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Abstract
Purpose This study aimed to evaluate the differences in the expressions of fractalkine in normal bulbar conjunctiva and primary
pterygium tissues.
Methods The study included 48 patients who had been operated on for primary pterygium. Histopathologically, the presence of
epithelial atypia, epithelial hyperplasia, goblet cell hyperplasia, epithelial lymphocytic exocytosis, stromal inflammation, mast
cell count, and stromal vascularity were evaluated in the primary pterygium tissues. An immunohistochemical fractalkine stain
was applied to the primary pterygium tissue samples and normal bulbar conjunctival tissue samples.
Results Primary pterygium and normal bulbar conjunctival tissue samples were histopathologically analyzed. Epithelial atypia,
epithelial hyperplasia, epithelial lymphocytic exocytosis, stromal inflammation, stromal vascularity, and mast cell count were
found to be significantly higher in the primary pterygium (p = 0.001, p = 0.002, p = 0.024, p = 0.007, p = 0.024, and p = 0.013,
respectively).When evaluated in terms of fractalkine expression, the epithelial, vascular endothelial, and inflammatory cells were
significantly higher in the primary pterygium (p ≤ 0.001, p = 0.002, p = 0.001, respectively). Moreover, compared to the normal
bulbar conjunctiva, Ki-67 expression was significantly higher in the primary pterygium tissue samples.
Conclusion Fractalkine might play a key role in the etiopathogenesis of pterygium. Fractalkine may be important in developing
new treatment approaches.
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Introduction

Pterygium is a common disease of the ocular surface and is
characterized by an overgrowth of triangular or winged con-
junctiva toward the cornea. It is a fibrovascular neoformation
consisting of loose connective tissue with epithelium and rich
vascular structure [1]. In cases of overgrowth, the pterygium
tissue sometimes closes the cornea substantially, which may
lead to corneal astigmatism and loss of vision [2]. The patho-
genesis of pterygium was for a long time unclear, and during
this time, it was considered a degenerative disease. Chronic
inflammatory infiltrate, which consists of T lymphocytes,

macrophages, plasma cells, and mast cells, is present in pte-
rygium [3, 4].

There are significant differences in both epithelium and
connective tissue stroma in comparison with pterygium in
normal bulbar conjunctiva [4]. Pterygia has similarities with
tumors due to cell proliferation, corneal invasion, and recur-
rence after resection [5]. Kase et al. reported that epithelial
proliferation is important in the growth and development of
pterygium [6]. Other researchers have found that excessive
cellular proliferation in the pterygium occurred in the fibro-
vascular layer [7]. The fractalkine (CX3CL1) is a chemokine
member composed of low molecular weight proteins. It con-
sists of two isoforms: dissolved (cytoplasm related) form and
cell membrane bound (membrane bound CX3CL1) form [8].
To date, more than 60 cytokines have chemotactic properties
[9]. Among them, the fractalkine is particularly noteworthy.
Because of the regulation of the immune system and organi-
zation has multiple tasks [9], previous studies have shown that
in many inflammatory conditions, such as atherosclerosis,
rheumatoid arthritis, asthma, osteoarthritis, and diabetes
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mellitus, tissue expression and/or circulating levels of the
fractalkine are increased [10–15]. Fractalkine is involved in
the transport of T cells, natural killer cells, leukocytes, and
monocytes from the blood to inflammatory sites in the pres-
ence of inflammation [16]. It is also involved in the control of
the passage of angiogenesis [16]. Through the interaction of a
specific receptor (CX3CR1), the fractalkine increases the
transfer of inflammatory cells and tissue destruction through
increased secretion of tumor necrosis factor alpha (TNF-α),
matrix metalloproteinases, and interferon gamma (IFN-γ)
[17].

We designed the current study to determine whether cellu-
lar inflammation participates in the pathogenesis of pterygia.
This study aimed to evaluate the expression of fractalkine in
normal bulbar conjunctiva and primary pterygia.

