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Abstract

e AIM: To investigate the histological characteristics and
ultrastructure of recurrent Chinese R124L mutated corneal
dystrophy after keratoplasty.

e METHODS: The subjects were enrolled from a Chinese
family of corneal dystrophy with R124L heterozygous gene
mutation and with a history of consanguineous marriage.
Normal corneal samples were used as controls.

e RESULTS: In this family, 2 patients (3 eyes) underwent
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penetrating keratoplasty (PKP) and 2 patients (4 eyes)
underwent lamellar keratoplasty (LKP). They had recurrence
at 33.5+£3.0 (range 30-36)mo after keratoplasty. Among
them, 1 patient (1 eye) underwent PKP again and 1 patient
(2 eyes) underwent LKP again. In the R124L mutated
recurrent corneal dystrophy, the corneal turbidity was
mainly distributed from the upper corneal cortex to the
anterior stroma; the corneal epithelium surface was rougher
and more uneven; and, the corneal erosions were larger.
Hematoxylin-eosin staining showed that the thickness of
the corneal epithelium was uneven; the arrangement of the
epithelial cells was disordered; and, some corneal epithelial
cells were swollen. The results of Congo red staining,
Masson’s trichrome staining and Periodic acid-Schiff
staining were positive, while that of Alcian blue staining
was negative. Under a transmission electron microscope,
deposition of high electron density substances between
epithelial and basal cells, and, apoptosis of basal cells were
observed. Many high electron density depositions were
observed in the sub-epithelial and anterior corneal matrix.

e CONCLUSION: In the Chinese family of recurrent
corneal dystrophy with R124L gene mutation, the corneal
epithelia of the recurrent cases are rougher, and the corneal
depositions are extracellular amyloid fibrin.
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INTRODUCTION

orneal dystrophy (CD) with R124L mutation is a
C familial, primary, binocular autosomal dominant genetic
disease!”. According to the 2015 International Classification
of Corneal Dystrophies (IC3D) and based on the affected
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Figure 1 The pedigree diagram of the CD family with R124L mutation III5 was closely related to I116. IV7 underwent binocular penetrating

keratoplasty (PKP). There was relapse in both eyes at 36mo after PKP and PKP was performed again on the right eye after recurrence. IV9

underwent binocular lamellar keratoplasty (LKP). Binocular LKP was performed for V2. The patient had CD recurrence at 33mo after the

operation and LKP was performed again on both eyes after the recurrence. V25 was treated with PKP for the right eye, and CD recurred at 30mo

after surgery.

anatomic site, CD is sub-classified: epithelial/sub-epithelial,
epithelial-stromal, stromal, and endothelial dystrophy"”!. CD
with R124L mutation belongs to epithelial-stromal CDP!. The
gene mutation sites of CD have been confirmed to be in the
transforming growth factor B-induced (7GFBI or BIGH3)
gene on chromosome 5q31™”. The diagnostic basis of CD
mainly includes clinical observation of lesion location and
morphology, histopathological changes, and genetic testing
and typing results™'".

Current treatments for CD include phototherapeutic

"4 After surgery,

keratectomy (PTK) and keratoplasty'
the symptoms could be improved or relieved and vision
could be improved. Some patients may inevitably suffer
]

. The

pathological changes of R124L mutant CD are reported to be

. : 1
from aggravation or recurrence of corneal opacity!"”

mainly caused by accumulation of abnormal substances in the
anterior stroma'’. However, the corneal pathological changes
of recurrent cases have not been reported. In this study, a
Chinese CD family with R124L mutation who had a history
of consanguineous marriage was enrolled. The pathological
changes of cornea tissues with recurrence after keratoplasty
were observed by electron microscopy and histopathological
analysis. The sites of gene mutations were detected. Our
findings may provide evidence for the pathological changes of
recurrent CD caused by R124L.

SUBJECTS AND METHODS

Ethical Approval The study was carried out in accordance
with the principles of the Declaration of Helsinki and was
approved by the Weifang Eye Hospital Ethics Committee.
Each patient provided the signed informed consent.

Subjects Fourteen patients with CD from a family with a
history of consanguineous marriage in China were enrolled.
Among them, the ratio of male to female was 6:8. The
youngest was 1 year old, and the oldest was 69 years old. The
14 patients underwent routine ophthalmological examination
and peripheral blood collection. The diseased corneal tissues

were collected from patients of IV7 and V2 (Figure 1) who

had recurrence after keratoplasty and underwent keratoplasty
again. For control, 3 pieces of normal corneal tissues donated
by Weifang Eye Hospital were collected.

