RARE CASE OF PATHOLOGICAL
BIOMINERALIZATION OF EYE
TISSUE

SUMMARY

The authors have described the case of pathological biomineralization of ocular posterior chamber.
Histological examination of affected eye shells revealed inflammation, oedema, dyscirculatory violations,
and signs of dystrophic calcification. Structural-phase and chemical analyses of calcification have
revealed that the biomineral consists of hydroxyapatite with relatively small crystallite size and defective
crystal laftice.

In the described case the formation of pathological biomineral in the vision organ was initiated by
penetrating wound. Eye injury might have caused a hemophthalmus and chronic inflammatory reaction
in the shells, these processes eventually led to the organ subatrophy and to the development of dystrophic
and necrobiotic changes in the tissues. Pathological biomineralization in the affected organ developed
as a fype of dystrophic calcification.
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SOUHRN
Vzécny pripad patologické mineralizace oéni tkané

Autor popisuje piipad patologické mineralizace zadni komory oka. Histologické vysetfeni obald
postizeného oka odhalilo zanét, otok, poruchy cirkulace a zndmky dystrofické kalcifikace. Strukturalng
fazové vysetieni a chemickd analyza kalcifikace stanovily, ze biominerdl je tvofen hydroxyapatitem
z relativné malych krystald s poruchou krystalické mfizky.

V  popisovaném piipadé byla tvorba patologického biominerdlu ve zrakovém orgdnu vyvoldna
penetrujicim poranénim. O¢ni Graz mohl zpusobit hemoftalmus a chronickou zdénétlivou reakci
v obalech oka. Tyto procesy mohly zpUsobit astecnou atrofii oka a vyvoj dystrofickych
a nekrobiotickych zmén v tkdnich. Patologické biomineralizace v postizeném oku se vznikla jako
druh dystrofické kalcifikace.
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Biominerals formation in the vision organ
is a fairly rare pathology. The literature in
connection with the processes of bio-
mineralization and calcification described
choroidal osteoma, idiopathic choroidal
sclerosis, focal tofus-ike calcification of the
sclera and intraocular osseous metaplasia
[1, 2, 3, 4, 5]. Choroidal osteoma is
a benign tumor that replaces a choroidal
shell by a mature bone. This tumor was first
described in 1975. It is more offen one-
sided, but sometimes there is a later affection
of the second eye (20%). Etiology of
choroidal osteoma is unknown; it is believed
that this pathology relates to choristoma [3].
Intraocular osseous metaplasia, according to
Vemuganti GK et al (2002), is found in 5.2%
of patients who were performed ocular
enucleation owing to tuberculosis of eyeball,
staphyloma, absolute glaucoma or micro-
phthalmos [5]. The processes of dakrioliths

formation in the lacrimal sac were also
studied [6].

The reason of the development of
pathological mineral formation processes in
the vision organ and in the accessory glands
has not been determined [1, 2, 6].

The aim of this work is to study the
pathological processes of biomineralization
in the eye tissues, using pathomorphological
methods and applied materials science.

MATERIALS AND METHODS

Surgical material was fixed in 10%
neutral formalin for further  fixation in
alcohols at carousel device AT-4M and filling
in paraffin blocks, from which 4-6 microns
thick sections were manufactured by a rotary
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microtome “Shandon Finesse 325", Histo-
logical ~sections were stained  with
hematoxylin-eosin and examined with the
use of a light microscope of the company
“Carl Zeiss Primo Star”. Micrographs were
obtained with the help of a digital image
output system “SEO Scan ICX 285 AK-F IEE-
1394".

Mineral component was isolated by heat
treatment at 200 ° C for 1 hour. X-ray
diffraction investigations were performed on
a diffractometer DRON4 -07 (“Petrel”).
Radiation CuK (wavelength 0,154 nm) was
used under conditions of Bragg-Brentano
focusing ()-2)) (2) - Bragg angle) [7]. The
current and the voltage at the Xray tube
were 20 mA and 30 kV, respectively.
Samples were shot with the continuous
registration (speed 2 °/ min) in the angular
range 2J from 10 to 60°. All procedures of
the experimental data processing were
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performed by licensed software support
package and processing of the results
(DIFWIN-1, TOO “Etalon PTC"). Identifi-
cation of the crystalline phases was carried
out by automatic comparison of the
obtained results with the database cards
Powder Diffraction File 2 without imposing
restrictions on the elemental composition of
samples; the software package Crystallo-
graphica Search-Match (Oxford
Cryosystems) was used in this work.

