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Objectives: It is often hard to reach a definitive diagnosis of congenital alacrima because of 

the difficultly in proving the lack of lacrimal tissue. We report here the distinct tear protein 

profile in presumed congenital alacrima.

Patients and methods: A 13-year-old girl with presumed congenital alacrima and 15 healthy 

volunteers aged 23–35 years were included in this study. Tears were collected using Schirmer 

strips, and tear protein analyses were performed. Tear samples were collected from the patient 

with alacrima before and after surgical punctal occlusion of both the upper and lower puncta, 

and tear protein extract was fractionated using HPLC. Lactoferrin and albumin concentrations 

in the tears were separately determined using ELISA.

Results: The chromatogram in the patient greatly differed from that in normal subjects with low 

concentrations of secretory IgA, lipocalin-1, and lysozyme. ELISA results indicated that the tear 

fluid in the patient contained a high concentration of albumin but a minimal concentration of 

lactoferrin. Punctal occlusion improved the ocular surface findings, but major lacrimal protein 

concentrations remained low and tear albumin concentrations further increased.

Conclusion: The tear protein profile of a patient with presumed congenital alacrima greatly 

differed from that of normal subjects. Tear protein analysis may be useful in making a diagnosis 

of congenital alacrima and in assessing the efficacy and mechanism of punctal occlusion.
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Introduction
Congenital alacrima is a rare disease presenting as severe keratoconjunctivitis sicca 

that is present since infancy.1–3 Autosomal dominant and recessive traits have both 

been reported in congenital alacrima, and it may also present as a part of the triple 

A syndrome, an autosomal recessive disease characterized by esophageal achalasia, 

alacrima, and adrenal insufficiency.4,5 Systemic findings and family history are not 

present in all cases, and it is often hard to reach a definitive diagnosis because of the 

difficultly in proving the lack of lacrimal tissue. We hypothesized that tear protein 

analysis could provide a new information to make a diagnosis of alacrima, because 

the protein composition of tear fluid is known to be unique and differs from that of 

the serum or extracellular fluid.6,7

The total protein concentration in tears is approximately one-tenth of that of the 

serum.6,7 Lactoferrin, lipocalin-1, lysozyme, and secretory IgA are the major tear 

proteins, whereas albumin, a representative serum protein, is present in very low 

concentrations in normal tears.8 However, compositional changes in tear fluid occur 

in pathological conditions, eg, lysozyme, lactoferrin, lipocalin-1 concentrations, are 

significantly decreased in the tears of patients with dry eye disease, whereas albumin 

concentrations are significantly increased.9,10 Thus, tear fluid is recognized as a mixture 
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of secretions originating from the main lacrimal glands, 

accessory lacrimal glands, meibomian glands, and ocular 

surface epithelium.11–13 Conjunctival water flow accounts 

for 10% of the total water supply under normal conditions 

in the current model of tear dynamics. In dry eye, increased 

tear osmolarity drives the osmotic water flow by up to 50% 

of the lacrimal supply rate, significantly contributing to tear 

fluid.14,15 We speculated that simultaneous albumin and lac-

toferrin measurements could provide a new perspective for 

determining the source of tear fluid.

We studied the patient’s tear protein profile and observed 

some interesting findings. In addition, we discussed the effi-

cacy and mechanism of punctal occlusion in this patient.

Patients and methods
Subjects
Participants of the study included a 13-year-old girl with 

presumed congenital alacrima and 15 healthy volunteers (six 

males and nine females; aged 23–35 years [27.9±3.7 years, 

mean±SD]) serving as normal controls who had no history 

of eye disease, except for refractive errors. Inclusion criteria 

for normal controls in the study were based on the diagnostic 

criteria defined by the Japan Dry Eye Society.16,17 All con-

trols had Schirmer values .5 mm, tear film break-up times 

longer than 5 seconds, and no apparent fluorescein staining 

of the cornea and conjunctiva. Schirmer values of normal 

controls were 22.3±10.3 mm (range, 6–35 mm), and  tear 

film break-up time values were 8.1±2.2 seconds (range, 

6–15 seconds).

The patient with presumed congenital alacrima suffered 

from symptoms of photophobia and foreign body sensation. 

Upon visiting our hospital at 6 years of age, she exhibited 

severe keratoconjunctivitis sicca and decreased lacrimation. 

She had no remarkable past illnesses or systemic findings 

and no physical or mental developmental deficiencies. Her 

parents and a younger sister did not have any sign or symp-

tom of dry eye. No abnormalities were found in their eyes. 

Her blood test results were negative for SS-A and SS-B 

antibodies. The lacrimal gland was not apparent bilaterally 

on MRI examination, and the lack of gland tissue on lacrimal 

gland biopsy suggested a diagnosis of congenital alacrima.