Methods

In this cross-sectional study, 48 patients were evaluated. Of
the 48 patients, 21 were female and 27 were male. The median
age was 46.5 ± 5.01 years (range: 37 to 55 years). The re-
search was planned in accordance with the Declaration of
Helsinki. Ethics committee approval was obtained from
Balikesir University Medical Faculty before starting the study
(Date: 05.09.2018/Decision no: 2018/144). All participants
were informed before their participation in the study and their
consent was obtained. The pterygium was graded with respect
to the severity of redness: grade I, no redness; grade II,
scattered areas have moderate redness; grade III, significant
and common redness present [18].

The study included 48 patients who underwent primary
pterygium excision including normal bulbar conjunctival
tissue. Only patients with primary pterygium were includ-
ed in the study. Recurrent pterygium was not included in
the study. In addition, patients who had previously had
ocular surgery, ophthalmic inflammatory or infectious dis-
eases, systemic autoimmune disease, and those on topical
or systemic medication were not included in the study.
Pterygium size was determined before the operation using
lamp biomicroscopy to measure the horizontal length from
the limbus to the cornea. Excision of the pterygium was
performed under local anesthesia using the naked sclera
technique. All tissues were collected from the nasal side.
The normal bulbar conjunctival specimen was excised
from the adjacent conjunctiva while pterygium tissue was
excised. Specimens were fixed with 10% neutral formalin
and embedded in paraffin after tissue follow-up proce-
dures. For staining with hematoxylin and eosin, sections
of 4-μm thickness were taken and placed on microscope
slides. Upon histologic examination, we evaluated the
presence of epithelial atypia, epithelial hyperplasia, goblet
cell hyperplasia, epithelial lymphocytic exocytosis,

stromal inflammation, mast cell count, and stromal vascu-
larity. We scored the vascularization of pterygium by light
microscopy under 200× magnification. In the stroma of the
tissue samples, the average mast cell count was obtained
by counting in three separate regions under 400× light mi-
croscopy magnification. Both primary pterygium and nor-
mal bulbar conjunctival tissue samples were evaluated for
epithelial atypia and epithelial hyperplasia and were de-
fined as present or absent. The number of goblet cells
was determined and graded as few or prominent.
Epithelial lymphocytic exocytosis was classified as mild
or moderate. Stromal vascularity was evaluated and
grouped as moderate or severe. The presence of stromal
inflammation was graded perivascular or diffuse according
to localization. Mast cell count was determined and classi-
fied as mild or moderate.

Immunohistochemistry

Primary pterygium and normal bulbar conjunctival tissue
samples were immunohistochemical stained for fractalkine
and Ki-67. İmmunohistochemistry procedure: All samples
were detected with 10% neutral formalin and the tissues
were embedded in paraffin after tissue follow-up. Four-
micrometer sections were taken to the microscope slides
and allowed to dry for 12 h at 37 °C. Each sample was
passed through xylene and ethanol solut ions for
deparaffinization. Samples were incubated with 1% H2O2

to prevent endogenous peroxidase activities. Each sample
was washed in 0.1% tritonx-100 phosphate-buffered saline
(PBS), then transferred to citrate buffer solution (pH 6) to
provide antigen retrieval. Each sample was then washed
again with PBS and placed in an immunohistochemistry
container. Samples were blocked with serum reagent for
5 min before primary antibodies were added. Primary an-
tibodies for anti-human CX3CL1/fractalkine antibody with
a dilution of 1: 1000 (sc20730, Santa Cruz, CA, USA) and
Ki-67 antibody dilution 1:50 (clone: polyclonal, ScyTek,
Utah, USA) were added and cooled at 4 °C for 12 h. The
samples were washed again with PBS and incubated with
streptavidin peroxidase for 30 min. Next, samples were
r insed with PBS and incubated with chromogen
aminoethylcarbazole substrate kit (AEC kit, Zymed
Laboratories). After these steps, the slides were stained
with hematoxylin for background staining and the slides
were closed with Entellan®. The antibody used in this
study was fractalkine and Ki-67 expression in normal bul-
bar conjunctival tissue samples and primary pterygium tis-
sue samples was compared with staining intensity.

