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Introduction
Corneal damage is one of leading causes of blindness.
Keratoplasty is a surgical procedure in which a part or
all of a damaged or diseased cornea is replaced by
healthy donor corneal tissue. The major goals of
corneal transplantation are to improve the vision,
reduce the pain and repair structural damage to main-
tain the integrity of the globe.

There are a number of risk factors that can help to
predict the likelihood of corneal graft rejection. These
include corneal vascularization, repeated keratoplasty
[1-3], glaucoma [1,3,4], human leukocyte antigens [1]
and blood type incompatibility [3], larger and eccen-
tric grafts [1], host age [2], but also pre-operative ocu-
lar infection [4]. The corneal immune response to anti-

gens results from an influx of cells from blood vessels
of the limbus, iris/ciliary body, and neo-vascular ele-
ments in the cornea and diffusion of immunoglobulins,
complement components and other active molecules
into the cornea. Immunoglobulin G and immunoglob-
ulin A were found in similar concentrations in the
peripheral and central cornea. Immunoglobulin M was
found in the periphery of the cornea probably because
its larger molecular weight restricts its diffusion into
the central cornea [5-7]. Inflamed surgical field
increases the possibility of transplantation failure.
Prevention lies in early detection of any signs of
inflammatory process followed by appropriate therapy.
Corticosteroid and immunosuppressive treatment is
the therapy of choice [8-10].

The aim of this clinical study was to examine
corneal buttons extracted from the patients undergoing
penetrating keratoplasty for the presence of basic
immunological inflammatory signs that can be warning
for the failure of transplantation result. Cellular pro-
inflammatory influx and immunoglobulins presence in
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corneal tissue were chosen for detection of immuno-
logical and/or inflammatory process in the cornea,
which might influence the status of the cornea integrity
and its homeostasis. Keratoconus, bullous keratopathy,
keratitis, post-traumatic leucoma and other corneal
degenerative diseases and dystrophies of the cornea
were pre-operative clinical indications for penetrating
keratoplasty. Immunoglobulins and cellular infiltration
were evaluated in tissues extracted from diseased eyes
as well as in corneas from healthy donors excluded
from transplantation due to morphological reasons
(such as stromal opacities, endothelial cell count less
than 1500/mm2). The result of an evaluation can con-
tribute to timely and correct treatment after cornea
transplantation and thus to ensure the graft function and
survival.

Material and methods
Corneal buttons. 130 corneal button specimens were acquired
from 116 patients who underwent penetrating keratoplasty (6 years
study). Analysed group consisted of 60 men and 56 women. The
average age of patients was 61.42±16.75 years, in the range of 12
to 97 years. Twenty corneas were obtained from 17 patients with
keratoconus as primary indication for keratoplasty, 69 corneas
from 65 patients with bullous keratopathy, 16 corneas from 14
patients with keratitis (classified as non-viral – 8 from 7 patients,
bacterial and fungal – 8 from 7 patients), 10 corneas from 8
patients with leucoma after chemical, thermal or physical injury
and 15 corneas from 12 patients with other degenerative diseases
and dystrophies of the cornea (Table 1). All patients suffered from
chronic disease persisting more than half a year. Patients were
treated only with antibiotics and corticosteroids administrated
locally. Immunosuppressive therapy was not applied in any of
them before transplantation, so the corneal tissue could not be
affected. The patients underwent the first penetrating keratoplasty
in 78 cases, repeated keratoplasty in the same eye in 36 cases and
repeated keratoplasty in the opposite eye in 16 cases.

The corneas of 6 cadaver donors were used as a control group.
There were 3 men and 3 women in control group; the average age
of the donors was 55.3±7.84 years (in the range of 48 to 68 years).
The donor corneas were considered not being suitable for surgical
purposes after evaluation. 

Processing of corneal buttons. All corneas (donor and patient)
were fixed by 10% formaldehyde, patient corneas immediately

after the excision and donor corneas 2-6 hours after procurement.
Tissue was then paraffin embedded and cut into 4 μm thick sec-
tions. One slide from each patient and donor sample was stained
with haematoxylin and eosin dye and examined for leukocyte infil-
tration using the light microscope Alphaphot-2, type 119 (Nikon,
Japan) at 200 up to 1000× magnifications. Other slides were stored
at room temperature until they were immunohistochemically
examined for the presence of immunoglobulins. 