Treatment consisted of artificial tears and hyaluronic acid 

eye drops, but this did not reduce the patient’s symptoms. 

Surgical punctal occlusion was performed at 13 years of 

age. Both eyes demonstrated low tear menisci and severe 

keratoconjunctivitis with filaments bedore punctal occlu-

sion surgery. Schirmer test values were 0 mm in both eyes. 

Only 2 mm (right eye) and 4 mm (left eye) of the tip of 

Schirmer strips in contact with the lower fornix were moist. 

The Schirmer strips were then used for tear protein analysis. 

Both eyes demonstrated improvements in ocular findings 

with higher tear menisci after surgery. Schirmer test values 

were increased to 1 mm in the right eye and 3 mm in the 

left eye. The patient continues to use artificial tears and 

hyaluronic acid eye drops, and her subjective symptoms have 

been maintained at relatively mild levels.

Guidelines developed by the World Medical Association 

Declaration of Helsinki were followed. The patient and the 

controls received a full explanation of the procedures and 

provided written informed consent prior to participation in 

the study. The protocol was approved by the institutional 

review board of Kyorin University School of Medicine 

(project # 679).

Tear samples
Tears were collected by inserting a Schirmer test strip (Alcon, 

Inc., Fort Worth, TX, USA) in the lower fornix with the 

subject’s eyes closed. Topical anesthesia was not used to 

eliminate the possibility of compositional changes in tears 

caused by anesthetic eyedrops.6,7 The strips were removed 

after 5 minutes, immediately placed in a 1.5-mL centrifuge 

tube (Eppendorf, Hamburg, Germany) and stored at −80°C 

until it was used for assay.

Tear protein analysis
To elute the tear proteins, the Schirmer strip was soaked in 

200 µL PBS for 30 minutes.18,19 The Bradford method was 

used to determine total tear proteins, with BSA (Sigma-

Aldrich Co., Tokyo, Japan) as a standard. Approximately 

2 µL of each tear protein extract was mixed with 300 µL 

of advanced protein assay reagent (Cytoskeleton Inc., Den-

ver, CO, USA). Total tear protein concentration of each 

sample was determined using a plate reader (Benchmark 

Plus, Bio-Rad Laboratories, Inc., Hercules, CA, USA)  

set at 590 nm.

Approximately 3 µL of each tear protein extract was 

fractionated using HPLC under the conditions used for 

identifying sIgA, lactoferrin, lipocalin-1, and lysozyme 

as described previously.18,19 Elution was performed with a 

7.8 mm I.D.×300 mm TSK G3000SWXL column (Tosoh 

Inc., Tokyo, Japan), with a mobile phase of 0.5 M sodium 

chloride and 0.1 M sodium phosphate (pH 5.0). The flow rate 

was 0.7 mL/min, and peaks were detected at 230 nm.

Lactoferrin and albumin tear concentrations were sepa-

rately determined using ELISA, as the peaks for lactoferrin 

and albumin overlap when HPLC is performed on tear 
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samples as described above. Commercial ELISA kits for 

lactoferrin and albumin (Bethyl Laboratories, Montgomery, 

TX, USA) were used according to the manufacturer’s instruc-

tions. Tear extract samples were diluted to concentrations of 

1/10 or 1/100, and absorbance was measured at 450 nm using 

a plate reader (Benchmark Plus, Bio-Rad Laboratories, Inc.). 

The final results were expressed as mg/mL.

Results
Figure 1 shows the chromatogram of tear proteins in the 

patient and controls. Under chromatographic conditions for 

HPLC, proteins with larger molecular weights have shorter 

retention times and those with smaller molecular weights 

have longer retention times. In controls, proteins that are rela-

tively specific to tears such as sIgA, lactoferrin, lipocalin-1, 

and lysozyme formed tall peaks. The chromatogram of the 

patient distinctly differed from that of the controls. On this 

scale, the peaks for sIgA, lipocalin-1, and lysozyme were 

minimal and almost undetectable. The peak indicating lac-

toferrin was tall but as it overlapped with that of albumin, 

it was difficult to separate them under chromatographic 

conditions. The chromatogram pattern for the patient did 

not change even after punctal occlusion.

Table 1 shows lactoferrin and albumin concentrations 

measured using ELISA with total protein concentration, 

which was greater in the patient than in the controls. Lacto-

ferrin concentration was minimal in the patient, but albumin 

concentrations were high, suggesting that the lactoferrin/

albumin peak observed on HPLC in the patient mainly 

consisted of albumin. After punctual occlusion, lactoferrin 

concentrations remained unchanged in the patient; however, 

albumin concentrations increased to approximately twice 

the preoperative value.

