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Purpose: To describe observations by ultrahigh-resolution optical coherence tomography 

(OCT) in a secondary corneal amyloidosis (SCA) patient with histological analysis of excised 

tissue. A unique finding under OCT of her fellow eye is also described.

Case: A 39-year-old female had suffered from trichiasis in both of her eyes for more than 

30 years. Slit-lamp examination showed a milky-white soft mass on her left cornea and a linear 

opacity on the fellow cornea at the cilia-attached region. OCT demonstrated the presence of 

a mass region within a thin epithelial layer and no destruction of Bowman’s layer in her left 

cornea. In the fellow cornea, which exhibited a linear opacity, a high-density spot in Bowman’s 

layer was observed at the cilia-attached region covered by the epithelial layer, with normal 

thickness. Histological examination of the excised cornea showed that the mass was positive 

with both Congo red and antilactoferrin antibody.

Conclusion: SCA, amyloid gradually accumulates above Bowman’s layer, occupying the 

epithelial layer, with no destruction of Bowman’s layer until the advanced stage. A high-density 

spot in Bowman’s layer might be the first stage of SCA.

Keywords: OCT, secondary corneal amyloidosis, lactoferrin, cornea

Introduction
Secondary corneal amyloidosis (SCA) is the deposition of aggregated protein that 

occurs after chronic ocular inflammations or corneal disorders, eg, keratoconus, 

trachoma, phlyctenular keratitis, bullous keratopathy, interstitial keratitis, syphilis, 

trichiasis, and spheroid degeneration.1–9 We have previously classified SCA into 

three clinical types: gelatinous drop-like dystrophy-like appearance, lattice corneal 

dystrophy-like appearance, and the combined type.10 However, the details of SCA 

progression have yet to be clarified. Since corneal scraping or superficial keratectomy 

is usually only applied in advanced cases, we have not been able to obtain any samples 

from the very early stages that would reveal the first event of this disease.

Optical coherence tomography (OCT) is a useful tool for obtaining detailed images 

of the in vivo structure of the cornea. There have been many reports on using OCT 

to examine the morphologic structure that is present during corneal diseases.11,12 

Recently, Hurmeric et al and Roszkowska et al used OCT to obtain high-quality 

images of the morphology of the cornea in Salzmann nodular degeneration.13,14 In our 

current study, we used OCT to observe the corneal structure of both eyes in SCA 

patient with histological analysis, especially lactoferrin expression, which is one of 

the precursor proteins of SCA.15,16
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Case
A 39-year-old female who had suffered from trichiasis for 

more than 30 years complained of a foreign-body sensation 

and epiphora. The corrected visual acuity of her left eye was 

20/30. Slit-lamp examination revealed multiple milky-white 

soft masses on the corneal surface of her left eye (Figure 1A). 

A slight opacity was suspected in the anterior stroma under 

the slit-lamp examination. In accordance with our previous 

classification guidelines, this mass was classified as having 

a gelatinous drop-like dystrophy-like appearance.10 These 

multiple masses were located at the cilia-attached region.

OCT (Cirrus™ HD-OCT; Carl Zeiss, Jena, Germany; 

cube 4×4 mm, 512 A-scan, five-line raster 3 mm, A-scans) 

revealed that while there was a large mass under the thinned 

epithelial layer, there was no destruction on Bowman’s layer 

throughout the region (Figure 1, B and C), although a little 

high density stromal cells were observed in the anterior 

stromal layer.

On the other hand, the fellow cornea exhibited a 

linear subepithelial opacity that was not stained by 

fluorescein when observed under a slit-lamp examination 

(Figure, 2A and B). OCT revealed a high-density spot in 

Bowman’s layer (Figure 2C), and this spot was coincident 

with the cilia-attached region and linear line observed under 

slit-lamp examination. There was normal thickness for the 

epithelial layer, and no change was observed in any other 

parts of the cornea in the fellow eye.

Histological examination methods
To resolve the foreign-body sensation in the patient, the 

corneal tissues were excised by lamellar keratoplasty. After 

these excised specimens were frozen in 30% sucrose, 3 µm 

sections were cut and then mounted on slides. After the slides 

were dried, samples were fixed with 10% formaldehyde and 

stained with Congo red and antilactoferrin antibody (2B8; 

Abcam, Cambridge, UK). All of the sections were incubated 

with 1% bovine serum albumin in phosphate-buffered 

saline at room temperature for 10 minutes each in order to 

block the nonspecific binding. Subsequently, the samples 

were then incubated with antilactoferrin antibody for 90 

minutes at room temperature. The sections were washed 

three times in phosphate-buffered saline for 10 minutes, 

with the binding of the antibodies followed by reaction 

with biotinylated goat antirabbit immunoglobulin G and 

horseradish peroxidase-conjugated streptavidin (Histofine 

SAB-PO kit; Nichirei, Tokyo, Japan). The slides were dehy-

drated using an ethanol series (70%–95%) and xylene, after 

which they were covered with a coverslip using mounting 

medium. All slides were examined by both light and polar-

izing microscopy.

Histological analysis showed that the eosinophilic mate-

rial was positively stained, with Congo red showing apple-

green birefringence under polarized light (Figure 3, A–C). 