Investigation of immunoglobulins in corneal buttons. The slides
were defatted 2 times in xylene and 3 times in methanol for 5 min-
utes in order to remove the paraffin. They were then rehydrated in
phosphate saline-buffered solution (PBS), (pH 7.2-7.4) for 10 min-
utes. Horseradish peroxidase conjugated swine anti-human
immunoglobulins (SwAHu/Ig-Px) (Sevapharma, Prague, Czech
Republic) was applied on the slides for 30 minutes. After 3 wash-
ings for 10 minutes in PBS the slides were incubated in 0.077%
(w/v) 3,3,-diaminobenzidine tetrahydrochlorid dehydrate (DAB)
and 0.075% (v/v) hydrogen peroxide in PBS for 15 minutes. The
slides were then washed 2 times in PBS and 1 time in distilled
water for 10 minutes and dried. They were examined under the
light microscope. The color intensity of the corneal layers in
patients was compared with that of control group. It was evaluated
as negative, slight positive or strong positive. To avoid inter-
observer variability caused by subjective mistakes all slides were
evaluated by the same person in a blind fashion.

Ethical issues. This prospective clinical study was approved by
ethic committee of the Faculty of Medicine of P. J. Safarik Univer-
sity.

Statistical analysis. The percentage of corneas with positive find-
ings of cellular infiltration and immunoglobulins in epithelium and
stroma in individual diagnosis groups and in all patients was cal-
culated. The same was done with corneas in patients after the first
keratoplasty, repeated keratoplasty and keratoplasty in the opposite
eye. Separate groups were compared and the results were statisti-
cally processed and evaluated using software MS Excel 2000 and
statistical programs Arcus Quickstat Biomedical 1.1. Yates' cor-
rected chi-square test and/or Fisher exact test were used for the
analysis.

Results
Light microscopy of corneal buttons showed normal
corneal tissue in donors (Fig. 1a). In patients, only two
of three basic corneal layers were noticed (epithelium
and stroma). In some samples single endothelial cells
could be seen. Most likely this was due to the patients'
diagnoses and/or processing. 

Cellular infiltration
The slides stained with haematoxylin and eosin dye
were examined for the presence of inflammatory cells.
Inflammatory cells were massively present in all clin-
ically determined diagnoses (Table 2). Massive leuko-
cyte infiltration (Fig. 1b) was found in 31 corneas of
all samples (23.8%). Inflammatory cells were found
especially in the stroma, occasionally in the sub-
epithelium. Polymorphonuclear neutrophilic leuko-
cytes were dominant population in 28 corneas. In other
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Table 1. Number of patients in individual groups of diagnoses
(number of corneas in parenthesis).

n – number of patients (corneas)



3 corneas mononuclear cells were the main population
of cellular infiltrate but they were present simultane-
ously with neutrophils. The presence of inflammatory
cells was most frequent in patients with viral keratitis
(62.6%), post-traumatic leucoma (60.0%) and other
degenerative diseases of the cornea and dystrophies
(46.7%). The frequency of leukocytes cellular infiltra-
tion in patients with these three diagnoses was statisti-
cally significant when compared with those of bullous
keratopathy (p=0.002 for viral keratitis, p=0.001 for
leucoma and p=0.002 for other degenerative diseases
and dystrophies of the cornea). Moreover, in 9 corneas
(6.9%) with positive cellular infiltration, the vascular-
ization of the cornea in histological section was
observed. There was no cellular inflammatory infiltra-
tion or vascularization in donor corneas.

Presence of immunoglobulins
The samples stained with SwAHu/Ig-Px and DAB
were examined for the presence of immunoglobulins
under light microscope. In all donors the intensity of
the color (the presence of immunoglobulins) of the
epithelium and stroma was very weak (Fig. 2a). Only
patients' corneas with strong positive immunoglobu-
lins were subsequently statistically analyzed.
Immunoglobulins were noticeable in 17 cases (13.1%)
of all (Table 2). In 13 corneas (10.0%) they were locat-
ed in the epithelium (Fig. 2b) and in 8 corneas (6.2%)
in the stroma (Fig. 2c). In 4 corneas immunoglobulins
were present in the epithelium and in the stroma as
well (Fig. 2d). The most frequent presence of
immunoglobulins in the epithelium was in the group of
patients with viral keratitis (37.5% of patients with this
clinical diagnosis). The same group of patients was
also the most often positive for the presence of

immunoglobulins in the stroma (25.0% positive
corneas). However, there was no statistically signifi-
cant difference in immunoglobulins presence when
compared the group of patients suffering from viral
keratitis with other diagnosis groups.

Some corneas were positive for only one parameter
investigated. In other corneas cellular infiltration as
well as immunoglobulins and/or vascularization were
present simultaneously (Table 3).

Pathological findings and repeated keratoplasty
36 corneas of all 130 were acquired from patients that
underwent repeated keratoplasty and 16 corneas from
patients with the second keratoplasty but in the oppo-
site eye. The most positive findings (in relative num-
bers) of cellular infiltration, immunoglobulins in
epithelium and immunoglobulins in stroma were in
corneas obtained from patients with repeated kerato-
plasty (Table 4) – 36.1%, 13.9% and 8.3% respective-
ly. Statistical analysis did not confirm the difference in
presence of any pathological finding in the corneas
dependent on the number of keratoplasties. 