After immunohistochemical staining, the number of
immuno-positive cells were determined using a micro-
scope (Nikon retention Ni-U, Tokyo, Japan) and an image
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analysis system (Nikon Instruments Europe BV,
Amsterdam, The Netherlands). This method used a pre-
software system with color segmentation to perform quan-
titative color analysis. Brown color staining in the nucleus
and the cytoplasm revealed the presence of fractalkine and
Ki-67 expression. The number of pixels reflects the inten-
sity of staining of immunopositive cells. In addition, the
entire image pixel can be expressed as a percentage [< 80

pixels weak (1+), 80–200 pixels medium (2+), and > 200.
Pixel shows strong (3+)] [9].

SPSS version 20.0 (Inc., Chicago, IL, USA) was used
for statistical analysis. Differences were assessed by an
independent sample t test. Kolmogorov-Smirnov test was
used to determine whether the distribution of continuous
variables was normal. Mann-Whitney U test was used to
compare the mean values. The correlation coefficients and

Table 1 Histopathological
findings in primary pterygium
and normal bulbar conjunctiva

Primary pterygium (n = 48, %) Normal bulbar conjunctiva (n = 48, %) p value

Epithelial atypia

Present 11 (22.9%) 1 (2.1%)

Absent 37 (77.1%) 47 (97.9%) 0.001

Epithelial hyperplasia

Present 45 (93.8%) 34 (70.8%)

Absent 3 (6.3%) 14 (29.2%) 0.002

Goblet cell hyperplasia

Few 35 (72.9%) 37 (77.1%) 0.159

Prominent 13 (27.1%) 11 (22.9%)

Epithelial lymphocytic exocytosis 0.024
Mild 37 (77.1%) 42 (87.5%)

Moderate 11 (22.9%) 6 (12.5%)

Stromal vascularity

Moderate 35 (72.9%) 42 (87.5%) 0.007

Severe 13 (27.1%) 6 (12.5%)

Stromal inflammation

Perivascular 34 (52.1%) 39 (81.3%) 0.024

Diffuse 14 (47.9%) 9 (18.8%)

Mast cell count

Mild 28 (58.3%) 34 (70.8%) 0.013

Moderate 20 (41.7%) 14 (29.2%)

Histopathological variables in primary pterygium and normal bulbar conjunctiva were evaluated and primary
pterygium showed a significant increase in epithelial atypia, epithelial hyperplasia, epithelial lymphocytic exo-
cytosis, stromal inflammation, stromal vascularity, and mast cell count (p = 0.001, p = 0.002, p = 0.024, p = 0.007,
p = 0.024, and p = 0.013, respectively). However, there was no significant difference in the number of goblet cells
between primary pterygium and normal bulbar conjunctiva (p = 0.159)

Fig. 1 Histopathological features, in normal bulbar conjunctiva and
primary pterygium. a Normal bulbar conjunctival tissue specimen.
Histopathological changes involving epithelial hyperplasia (eh), stromal
inflammation (si), stromal vascularity (sv). Hematoxylin and eosin

staining, 200×. b Primary pterygium tissue sample. Histopathological
changes including increased epithelial hyperplasia (eh), stromal
inflammation (si), stromal vascularity (sv). Hematoxylin and eosin
staining, 200×
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their significance were calculated using Spearman’s rank
correlation test. The Chi-square test was used to compare
the categorical data. A p value of less than 0.05 was con-
sidered statistically significant.

