displays more flexibility in the C-lobe than Glu561 leading to the

exposure of a hydrophobic domain (Araki-sasaki 2005), which could interfere with the in-

teraction with other proteins. Further studies are required to elucidate the possible role of this

amino acid substitution on the biological activities of lactoferrin.

Moreover, no differences in the tear lactoferrin levels among the various lactoferrin gene

polymorphisms have been found (Keijser et al, submitted). In agreement with tear lactoferrin

levels in Chinese patients with an infectious condition of the eye and healthy controls,18 the

tear lactoferrin levels in the affected and the contralateral eye of the patients were the same

and did not differ from the levels in healthy controls, excluding the possibility that differ-

ences in tear lactoferrin levels affected the susceptibility to and clinical outcomes of infec-

tious corneal ulcers in our study.

The genotype frequencies for the polymorphisms resulting in an amino acid substitution at

positions 11, 29, and 561 of the lactoferrin protein did not differ between patients with in-

fectious corneal ulcers and healthy controls. This observation may seem surprising, but it

should be realized that events independent from the susceptibility to infections, such as mi-

crotrauma to the corneal epithelium, precede an infectious corneal ulcer. Although no asso-

ciation was found for infectious corneal ulcer patients and susceptibility between lactoferrin

gene polymorphisms, others showed that lactoferrin gene polymorphisms causing a

lysine/arginine substitution at position 29 and an alanine/threonine substitution at position

11 of the protein are associated with susceptibility to aggressive (bacterial) periodontitis.19,20

Obviously, the present lactoferrin gene polymorphisms do not explain susceptibility to in-

fectious corneal ulcers. It is likely that that further polymorphisms within the lactoferrin

gene21 as well as the genes for other host-response factors, such as lysozyme22 and cytokines

like interleukin (IL)-10,23 IL-12,24,25 interferon-gamma,26 and corticosteroids contribute to

susceptibility to infectious corneal ulcers. Furthermore, other - yet unidentified - genes,
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which control the presence and numbers of bacteria in corneal epithelium, may render some

patients less susceptible than others. In addition, numerous factors related to the causative

agent(s) could also be involved in the susceptibility. The kind of bacteria found in the cul-

tures is related to the clinical outcome in patients with infectious corneal ulcers,27 with com-

monly found bacteria such as Staphylococcus aureus, and Pseudomonas aeruginosa. One

possible confounding factor in our present data could be contact lens wear as it has been re-

ported that this is a risk factor for the development of infectious corneal ulcers.28 However,

we found no difference in contact lens wear among the patient groups with the different

lactoferrin gene polymorphisms. Although the number of patients included in our study may

seem small, it is in full agreement with the results of our power calculations. Therefore, we

believe that our data allow us to draw reliable conclusions.

The results presented here and those reported by others29,30,31 and us (Keijser et al., submitted)

revealing an association between lactoferrin gene polymorphisms and susceptibility to and

clinical outcome of mucosal infections underline the notion that genes play a role in the

predisposition to and progression of infections of the eye. Once the contribution of the ge-

netic variations in the different genes to susceptibility/progression of infections of the eye

have been documented, a better risk profile for patients can be made, which may in the

future influence the treatment of infections to the eye.
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