Routine Ophthalmological Examination Routine
ophthalmological examinations, including visual acuity
examination, slit lamp microscope examination, and,
intraocular pressure and fundus examination were performed.
TGFBI Mutation Detection Peripheral blood (10 mL
each) was collected from 14 patients with CD. The blood
was anticoagulated with EDTA. DNA was extracted from
peripheral blood with DNA extraction kit (Qiagen, Santa
Clara, CA, USA). Gene sequencing was performed with
BigDye terminator V3.1 cycle sequencing kit (Qiagen, Santa
Clara, CA, USA) on an ABI 31300XL analyzer (ABI, Foster
City, CA). Sequence Scanner V1.0 software was used for
analyzing sequencing data, with reference to NCBI GeneBank
(NM_000358 for TGFBI).

Histopathological Analysis The corneal tissues were fixed
with 0.4 g/L paraformaldehyde, dehydrated with graded
ethanol, transparent with xylene, embedded with paraffin,
and cut into 5 um sections. Hematoxylin-eosin (HE) staining,
Alcian blue staining, Periodic acid-Schiff (PAS) staining,
Congo red staining, and Masson’s trichrome staining were
carried out respectively according to routine procedures.
The sections were observed and photographed under a light
microscope.

Ultrastructure Observation with Transmission Electron
Microscope The corneal specimens were fixed with 2%
paraformaldehyde glutaraldehyde, rinsed with phosphoric acid
buffer, fixed with 4% osperium tetroxide, dehydrated with
ethanol step by step, fixed with epoxy resin, made into ultrathin
sections, stained with lead uranium acetate and lead citrate, and
were observed under transmission electron microscope (TEM).
RESULTS

Basic Information of Study Subjects The pedigree diagram
of the family with a history of consanguineous marriage is

shown in Figure 1. There were 59 members (14 patients with
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Figure 2 Anterior segment photography A-F: Images of the right eye of IV7 in the family. IV7 had relapse 3y after PKP, and underwent
PKP again 27y after PKP. He was followed up 6y after the second PKP. A: Image at 1d after secondary PKP (2013-03). The corneal graft was
transparent. The suture was present. B: Corneal graft transparency at 2y and 1mo after secondary PKP (2015-04). C: Image at 3y after secondary
PKP (2016-03). Spotty grayish white opacity was observed in the cornea graft. D: Image at 5y and 10mo after secondary PKP (2019-01).
Corneal epithelium was rough and eroded into clumps. The cornea was uneven. The deposition was coarse and thick. E: Image at 5y and 11mo
after secondary PKP (2019-02). The picture showed conjunctival hyperemia, corneal edema and erosion. F: Image at 6y after secondary PKP
(2019-03). The gray and white deposition was fused to flake on the surface of the cornea graft. G-J: Images of the left eye of IV7 in the family.
G: Gray and white substance deposition in the center of the corneal graft at 9y after PKP (2013). H: Image at 11y after PKP (2015). I: Image at
12y after PKP (2016). J: Image at 15y after PKP (2019). The image showed that the gray and white deposition in the central cornea gradually

increased and thickened with time and the corneal surface was rough. PKP: Penetrating keratoplasty.

CD and 45 healthy people) of 4 generations in this family, all
of whom were Han Chinese. Among the 14 patients with CD,
1 patient (2 eyes) underwent penetrating keratoplasty (PKP)
and CD recurred 36mo after the operation. The right eye
of this patient underwent PKP again because of recurrence.
One patient (1 eye) underwent PKP and CD recurred 30mo
after the operation. One patient (2 eyes) underwent lamellar
keratoplasty (LKP) and CD recurred 33mo after surgery. After
recurrence, binocular LKP was performed again.

The 14 patients had recurrent eye pain, eye abrasion and
tearing, accompanied by redness and progressive vision loss
since childhood. After keratoplasty, the patients IV7, IV9, and
V2 (Figure 1) had CD relapse at 33.54+3.0mo. For the corneal
morphology of recurrent cases, it was observed that the corneal
epithelium was rougher and the corneal roughness was more
obvious. The corneal epithelium was eroded into clumps and
the deposition was thicker and closer to the corneal surface
(Figure 2). The clinical manifestations of the pedigree patients
are shown in Table 1. All patients were found to have R124L
mutation in the TGFBI gene (heterozygous mutation in exon 4
c.418 G>T; Figure 3).