Scanning electron microscopy with X-ray
microanalysis was performed by the
instrument REMMAT102 (SELMI). In the
energy-dispersive  microanalysis  (EDX)
conditions analytical signal accumulated
from three fragments of calcifications for
200 seconds at an accelerating voltage of
20 keV and a current probe 3 nA. The
sample particles, deposited on a special
conductive carbon tape, were coated with
a thin conductive film of gold in a vacuum
system VUP -5M (SELMI) to prevent the
accumulation of electrostatic charge during
the investigation of the elemental
composition.

CLINICAL CASE

A 61-yearold man was taken to the
ophthalmology ~ department of ~ Sumy
Regional Hospital in November 2011. The
patient complained of cramps, redness, and
blindness of the right eye. The pain was
observed for 10 days, but he didn't apply
for medical aid. The history tells about
a penetfrating wound of the right eye in
1965. An ophthalmic status of the right eye:
the right eyeball reduced in size, mobility is
not limited, visual acuity of O (zero),
blepharospasmus,  lacrimal  path s
passable. Conjunctiva is hyperemic, there
is a mixed injection of the eyeball, and the
cornea is edematous and lumpy. The
anterior chamber is filled with pus, deeply
lying structures aren’t visualized. The left
eye examination revealed: visual acuity is
0.9, the infraocular pressure is 20 mm, the
eyelids are not changed, the lacrimal path
is passable, the conjunctiva is pale pink, the
cornea is clear, the anterior chamber is
depth average, the iris pattern is not
changed, the lens has starting opacities in
the cortical layers, the vitreous and optic
disc are unremarkable. After examination
the diagnosis was determined as
a penetrating wound exodus (1965),
subatrophy, and endophthalmitis of the right

eye. The patient had incipient senile
cataract of the left eye. Enucleation of the
right eye with the formation of the stump
was performed.

Pathologic study of surgical material
revealed that the eyeball reduced in size to
1,3x0,9 cm, the tone also dramatically
reduced. Dirty yellowish color clots were
revealed in the anferior chamber. Hardening
of the inner lining of the eye, which was
almost total, was detected in the posterior
chamber. The formation was of a gray-
brown color, the size was 1,2 x0, 7 cm, had
the form of a funnel with a hole of
0.2-0.3 cm diameter at the tapered end,
weighing 0,815 g (Fig. 1A). After scorching
in a muffle furnace at 200°C for 60 minutes,
the formation retained the structure of
a funnel and acquired gray-whitish color, the
weight was 0.17 g (Fig. 1B).

Fig. Ta

Fig. 1b

Fig. 1 Eye macropreparations after fixation in for-
malin (Fig. 1A). Biomineral component after heat
treatment of the material (Fig. 1B).

Histological examination of the sclera
revealed the signs of swelling (Fig. 2A),
there were signs of intense inflammatory
infiltration, congestion of vessels, foci of

Fig. 2a

Fig. 2¢

Fig. 2 Histological examination of the affected
eye. A — the sclera with symptoms of cedema. B
— inflammatory infiltration (1), hemorrhage (2) in
the choroid . C - calcification in the shells of eye
posterior chamber (1). Hematoxylin-eosin. Increa-
se is shown in the lower left corner of each ima-
ge. Asterisk* points arfifact crack, which was for-
med in the manufacture of sections of mineralized
tissue.

hemorrhage in choroid (Fig. 2B). Deposits
of calcifications, most likely of degenerative
genesis, were revealed in the tissue of
posterior chamber membranes.
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Fig. 3 Original diffraction of mineral material of pathological eye formation,

vertical lines indicate the position and intensity of the peaks of hydroxyapa-
tite Ca1 (PO 4)¢(OH)o according to the reference data JCPDS 9-0432.

Research of biomineralith using
the methods of applied materials
science

The decoding of a ray diffraction pattern
of the sample of pathological mineral
formation of the eye showed a good
accordance to the structural data of
hydroxyapatite (Cayo(POy4)s(OH),, JCPDS
9.0432).