Results

Fourteen patients (29.2%) had grade I, 23 patients
(47.9%) had grade II, and 11 patients (22.9%) had
grade III redness. The mean size of primary pterygium
was 3.25 ± 0.44 mm. Morphological analysis with light
microscopy evaluated epithelial atypia, epithelial hyper-
plasia, goblet cell hyperplasia, epithelial lymphocytic
exocytosis, stromal inflammation, mast cell count, and
stromal vascularity in primary pterygium and normal
bulbar conjunctival tissue samples. Statistical analysis
showed that epithelial atypia, epithelial hyperplasia, ep-
ithelial lymphocytic exocytosis, stromal inflammation,
stromal vascularity, and mast cell count were signifi-
cantly higher in primary pterygium samples (p = 0.001,
p = 0.002, p = 0.024, p = 0.007, p = 0.024, and p = 0.013,
respectively). However, there was no difference in gob-
let cell hyperplasia between primary pterygium and nor-
mal bulbar conjunctival tissue samples (p = 0.159;
Table 1; Fig. 1a, b).

When the expression of the fractalkine was evaluated, both
nuclear and cytoplasmic staining were observed in the epithe-
lial cells and inflammatory cells, while only nuclear staining
was observed in the vascular endothelium. The expression of
the fractalkine was significantly higher in the primary pteryg-
ium tissues compared to the normal bulbar conjunctiva.
Fractalkine expression was significantly higher in the epithe-
lium, vascular endothelium, and inflammatory cells (p =
0.001, p = 0.002, p = 0.001, respectively) (Table 2; Fig. 2a–
c). The fractalkine expression in primary pterygium epitheli-
um had weak in 8 samples, had moderate in 24 samples, and
had severe in 16 samples. The fractalkine expression in pri-
mary pterygium plasma cells, in lymphocytes and in mast
cells in the stromal tissue, had weak in 12 samples, had mod-
erate in 21 samples, and had severe in 15 samples. The
fractalkine expression in primary pterygium endothelial cells
had weak in 13 samples, had moderate in 21 samples, and had
severe in 14 samples.

The primary pterygium and normal bulbar conjunctival
epithelium showed positive staining with Ki-67, the prolifer-
ation protein. Ki-67 expression was significantly higher in
primary pterygium than normal bulbar conjunctiva (p =
0.001) (Fig. 3a, b). The mean value of Ki-67 positive cells
in the primary pterygium and normal bulbar conjunctival ep-
ithelium was 9.75 ± 3.54% and 1.81 ± 0.67%, respectively
(Table 3).

Table 2 Fractalkine expression in primary pterygium and normal bulbar conjunctiva tissue samples

Fractalkine expression Primary pterygium (n = 48) Normal bulbar conjunctiva (n = 48) p value

Intensity 1+ 2+ 3+ 1+ 2+ 3+

Epithelium n (%) 8 (16.7%) 24 (50.0%) 16 (33.3%) 33 (68.8%) 12 (25.0%) 3 (6.3%) < 0.001

Vascular endothelium n (%) 13 (27.1%) 21 (43.8%) 14 (29.2%) 18 (37.5%) 20 (41.7%) 10 (20.8%) 0.002

Inflammatory cells n (%) 12 (16.7%) 21 (41.7%) 15 (41.7%) 17 (37.5%) 23 (56.3%) 8 (6.3%) 0.001

The expression of the fractalkine in epithelial cells, inflammatory cells, and vascular endothelial cells was significantly higher in primary pterygium
tissue samples than in normal bulbar conjunctival tissue samples (p = 0.001, p = 0.002, p = 0.001, respectively)

Fig. 2 Fractalkine expression, in normal bulbar conjunctiva and primary
pterygium. a Poor expression of the fractalkine in epithelial, endothelial,
and inflammatory cells in normal bulbar conjunctival tissue (e: epithelial
cells; v: vascular endothelial cells; i: inflammatory cells), 400×. b Strong

expression of the fractalkine in epithelial, endothelial, and inflammatory
cells in primary pterygium tissue (e: epithelial cells; v: vascular
endothelial cells; i: inflammatory cells), 400×. c Negative control: it
was obtained from the patient with primary pterygium, 400×
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Correlation analysis revealed a significant relationship be-
tween epithelial hyperplasia, stromal vascularity, stromal in-
flammation and fractalkine expression, which are histopatho-
logical variables in primary pterygium. In addition, clinical
parameters such as pterygium grade and pterygium diameter
correlated with fractalkine expression.