Observation of Corneal Histopathology and Ultrastructure
HE staining showed that there were 5 to 6 layers of epithelial
cells in normal corneal tissue with regular arrangement
and uniform thickness of the pre-elastic layer (Figure 4A).
Masson’s trichrome staining showed regular arrangement
of matrix collagen fiber bundles (Figure 4B). However, in
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Figure 3 Direct sequencing analysis of exon 4 of TGFBI gene The
mutation ¢.418 G>T resulted in Argl24Leu (R124L; indicated by the

arrow).
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the corneal tissue of recurrent cases, the thickness of corneal
epithelium was uneven and the arrangement of epithelial
cells was disordered (Figure 4C, 4D). The normal columnar
structure of basal cells and the structure of the anterior elastic
layer disappeared. Instead, a large amount of red staining
substances were observed. Congo red staining was positive
(Figure 4E). Orange red was observed in the sub-epithelial
and anterior stroma. Masson’s trichrome staining was positive
(Figure 4F). The sub-epithelial and anterior stroma was
stained red and the stromal collagen fibers were stained blue.
PAS staining was positive (Figure 4G). Red substance was
seen in the sub-epithelial and anterior stroma of the cornea.
Alcian blue staining was negative and no specific staining was
observed.

Observation of Corneal Ultrastructure Under TEM, it was
observed that the epithelium microvilli of recurrent corneal
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Table 1 Clinical manifestations of patients in CD family with R124L. mutation

Family Sex/age  The onset  Age of visual

Corneal opacity Corneal epithelial Recurrent corneal

number (y) age (y) impairment (y) under slit lamp® erosion® epithelial defects Treatment

1v7 Male/59 7 12 -+ + Yes PKP was performed twice in the right eye and
once in the left eye

V9 Female/56 5 8 +++ + Yes PKP was performed once in both eyes

V2 Male/44 7 10 +++ ++ Yes LKP was performed twice in both eyes

V25 Male/31 5 8 ++ ++ Yes PKP was performed in the right eye and PTK

in the left eye

CD: Corneal dystrophy; PKP: Penetrating keratoplasty; LKP: Lamellar keratoplasty; PTK: Phototherapeutic keratectomy. “Corneal turbidity

degree under slit lamp: +: Uneven turbidity of the anterior elastic layer of the cornea, turbidity did not reach the limbus of the cornea, anterior

chamber and pupil could be seen; ++: Uneven turbidity of the anterior elastic layer of the cornea, turbidity reached the limbus of the cornea,

anterior chamber and pupil could still be seen; +++: Uneven turbidity of the anterior elastic layer of the cornea, turbidity reached the limbus, the

anterior chamber and pupil were not clear. "Degree of corneal epithelial erosion: +: Occasionally; ++: Occasionally, 2-3 times per year; +++:

Frequently, more than 4 times a year.

specimens reduced or disappeared. The shape of basal cells
varied (Figure 4I). There was swelling of cell mitochondria
(Figure 4J). There were vacuoles in the cytoplasm (Figure
4K). The nuclei were hyperchromatic, enriched, and crescent-
shaped, or became fragmented, distorted, contracted, or even
disappeared. Typical apoptotic features were observed (Figure
4L). Desmosomal junctions between some cells were reduced
or disappeared. The boundaries between the anterior elastic
layer and basal cells were blurred or disappeared (Figure 4M).
A large number of high-density abnormal substances were
dispersed and accumulated, and no obvious fibrous structure
was observed in the depositions (Figure 4N).

DISCUSSION

The gene mutation of CD and the pathological changes of
cornea have been reported previously™'®. This paper is the first
to report the pathological changes and TEM ultrastructure of
the corneal graft with recurrent CD. In the CD classification in
2015, R124L mutation is classified as epithelial-basal CD. This
paper was also one of the few families with R124L mutations
reported with a history of consanguineous marriage.

The characteristics of the CD family in this study were as
follows. First, it has been reported that the earliest onset age
was generally around 7 years old"”. In this study, the youngest
age of onset in this family was 1 year old. To our knowledge,
this is the youngest reported age of onset. Second, this family
was with a history of consanguineous marriage.

In this study, gene sequencing found heterozygous gene
mutation at the R124L locus in all patients, which was
consistent with previous findings"*. The R124L mutation
is also a common mutation type. In other atypical cases,
R125H, R555Q, R555W and a few mutations at the R124C,
G623D, H572R and H626P sites have also been reported”>”.
Our study also found that the CD of this pedigree had
high incidence, early onset age, severe condition and high
recurrence rate. A possible explanation is the genetic features

of consanguineous marriage. The mutation from the polar
hydrophilic arginine to the non-polar hydrophobic leucine
may change the polarity and hydrophilicity of amino acids,
thus changing the three-dimensional structure of protein and
contributing to the severity of the disease.

Some studies have reported that the R124L mutation of
CD has an early onset age and often has recurrent corneal
epithelial erosion from childhood, with obvious symptoms and
rapid progress'***. Later, there may be corneal punctuated or
map-like turbidity, which may gradually expand and merge,
leading to vision loss and blindness"”. Surgical treatments
such as PTK or keratoplasty can be performed. Nevertheless,
the disease often relapses within several years after the
operation. When there is CD recurrence, PTK or keratoplasty
can be performed again">*. Therefore, the patients with CD
recurrence in this study underwent PKP or LKP again.