Considerable broadening and overlap of
the diffraction peaks shows a low degree of
crystallinity of the investigated material,
namely the small size of the areas with
a regular periodic structure (crystallites or
mosaic blocks) and a large proportion of
defects, which lead to lattice microstrain.
Scherrer’s [3] estimating of the crystallites
size in the perpendicular direction to the
crystallographic ~ plane  (002) gave
meanings very close to the typical size of
bone tissue crystallites (Lonp=18,2 nm). It
should be noted that the line of the
longitudinal size of apatite crystals (e.g.,
002) are broadened much less than the
lines of the transverse size (e.g., 310). It
means that the crystals along the hexagonal
axis are elongated and have small sizes in
their transverse direction. This morphology
of biological apatite crystals (like a plate,
needle or bar) is typical for bone tissue and
similar synthetic biomaterials.

Data of EDX microanalysis showed that
the main elements of deposit were calcium
and phosphorus in the typical ratio of
apatite (Fig. 4, Table 1). Some excess of Ca
in the stoichiometric apatite indicates the
presence of calciumfortified non-apatite
mineral constituents, which are the source
of biocrystal growth, and it is typical for
many cases of investigated pathological

deposits [8, 9].

Table 1 The concentrations of Ca and P in three
areas of the investigated calcifications according
to EDX analysis (wt.%).

Analysis Ca Ca/p
area
1 8.967 22.910 2.55
2 12.018  25.682 2.14
3 11.396  26.202 2.30
DISSCUSION
Chronic  inflammation cells, bone

morphogenetic protfeins, growth factors and
stem mesenchymal cells play possible role
in the pathogenesis of intraocular
biomineralization. Under the influence of
bone morphogenetic proteins and growth
factors mesenchymal stem cells differentiate
into osteoblasts. They secrete bone matrix
(osteoid), whose  regeneration and
remodeling lead to the formation of bone-
like tissue [10]. In the paper of Rohrbach
J. M. et al (1990) it is indicated that
infraocular osseous metaplasia is triggered
by chronic changes of the Retinal Pigment
Epithelium (RPE). The primary lesion (e.g.
trauma, inflammation or tumor) plays
a minor or no role [11].

The peculiarity of the investigated case is
a significant size of ocular lesion and a long
period of the process development (46
years). Of course, the process of
biomineralization in the tissues grows
slowly, but this long period of development
inclines us fo believe that a key element in
the development of ocular calcification is
the Retinal Pigment Epithelium (RPE). We
believe that the biomineralization processes

Fig. 4 EDX spectrum of pathological mineral eye formation.

in the investigated case should not be called
intraocular ossification or bone formation,
but dystrophic calcification. Firstly, structures
characteristic of bone (formation of bone
marrow, Havers tubules) have not been
observed in the ocular tissues. Secondly, the
data about a small size of the crystals of
hydroxyapatite and defective crystal lattice,
which were received using the methods of
applied material science, indicate the
development of dystrophic biominera-
lization, but not bone tissue, in the ocular
tissues.

CONCLUSION

Detection of pathological biominera-
lization in the vision organs of patients is
a rare event, thus being of great inferest. In
this case the treatment of the patient in
a conservative manner was futile and posed
a threat to the healthy eye. Histological
examination of the affected eye shells
revealed inflammation, oedema, dyscir-
culatory violations, and signs of dystrophic
calcification.

Structure-phase and chemical compo-
sitions of biomineral were established using
the methods of applied materials science.
Presence of apatite crystal phase with
relatively small crystallite size and defective
lattice in pathological formation is quite
typical for many cases of ectopic
biomineralization, but in our opinion, for
the first time it was described for ocular
calcifications and using the methods of
applied materials science.

In the described case the pathological
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biomineral formation in the vision organ
was initiated by penetrating wound. Eye
injury probably led to hemophthalmus and
chronic inflammatory reaction in the shells,
these processes eventually led to organ

subatrophy, development of dystrophic and
necrobiotic changes in the fissues.
Pathological  biomineralization in  the
affected vision organ developed as a type
of dystrophic calcification.

The value of presented work is not only
a rare case, but also the opportunity to raise
the ophthalmologists’  knowledge  of
morphogenesis of pathological biominera-
lization in the diseases of vision organ.
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