However, no correlation was found between the expres-
sion of the fractalkine in the normal bulbar conjunctiva and
the histopathological variables. There was also no correla-
tion between fractalkine expression and age and gender in
primary pterygium and normal bulbar conjunctiva.
Importantly, correlation was found between the fractalkine
and Ki-67 expression in primary pterygium epithelium
(Table 4). In addition, there was a significant positive cor-
relation between fractalkine expression and grade III red-
ness (r = 0.78, p = 0.035) (Table 5).

Discussion

This is a cross-sectional study. We investigated the
fractalkine expression in primary pterygium tissue sam-
ples. According to our results, the primary pterygium
tissue showed significantly increased fractalkine expres-
sion in the epithelial cells, endothelial cells, and inflam-
matory cells in comparison with the normal bulbar con-
junctiva. Moreover, a significant correlation was found
between the fractalkine expression of the primary pteryg-
ium and epithelial hyperplasia, stromal vascularity, stromal
inflammation, and Ki-67 expression. To the best of our

knowledge, this study is the first to investigate the fractalkine
expression in the primary pterygium. Fraktalkine, which has
many features such as adhesion and chemoattractant, is
upregulated in vasculature in various inflammatory dis-
eases [10, 19, 20]. Researchers have found that
fractalkine has a role in the pathogenesis and progres-
sion of many inflammatory conditions and some malig-
nancies [8]. In a study comparing asthmatic patients
with healthy people, the amount of CX3CL1 was shown
to increase in asthmatic patients. It can induce mast cell
chemotaxis and increase the CX3CR1 function in Th2
cells [21]. CX3CL1/CX3CR1 is upregulated in chronic
inflammatory conditions such as viral hepatitis [22]. The
CX3CL1/CX3CR1 axis also plays an important role in
inflammatory bowel diseases. In patients with Crohn’s
disease, when the inflamed and non-inflamed mucosa
were compared, a significant increase in transcription
of fractalkine in the inflamed colonic mucosa was found
[23].

Zhou et al. [14] reported increased expression of
fractalkine in small-cell lung cancer. For the first time,
Matthew et al. described the expression of fractalkine in
vascular endothelial and stromal cells obtained from hu-
man iris, retinal explants, and other ocular tissues. They
considered the increased expression of fractalkine in the
eye and other tissues and the role of mediating leukocyte
extravasation in inflammatory conditions elsewhere in the
body [24]. Studies on uveitis and retinitis have shown that
both chemokines and adhesion molecules have abnormal
expression. Based on this, they were thought to have an
important role in the onset and progression of the disease
[25, 26]. While interferon has an inducing effect on the
expression of fractalkine in the ocular endothelial cells,
interleukin (IL)-4 and -13 have an inhibitory effect.
Thus, the fractalkine may have an effective role in the
diseases of Th1-derived iritis and uveoretinitis [27–29].
Paolo et al. [30] reported that the increased fractalkine re-
sponse in the iris and retinal endothelial cells was induced by
stimulation of Th1 and Th2 cytokines. Recently, Enriquez-
de-Salamanca et al. [31] reported that fractalkine concentra-
tion increased in tears of patients with dry eyes and this

Fig. 3 Ki-67 expression, in
normal bulbar conjunctiva and
primary pterygium. a Low Ki-67
expression in epithelial cells in
normal bulbar conjunctival tissue
(yellow arrows), 400×. b High
Ki-67 expression in epithelial
cells in primary pterygium tissue
(yellow arrows), 400×

Table 3 Ki-67 expression in primary pterygium and normal bulbar
conjunctiva tissue samples

Tissue samples Ki-67 positive cells (%)

Primary pterygium 9.75 ± 3.54

Normal bulbar conjunctiva 1.81 ± 0.67

Ki-67 expression was significantly higher in primary pterygium than
normal bulbar conjunctiva (p = 0.001)
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increase was correlated with the disease severity. Denoyer
et al. [32] thought that the synthesis of epithelial fractalkine
could have a significant effect on cytotoxicity due to inflam-
mation in conjunctival immunity by acting on migration in
immune cells. In light of this information, the evidence sup-
ports that chemokines/cytokines play a critical role in the
pathogenesis of inflammatory events. In our study, the in-
creased fractalkine expression of endothelial, epithelial, and
inflammatory cells supports the fact that the fractalkine is a
chemokine that may play a role in pterygium from ocular
surface diseases.