Discussion
The regulation of immune response in the eye is com-
plex and involves both soluble and cellular factors. This
study was performed on 130 corneal buttons acquired
from patients with various primary pre-operative clinical
indications for cornea transplantation. During evaluation
of histological specimens massive cellular infiltration
was discovered in almost one quarter of corneas. It was
found especially in patients with typical inflammatory
diseases (keratitis of viral or other infectious origin) but
was also present in patients with diagnoses that usually
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Fig. 1. Histological sections of human cornea evaluated by light microscopy. (a) Donor – normal structure of epithelium and stroma, (b,
c) patient with clinical diagnosis keratitis – arrow indicates multiplayer epithelium many polymorphonuclear leukocytes can be seen in
stroma. Stained with haematoxylin and eosin; (a, b) original magnification ×150, inset (c) original magnification ×400.
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Ig – immunoglobulins; n – number of corneas  

Table 2. Absolute numbers and percentage of corneas with strong positive findings of cellular infiltration, vascularization, and
immunoglobulins in epithelium and stroma in individual diagnosis groups and in all corneas.

Fig. 2. Human corneas examined by light microscopy for the presence of immunoglobulins using SwAHu/Ig-Px staining. (a) Donor –
weak intensity of colour staining of epithelium as well as stroma (negative result), (b) patient with post-traumatic leucoma – positive
immunohistochemical staining of immunoglobulins in epithelium, (c) patient with bullous keratopathy – positive staining of immunoglob-
ulins in stroma, (d) patient with bullous keratopathy – positive staining of immunoglobulins in epithelium and stroma. (a, d) original mag-
nification ×120, (b, c) original magnification ×150.



are not associated with an inflammatory process (e.g.
keratoconus, bullous keratopathy and other degenerative
diseases of the cornea). In keratoconus predisposition of
the cornea to the infection could be due to contact lens
wearing [11]. According Lema et al. [12] increased lev-
els of interleukin-6, TNF-α, and MMP-9 in tears of
patients with keratoconus indicate that the pathogenesis
of keratoconus may involve also chronic inflammatory
events. In bullous keratopathy swelling of the epithelium
can lead to the rupture of bullae. Subsequent epithelial
defects can induce infection and inflammation in the
cornea. The occurrence of bullae and prolonged time of
the disease are risk factors for infection in bullous ker-
atopathy [13]. Detection of corneal cellular infiltration in
patients with different types of corneal degenerative dis-
eases in our study is in agreement with these findings.
High occurrence of inflammatory cellular infiltration in
post-traumatic leukomas showed that the tissue was in
stage of inflammation and not regeneration in time of
transplantation. 

The occurrence of cellular infiltration in patients
with repeated keratoplasty was higher (36.1%) than in
patients undergoing the first one (20.5%), Table 4.
However, the difference was not statistically signifi-
cant. The reason of graft failure may not lie only in
immunologically related rejection but also in physical
and biomechanical properties of the donor cornea and
clinical condition of the patient [1-4].

Corneal trauma can encourage new blood vessels to
grow from the limbus. Neovascularisation is generally
accompanied with an inflammatory response. In our
study 9 corneas of those with positive cellular infiltra-
tion were positive for vascularisation as well. Vascu-
larisation was present not only in corneas before the
first transplantation (4 cases) but also in transplanted
corneas (5 cases).

Immunoglobulins present in patients' corneas could
be the result of immune response to infectious agents,
corneal antigens and (in repeated keratoplasties)
alloantigens. Local production of antibodies specific to
different viral or microbial agents in cornea has been
documented [14-16]. In our study some corneas were
positive for immunoglobulins and inflammatory cells

simultaneously. We suppose it could be the result of an
infectious inflammatory process. Ten corneas were
positive for the presence of immunoglobulins and
without cellular infiltration. Six of them were from
patients that underwent the repeated keratoplasty. We
can think about alloantibodies in mentioned patients.
To distinguish the exact character of these antibodies
further investigations are required.

There was higher occurrence of immunoglobulins
in epithelium (13 corneas) than in stroma (8 corneas)
in analysed group. It could be due to the fact that
Langerhans antigen presenting cells are present espe-
cially in the epithelium.

In many others analysed corneas (the results of
which are not included in the present study) weak infil-
tration of inflammatory cells and weak positive
immunohistochemical staining of immunoglobulins
were frequently observed. Also these results point to
inflammatory process present in corneal tissue. We
suppose that an inflammation may be present also in
absence of acute manifestation. 

Implantation of donor cornea with recipient's tissue
without evident signs of inflammation would compli-
cate the process of grafting. In these cases another
approach of patient's treatment after cornea transplan-
tation would be suitable. In conclusion, we recom-
mend simple and prompt histological and/or immuno-
histochemical examination of corneal tissue from the
patients after penetrating keratoplasty. The results may
serve for better determination of pre-transplant diag-
nosis and post-keratoplasty treatment of patients.
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