The material was also positive when using the antilactoferrin 

antibody (Figure 3D), with this area matching the Congo red-

positive region. However, it should be noted that we found 

that Bowman’s layer was occasionally destroyed within the 

frozen section.

Ten months after the operation, the corrected visual acuity 

of the patient’s left eye was 20/20. Epilation of the cilia is 

performed regularly, and no recurrence of amyloid deposi-

tion has been found.

A B

Figure 1(A) Slit-lamp examination photograph of the left eye of a 39-year-old female. A white milky mass is noted in the center of the cornea with mild ciliary injection. The 
patient had suffered from trichiasis for more than 30 years. (B) Ultrahigh-resolution optical coherence tomography image of the left eye. The image shows homogeneous 
material above Bowman’s layer. The material occupied the epithelial layer and caused thinning of the layer. In contrast, Bowman’s layer was intact throughout the entire 
pathological region.
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Discussion
By utilizing OCT, our current study proposed two hypoth-

eses in the pathogenicity of SCA. One is the first event of 

SCA. Although the high-density spot in Bowman’s layer 

was clearly observed in the fellow eye, we could not clarify 

whether this was the early step of secondary corneal amy-

loidosis or not. This might have been a thickened Bowman’s 

layer or an accumulation of some materials at the level of 

Bowman’s layer. However, 1) the white mass in her left 

eye was confirmed as SCA by histological analysis, 2) the 

amyloid deposits within the epithelial layer were just above 

Bowman’s layer in SCA, and 3) the high-density spot in 

Bowman’s layer in the fellow eye was coincidentally located 

at the cilia-attached region. Therefore, we want to propose 

that the high-density spot in Bowman’s layer in the fellow 

cornea might be the first step of SCA. In order to reveal this 

hypothesis, the linear opacity will need to be followed up 

for many years.

A second hypothesis is that SCA might occur within 

the epithelial layer, and Bowman’s destruction, which is 

often observed in excised SCA, might be the secondary and 

terminal phenomenon. In our case, which was an advanced 

stage of SCA, we showed a uniform Bowman’s layer under 

OCT observation.

Previous studies have reported that Bowman’s layer is 

sometimes destroyed by amyloid aggregation.2,5,6,9 Usually, 

tissue sampling during the early stages is difficult to perform 

from an ethical point of view, and we were only able to exam-

ine the histology of advanced cases of SCA. Moreover, these 

histological examinations do not always reflect the in vivo 

structure. Artificial insults that occur during tissue prepara-

tion might also affect the histological results, as was seen in 

our current analysis. Our results suggest that the destruction 

of Bowman’s layer is a secondary phenomenon, and thus will 

be observed only in the last stages of SCA.

Lamellar keratoplasty was chosen for the patient’s left eye 

because of the slight changes suspected in the anterior stroma 

under the slit-lamp examination and OCT, considering the 

possibility of a functional disorder of Bowman’s layer and 

the anterior stroma. Although we could not determine if the 

abnormality exists in Bowman’s layer or stroma, keratectomy 

or epithelial scraping should be chosen as the first choice 

A B

C

Figure 2 (A) Slit-lamp examination photograph of the right cornea. Linear opacity was observed at the cilia-attached region (arrow). (B) Slit-lamp examination shows that 
fluorescein did not stain the epithelial layer. (C) Optical coherence tomography indicates a high-density spot that is coincident with the linear opacity at Bowman’s layer 
(arrow). No other remarkable changes were seen in the stroma.
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for this patient. Fortunately, her visual acuity was retained 

after the lamellar keratoplasty, and no adverse reaction or 

recurrence of SCA has been found so far.

In our current study, histological analysis showed that 

the mass consisted of amyloid and lactoferrin, as was sup-

ported by our previous report that lactoferrin is the precur-

sor protein of SCA,16 although keratoepithelin also may be 

associated with the pathogenesis of SCA.17 Although the 

main origin of lactoferrin on the ocular surface comes from 

tears, it is also well known that corneal epithelial cells also 

can secrete lactoferrin.18 Regardless of whether the origin 

of lactoferrin is from tears or from the corneal epithelial 

cells, lactoferrin does accumulate above Bowman’s layer 

and aggregates to amyloid, creating a mass that occupies the 

epithelial layer without destroying Bowman’s layer during 

the process of SCA.

Epithelial layer thinning observed under OCT has also 

been reported in Salzmann nodular corneal dystrophy.13 This 

is a common phenomenon of diseases caused by the accumu-

lation of various materials beneath the epithelium.

We have proposed two hypotheses on the pathogenesis 

of SCA. To definitively clarify our current proposals, further 

follow-ups of our case are necessary to reveal the details of 

the amyloid-accumulation process in SCA.
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Figure 3 Immunohistochemistry of the corneal tissue excised from the left cornea.
Notes: Homogeneous material was positive with hematoxylin and eosin staining (A) and Congo red (B), and was depicted as apple-green under polarized microscopy (C). 
The mass region was also positively stained by the antilactoferrin antibody (D). The control that lacked the first antibody was negative (E).
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