One of the common symptoms of pterygium is inflamma-
tion and chronic inflammation may need to be permanent for
this finding to occur. Researchers reported that there are in-
flammatory cells such as neutrophils [33], mast cells [34],
lymphocytes, and plasma cells in the pterygium epithelium
and stroma [4]. In addition, increased expression of many
classical inflammatory factors, including TNF-α, IL-1, 4,
and 8, has been shown in pterygia samples [35]. TNF-α,
which is involved in the acute inflammatory response, acti-
vates the canonical nuclear factor kappa-light-chain-enhancer
of activated B cell pathway, and thus controls cell prolifera-
tion, differentiation, migration, and apoptosis [36]. For exam-
ple, UV irradiation stimulates secretion of TNF-α from the

cornea and conjunctival epithelial cells and may then cause
the proliferation of TNF-α fibroblasts [37].

In addition, only a few studies have addressed the relation-
ship between inflammation and TNF-α in pterygium [38]. A
recent study reported that fractalkine release was associated
with TNF-α and IL-6 [13]. Consistent with previous studies
[39], increased Ki-67 expression showed proliferation in pri-
mary pterygium. Furthermore, the expression of Ki-67 corre-
lated with fractalkine expression.

In our study, the increased expression of lymphocytes,
plasma cells, and mast cells with fractalkine in the primary
pterygium stroma supports inflammation, which is thought to
have a role in the etiology of pterygium. These findings sug-
gest that fractalkine may have an effect on the pathological
mechanisms of pterygium. Fractalkine is a molecule associat-
ed with inflammation. Therefore, we considered that investi-
gating the role of fractalkine in pterygium pathogenesis could
obtain new insights into the pathophysiological pathways and
new treatment strategies for the disease. We found that an
overexpressed fractalkine was strongly correlated with these
pathological changes and proliferation in the pterygium.

In conclusion, our results suggest that fractalkine may play
a role in pterygium pathogenesis. Further studies are needed to
understand the etiopathogenesis of pterygium and to

Table 4 Correlation analysis of
fractalkine expression and
clinicopathologic variables in
primary pterygium and normal
bulbar conjunctiva

Variables Primary pterygium fractalkine
expression

Normal bulbar conjunctiva fractalkine
expression

Age (year) r = − 0.359
p = 0.012

r = 0.217

p = 0.139

Gender r = 0.040

p = 0.788

r = 0.168

p = 0.254

Grade r = 0.757

p < 0.001

–

Pterygium size
(mm)

r = 0.908

p < 0.001

–

Epithelial
hyperplasia

r = 0.874

p < 0.001

r = − 0.428
p = 0.002

Stromal vascularity r = 0.693

p < 0.001

r = − 0.406
p = 0.004

Stromal
inflammation

r = 0.458

p = 0.001

r = − 0.406
p = 0.004

Ki-67 expression r = 0.508

p < 0.001

r = 0.147

p < 0.319

Spearman’s rank correlation

Table 5 The relationship
between the degree of redness in
the primary pterygium and the
intensity of fractalkine staining

Fractalkine intensity Grade I (n = 14) Grade II (n = 23) Grade III (n = 11)

(1+) 8 (57.14%) 4 (17.39%) 2 (18.18%)

(2+) 6 (42.86%) 16 (69.57%) 5 (45.45%)

(3+) 0 (0%) 3 (13.04%) 4 (36.37%)
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determine the role of fractalkine in developing new treatment
approaches for this disease.
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