Discussion
The protein composition of tear fluids is known to be different 

from that of the serum and extracellular fluids.6–13 Lactoferrin, 

lipocalin-1, lysozyme, and sIgA are the main components of 

tears and are found in high concentrations in normal tears but 

in low concentrations in the serum. The chromatogram of the 

patient greatly differed from that of controls with low con-

centrations of sIgA, lipocalin-1, and lysozyme. The peak for 

lactoferrin was high, but as this peak includes both lactoferrin 

and albumin, lactoferrin and albumin concentrations were 

separately measured using ELISA, which indicated that the 

tear fluid in the patient contained high albumin concentrations 

but minimal lactoferrin concentrations. Punctal occlusion 

resulted in increased tear volume but minimal lactoferrin 

concentrations. The findings in our case are different from the 

report of Tong and associates who investigated the effects of 

punctal occlusion on global tear protein levels in patients with 

dry eye.20 They reported that patients with lower Schirmer 

scores had a reduction in the inflammatory proteins and rise 

in lacrimal proteins such as lysozyme and lactoferrin after 

punctal occlusion. Extreme low lactoferrin concentrations 

in our patient both before and after punctual occlusion may 

support the diagnosis of congenital alacrima.

The HPLC and ELISA results indicated that the con-

centrations of the four major tear proteins were low in the 

patient. Lactoferrin, lipocalin-1, and lysozyme are products 

of acinar tissues in the lacrimal glands. sIgA is produced 

by a combination of dimeric IgA from plasma cells and a 

secretory component synthesized in the ductal cells of the 

lacrimal glands. These proteins are relatively specific to tear 

fluid, although the sources are different.6,7 Changes in tear 

protein composition and concentrations have been reported 

under various conditions including during sleep and when 

Figure 1 Typical HPLC of tear proteins. 
Notes: Tear components normally include sIgA (1), lactoferrin and albumin (2), lipocalin-1 (3), and lysozyme (4). The HPLC chromatogram of the patient (A) greatly differed 
from that of the controls (B).
Abbreviation: UV, ultraviolet.
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using topical medication.20,21 It has been reported that tear 

composition differs in stimulated tears6,7 and that lactofer-

rin and lipocalin-1 concentrations are decreased in dry eye 

conditions.9,18 However, extreme low concentrations as 

observed in our patient have not been reported.

The high concentration of tear albumin in our patient is 

another interesting finding. Albumin, a major protein in the 

serum, is found in low concentrations in tears,6,7 and reports 

have shown varied tear albumin concentrations, even in normal 

subjects, and increased tear albumin levels in patients with dry 

eye.12,15 The tear albumin concentration in our patient was more 

than double of that in controls and further increased with punc-

tal occlusion, supporting the diagnosis of congenital alacrima 

and shedding light on the efficacy of punctal occlusion.

In our patient, punctal occlusion resulted in improved 

tear retention and ocular surface findings. The source of 

tear fluid is typically presumed to be the main or accessory 

lacrimal glands; however, tear protein composition in our 

patient suggests that the source may, at least partly, be the 

conjunctival epithelium. It has been assumed that conjuncti-

val water secretion occurs via a chloride channel.22 Cerretani 

and Radke have estimated that to compensate for the high 

osmotic pressure of tear fluid, conjunctival cells produce 

water and account for ~10% of the tear fluid in normal 

subjects and 25%–50% in patient with dry eye.23 Punctal 

plug insertion and punctal occlusion are widely used in the 

treatment of refractory tear-deficient dry eye. The increased 

tear volume in such cases is partially due to increased con-

junctival water secretion. As albumin concentrations have 

been reported to be high in patients with dry eye, we believe 

that this hypothesis is worth considering in the therapeutic 

mechanism of punctal occlusion.

A possible limitation of our current study is that the age of 

control subjects does not match the patient. However, accord-

ing to the report of Esmaeelpour and associates,24 tear protein 

compositions of infants (postnatal age: 7.8±6.1 weeks) do 

not differ much from adults except for a decrease in IgA 

concentration. The patient in our study is 13 years old, and 

we believe that the distinct tear protein profile of our patient 

cannot be explained by the age. Another limitation is that 

the finding of this current study is based on a single patient. 

Although congenital alacrima is an extremely rare disease, 

more patients with alacrima should be examined in the future 

to confirm the results of our study.

Conclusion
We treated a patient with presumed congenital alacrima 

with no family history or systemic findings. Tear protein 

analysis of the patient differed from that of controls and 

revealed minimal concentrations of the major tear proteins. 

Even though our patient was severely tear deficient, punctal 

occlusion was found to be effective, suggesting that tear 

protein analysis may be useful in assessing the efficacy and 

mechanism of this procedure.
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