In this study, HE staining clearly showed the scope and
location of recurrent lesions, including uneven thickness of
corneal epithelial cells, disordered cell arrangement, swelling
of some corneal epithelial cells and disappearance of the
normal cylindrical structure of basal cells. It is reported that
PAS staining could be positive in CD with R124L mutations'.
In this study, corneal tissue sections with recurrent lesions
were stained with Congo red, showing lamellar orange color
in the sub-epithelial and anterior stroma of the cornea, which
confirmed that the extracellular substance was amyloidosis.
Masson’s trichrome staining of the corneal epithelium and
anterior stroma showed red staining, indicating that the
extracellular depositions were acidic and microfibrous.
Therefore, in this relapsed CD family with R124L mutation,
the corneal depositions were extracellular amyloid fibrin. This
was consistent with previous studies'***".

Histopathological examination serves as the gold standard for
diagnosis™. HE staining can clarify the scope, size and shape
of the lesion. Specific staining can reveal specific components
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A B

Figure 4 Staining of corneal tissue A, B: Normal corneal tissue sections. A: HE staining of normal corneal tissue showed that there were 5-6
layers of corneal epithelial cells with regular arrangement and the thickness of the pre-elastic layer was uniform (HE staining x40). B: Masson’s
trichrome staining of normal cornea showed that the matrix collagen fiber bundles were orderly arranged (Masson’s trichrome staining x200).
C-H: Histological staining of the corneal tissue of the recurrent cases. C, D: HE staining of the corneal tissue of the recurrent cases, showing
uneven thickness of the corneal epithelium, disordered cell arrangement, and, disappearance of the normal cylindrical structure of the basal
cells and the pre-elastic layer structure. A large number of abnormal substances were observed (C, HE staining x100. D, HE staining x400). E:
PAS staining. Red substance was observed in the sub-epithelial and anterior stroma of the cornea (PAS staining x100). F: The corneal tissue
was stained with Congo red, and the sub-epithelial and anterior corneal stroma were flecked orange (Congo red staining x100). G: Masson’s
trichrome staining. The sub-epithelial and anterior corneal stroma were red and the matrix collagen fibers were blue (Masson’s trichrome staining
x100). H: Alcian blue staining. No specific staining was observed (Alcian blue staining x100). I-N: Transmission electron microscopy (TEM)
of the recurrent corneal epithelial cells. I, J: It was found that the microvilli of the recurrent corneal epithelial cells were reduced or disappeared.
The basal cells were different in morphology and irregular in arrangement, and a few of them were columnar (4J, x2500, 4K, x6000). K: The
cytoplasmic mitochondria were swelled and vacuolated (%15 000), the nuclei were hyperchromatic, and the chromatin in the nucleus was
rough and concentrated. L: The typical apoptotic feature was observed (x15 000). M: Desmosomal junctions between some cells were reduced
or disappeared (x15 000). N: The boundary between the anterior elastic layer and basal cells was blurred or disappeared. No obvious fibrous

structure was observed in the depositions (x30 000). HE: Hematoxylin-eosin; PAS: Periodic acid-Schiff.

(intrinsic and extrinsic) of the lesion and can give a rough
idea of the nature of its depositions. TEM can reveal the
pathological changes at the cellular/ultrastructural level. In this
study, TEM examination displayed that there were reduced
or disappeared epithelium microvilli of recurrent corneal
specimens. The basal cell morphology in the epithelium was
different. Mitochondria in cells were swelling. Vacuoles were

1420

observed in the cytoplasm. Corneal histopathological and
TEM ultrastructural changes of the recurrent cases further
confirmed that the recurrent CD caused by R124L mutation
had characteristic structural changes, which might be related to
clinical symptoms and gene mutations'".

Limitations of this study: First, this study only observed the

corneal tissues of recurrent cases and did not compare them
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with the corneal tissues after the first operation. Second, only
one family with a history of consanguineous marriage was
studied. The sample size should be expanded in future study.
In this Chinese recurrent CD family with R124L gene
mutation, the corneal epithelium of the recurrent cases was
rougher. The recurrent specimens suggested extracellular
amyloid fibrin in the cornea. Early diagnosis of CD is
based on slit lamp examination and clinical symptoms. The
advanced cases of CD are classified and diagnosed according
to corneal involvement, anatomical site, histopathological
features, genetic pattern and genetic testing results. Although
consanguineous marriage is now relatively rare in China, it still
exists in relatively remote and economically underdeveloped
parts of the country. Thus, earlier screening of patients
and their families of consanguineous marriage should be
performed.
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